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About the conference
The Eighteenth International Conference on High Pressure Semiconductor Physics (HPSP18) is

a satellite of the International Conference on the Physics of Semiconductors (ICPS 2018) to be
held in Montpellier, France, during the first week of August. The International Workshop on
High Pressure Study of Superconductors (WHS2) will merge with HPSP series for the second
time in Barcelona, after the success of the first joint meeting in Tokyo in 2016. The aim of
HPSP18&WHS?2 is to bring together young and experienced researchers from different fields to
meet during a single-session conference for the exchange of ideas, dissemination and discussion
of their latest results in research areas dealing with the application of high pressure and other
forms of stress to study both semiconductors and superconductors. The HPSP18&WHS2
conference will review the latest advances and developments of bulk and nanostructured
semiconductor and/or superconductor materials and devices using high pressure techniques,
including advances in pressure-induced superconductivity, novel materials, design of high
pressure apparatus, and other related topics. Finally, by bringing together scientists in
semiconductor and superconductor high pressure physics, we expect to create new synergies,
strengthening activities in both research areas.

HPSP is a biennial meeting with a long-standing tradition. The first two meetings took place in
Poland (1985) and Montpellier (1986) as a Polish-French Meeting on High Pressure
Applications in Semiconductors. The success of these early conferences made it clear that the
topic of high-pressure semiconductor physics attracted a great interest. Consequently, in 1988
the series was convened under its present name, being organized as a satellite of the traditional
International Conference on the Physics of Semiconductors (ICPS series). HPSP conferences
were held in:

e HPSP3, Tomazéw, Poland (1988)

e HPSP4, Porto Caras, Greece (1990)

e HPSP5, Kyoto, Japan (1992)

e HPSP6, Vancouver, Canada (1994)

e HPSP7, Schwébisch Gmind, Germany (1996)
o HPSP8, Thessaloniki, Greece (1998)

e HPSP9, Sapporo, Japan (2000)

e HPSP10, Guildford, UK (2002)

e HPSP11, Berkeley, USA (2004)

e HPSP12, Barcelona, Spain (2006)

e HPSP13, Fortaleza, Brazil (2008)

e HPSP14, Changchun, China (2010)

e HPSP15, Montpellier, France (2012)

e HPSP16, Mexico City, Mexico (2014)

e HPSP17&WHS, Tokyo, Japan (2016)

e HPSH18&WHS2, Barcelona, Spain (2018)



Scientific Topics

Submission of original work is solicited covering the following list of scientific topics:
1. Electronic structure

. Mechanical properties including vibrational, elastic  and piezoelectric properties

. Optical properties

. Electrical transport phenomena in semiconductors & superconductors

. Impurity and defect states

. Structural studies including phase transitions

. Magnetic diluted semiconductors & spin dependent properties

. Thermoelectricity and thermal properties

. Carbon-related semiconductors

10. Low-dimensional, layered & nanostructured materials

11. Superconducting materials & pressure-induced metallization and superconductivity

12. Organic & hybrid materials

13. Strongly correlated electron systems

14. Novel materials, structures and devices

15. New experimental or computational techniques
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Invited Speakers
Marvin L. Cohen, Berkeley University, USA

Isaac F. Silvera, Harvard University, USA

Mikhail Eremets, MPI for Chemistry, Mainz, Germany
Eugene Gregoryanz, University of Edinburgh, UK
John S. Tse, University of Saskatchewan, Canada
Paolo Postorino, University of Roma Sapienza, Italy
Bingbing Liu, Jilin University, China

Sofia-Michaela Souliou, ESRF, Grenoble, France
Stanislaw Krukowski, UNIPRESS, Warsaw, Poland
Olivier Pages, Université de Lorraine, France

Sergey Ovsyannikov, University of Bayreuth, Germany
Shanti Deemyad, University of Utah, USA

Kazuyuki Matsubayashi, Tokyo, Japan

Julio Pellicer-Porres, Valencia University, Spain
Manuel Nafez-Requeiro, Institut Neel CNRS, France
Aitor Bergara, Universidad del Pais VVasco (EHU), Spain
Shinji Watanabe, Kyushu Institute of Technology, Japan
Ingo Loa, University of Edinburgh, UK

Vladimir Solozhenko, CNRS, Paris, France

Agata Kaminska, Institute of Physics, Warsaw, Poland
Miriam Pefia-Alvarez, University of Edinburgh, UK
Suchi Guha, University of Missouri, USA

Alfonso San Miguel, University of Lyon, France
Yoshihisa Mori, Okayama University of Science, Japan
Markus R.Wagner, TU Berlin, Germany




Venue
The HPSP18&WHS2 conference will be held at the CosmoCaixa Museum, which is the first

interactive science museum in Spain. This space, inaugurated for the recreation and
dissemination of science, would provide a unique and stimulating environment for all
conference participants. The Museum is located approximately 10 km west of the Barcelona-El
Prat International Airport and it is about 15 minutes (highly dependent on traffic) drive from
downtown Barcelona and/or easily accessible by public transportation such as bus and train
(FGC). Barcelona is within one hour drive from well-known tourist attractions such as the
Montserrat or seashore cities like Sitges or Tossa de Mar.

More information on the facilities and their location of the CosmoCaixa Museum of Science are available
at: https://obrasociallacaixa.org/en/ciencia/cosmocaixa/el-museo

ADDRESS

Isaac Newton, 26

08022 Barcelona, Spain

Tel. +34 93 212 60 50

Fax +34 93 253 74 73
icosmocaixa@magmacultura.net
TRANSPORT

Bus

Lines H4, V13, V15, 22, 73, 75, 60 and 196
Generalitat trains (FCG)

Line L7, CosmoCaixa - Av. Tibidabo station
By road

Exit 6 and 7 of the Ronda de Dalt ring road
Parking

Saba — CosmoCaixa

Timetable: from 7 amto 11 pm

Tel. +34 93 253 74 88

CAFETERIA - RESTAURANT
ARCASA — CosmoCaixa

Gluten-free cooking

Timetable: from 10 am to 8 pm

Tel. +34 93 253 74 51

Presentation Formats

Invited talks: 30 min total (25 min talk + 5 min discussion).

Contributed talks: 15 min total (12 min talk + 3 min discussion).

A computer for projection will be available. Authors are required to bring their presentation on
either a memory stick or use their own computer.

Posters: Pin-up boards will be provided to accommodate 120 cm x 90 cm (DIN AQ) posters.

Publication
Conference participants are kindly invited to submit original manuscripts for publication in a

Focus Series on High Pressure Semiconductor and Superconductor Physics in the international
journal Papers in Physics


https://obrasociallacaixa.org/en/ciencia/cosmocaixa/el-museo
mailto:icosmocaixa@magmacultura.net

http://www.papersinphysics.org/index.php/papersinphysics/pages/view/highpressuresemisuperc
onductor

After peer-review, accepted manuscripts will be published open access as regular articles as
part of the Focus Series. In Papers in Physics, authors may ask for Open Review, which means
that the reviewers are not anonymous and their names will be stated in the published paper.
Moreover, if the editors consider the reports valuable for the readers, the publication of
Commentaries from the reviewers are encouraged, with due Replies from authors, if necessary.
Reception of submissions for this focus series of Papers in Physics edited by Andrés Cantarero,
Alejandro R. Gofii and J. Sebastian Reparaz is open.

If you wish to submit a manuscript for inclusion in this focus series, you can follow the standard
process for regular articles (see authors guidelines:
http://www.papersinphysics.org/index.php/papersinphysics/about/submissions#authorGuidelins
and indicate you would like the paper to be considered for the "Focus series on High Pressure
Semiconductor and Superconductor Physics”. The articles will be limited in length to a
MAXIMUM of 10 printed pages for invited speakers and 5 pages for contributed papers.

Organizing Committee

A.R. GONI (Chair), Barcelona, Spain

F. RODRIGUEZ (Co-Chair), Santander, Spain

M.1. ALONSO (Local Arrangements), Barcelona, Spain
A. MORENO (Local Arrangements), Barcelona, Spain
A. FRANCISCO (Local Arrangements), Barcelona, Spain
A. CANTARERO (Publication), Valencia, Spain

J.S. REPARAZ (Publication), Barcelona, Spain


http://www.papersinphysics.org/index.php/papersinphysics/pages/view/highpressuresemisuperconductor
http://www.papersinphysics.org/index.php/papersinphysics/pages/view/highpressuresemisuperconductor
http://www.papersinphysics.org/index.php/papersinphysics/about/submissions#authorGuidelins

HPSP18 &WHS2

Scientific Program

Monday, July 23

Registration & Museum Visit (15:00-19:00)

Tuesday, July 24

Registration (8:00-9:00)

Opening & Welcome
(Agora hall, CosmoCaixa Museum)

Tul.1 (9:00-9:05): Opening (Goiii, Alejandro R.).

Tul.2 (9:05-9:15): Welcome (Director of the Area of Scientific Disclosure and CosmoCaixa:
Portabella, Jordi).

Overview on High Pressure Physics of Semiconductors & Superconductors

(Agora hall, CosmoCaixa Museum. Chair: Weinstein, Bernard)

Tul.3 (9:15-10:00): Plenary (Cohen, Marvin L.), High Pressure Effects in Semiconductors,
Metallization, and Superconductivity.

Pressure-Induced Metallization and/or Superconductivity-I
(Agora hall, CosmoCaixa Museum. Chair: Syassen, Karl)

Tul.4 (10:00-10:30): Invited (Silvera, Isaac F.), Two Pathways to Metallic Hydrogen and
Deuterium.

Tu2.1 (11:00-11:30): Invited (Eremets, Mikhail), Molecular semimetallic hydrogen.

Tu2.2 (11:30-12:00): Invited (Gregoryanz, Eugene), Raman studies of deuterium and hydrogen
high pressures and low temperatures.

Tu2.3 (12:00-12:30): Invited (Souliou, Sofia-Michaela), High-Tc cuprates under hydrostatic and
uniaxial compression.

Tu2.4 (12:30-12:45): Oral (Toulemonde, Pierre), Pressure-Temperature phase diagram of
superconducting FeSe single crystals probed by neutron and x-ray diffraction, x ray emission
and absorption spectroscopies.

Tu2.5 (12:45-13:00): Oral (Medvedev, Sergey), Pressure-induced superconductivity in the pyrite
phase of palladium diselenide.

Electronic Structure & Optical Properties




(Agora hall, CosmoCaixa Museum. Chair: Cohen, Marvin L.)

Tu3.1 (15:00-15:15): Oral (Pravica, Michael), Fluorine chemistry at extreme conditions: possible
synthesis of HgF4.

Tu3.2 (15:15-15:30): Oral (Sun, Baoquan), Influence of polar pressure transmission medium on
the pressure coefficient of excitonic interband transitions in monolayer WSe2.

Tu3.3 (15:30-15:45): Oral (Lesniewski, Tadeusz), Inducing the luminescence of quenched Ce3+
centres in gadolinium gallium garnet by high pressure.

Tu3.4 (15:45-16:00): Oral (Mahlik, Sebastian), Influence of high hydrostatic pressure on
intraconfigurational transition in lanthanide ions doped inorganic hosts.

Impurity & Defect States

(Agora hall, CosmoCaixa Museum. Chair: Cohen, Marvin L.)

Tu3.5 (16:00-16:30): Invited (Kaminska, Agata), High Pressure Study of the Yellow
Luminescence in Be-doped GaN.

Structural Studies Including Phase Transitions-I
(Agora hall, CosmoCaixa Museum. Chair: Eremets, Mikhail)

Tu4.1 (17:00-17:30) Invited (Krukowski, Stanislaw), Electronic aspects of adsorption at
semiconductor surfaces: the equilibrium pressure, growth and doping.

Tu4.2 (17:30-18:00) Invited (Tse, John), Mechanisms for Structural Phase Transformations in
High Pressure Solids.

Tu4.3 (18:00-18:15) Oral (Argaman, Uri), Prediction of the stability of the rhombohedral phase
in IV=VI monochalcogenides and its origin.

Tu4.4 (18:15-18:30) Oral (Polian, Alain), Sni4 and Gel4 under high pressure: a combined X-ray
absorption X-ray diffraction study.

Tu4.5 (18:30-18:45) Oral (Shirai, Koun), Order-Disorder Phase Transition from delta-O to alpha-
T boron.

Gathering organized by the Women Under High Pressure Group
(Agora hall, CosmoCaixa Museum)

Tu4.6 (18:45-19:15) Oral (Pefia Alvarez, Miriam & Deemyad, Shanti), HPSP18&WHS2 Women
under High Pressure.

Reception Cocktail (19:30-21:00)
(Placa de la Ciencia, CosmoCaixa Museum)

Wednesday, July 25

Registration (8:30-9:00)

Organic & Hybrid Materials




(Agora hall, CosmoCaixa Museum. Chair: Campoy-Quiles, Mariano)

Wel.1 (9:00-9:30): Invited (Postorino, Paolo), Pressure-induced order-disorder transitions in

hybrid perovskites.

Wel.2 (9:30-10:00): Invited (Guha, Suchi), Blue-emitting organic semiconductors under

pressure: new perspectives on intermolecular order.

Wel.3 (10:00-10:15): Oral (Perevedentsev, Aleksandr), Unravelling the Interplay between
Microstructure and Photophysics for Luminescent Magnus’ Green Salt Derivatives using
Pressure-Dependent Spectroscopy.

Low-Dimensional, Layered & Nanostructured Materials

(Agora hall, CosmoCaixa Museum. Chair: Alonso, Ma. Isabel/Garriga, Miquel)

We1l.4 (10:15-10:30): Oral (Gonzalez, Jesus), Pressure dependence of multiphonon resonant
Raman scattering on 2Hc-MoS2 microcrystalline samples: the semiconductor to metal
electronic phase transition.

We2.1 (11:00-11:30): Invited (San Miguel, Alfonso), Tuning dimensionality in nanosystems
under extreme conditions.

We2.2 (11:30-11:45): Oral (Santoro, Mario), Synthesis and Raman spectroscopy of a layered
SiS2 phase at high pressures.

We2.3 (11:45-12:00): Oral (Sanchez-Royo, Juan Francisco), Centrosymmetric MoS2 under
pressure: revealing spin-polarized nature of bulk electronic bands.

We2.4 (12:00-12:15): Oral (Livneh, Tsachi), High pressure and low temperature Raman
scattering in Inorganic Fullerenes of MoS2.

We2.5 (12:15-12:30): Oral (Manjon, Francisco Javier), High-pressure study of high-mobility
Bi202Se semiconductor.

We2.6(12:30-12:45): Oral (Forestier, Alexis), Partial strain transfer between layers in
isotopically labeled bilayer graphene under high pressure.

We2.7 (12:45-13:00): Oral (Zhao, Yixuan), Application of high pressure and high temperature to
produce a Bi nanowire/silica nanotube composite for thermoelectric applications.

Structural Studies Including Phase Transitions-II
(Agora hall, CosmoCaixa Museum. Chair: Silvera, Isaac F.)

We3.1 (15:00-15:30): Invited (Pefia-Alvarez, Miriam), Temperature Dependence of Rotational

Modes in Fluid Hydrogen and Deuterium.



We3.2 (15:30-15:45): Oral (Liu, Xiao-Di), Phase diagram of hydrogen, deuterium and
hydrogen-deuterium mixtures at high pressures and low temperatures.

We3.3 (15:45-16:00): Oral (Liarokapis, Efthymios), Pressure induced lattice anomalies in La2-
xSrxCuO4.

We3.4 (16:00-16:15): Oral (Andrada-Chacén, Adrian), Pressure induced phase transition and
metallization in 1T-HfSe2.

We3.5 (16:15-16:30): Oral (Moreira, Sanclyaton), Phase Transition in Beta-Carotene Crystal
under High Pressure.

Poster Session | — Odd Numbers (17:00-19:00)
(Ambaixades, CosmoCaixa Museum)

We4.1-P1 (17:00-19:00): Poster (Dybala, Filip), Determination of pressure coefficients in MoS2,
MoSe2, WS2, and WSe2 van der Waals crystals by optical studies at room temperature.

We4.2-P3 (17:00-19:00): Poster (Ves, Sotirios), High pressure response of the Raman modes of
Dy3Ga5012.

We4.3-P5 (17:00-19:00): Poster (Mufioz, Alfonso), CeScO3 perovskite under pressure from ab
initio simulations.

We4.4-P7 (17:00-19:00): Poster (Pavlov, Sergei), Stressed THz silicon lasers.

We4.5-P9 (17:00-19:00): Poster (Wang, Yu), Kinetic boundaries and phase transformations of
ice | at high pressure.

We4.6-P11 (17:00-19:00): Poster (Mujica, Andrés), Study of the evolution of the vibrational
and electronic properties of several tin chalcogenides under compression.

We4.7-P13 (17:00-19:00): Poster (Syassen, Karl), Structural pathways and lattice dynamics of
ReO3 under pressure.

We4.8-P15 (17:00-19:00): Poster (Buga, Sergei), Advanced Thermoelectrical Bi2-xSbxTe3-C60
Nanocomposites.

We4.9-P17 (17:00-19:00): Poster (Ovsyannikov, Sergei), Thermoelectric properties of
compressed germanium.

We4.10-P19 (17:00-19:00): Poster (Arvanitidis, John), Pressure evolution of the samarium
valence in Sm2.75C60.

We4.11-P21 (17:00-19:00): Poster (Han, Bo), Excitonic properties of hBN/WSe2
monolayer/hBN van der Waals heterostructures under hydrostatic pressure.

We4.12-P23 (17:00-19:00): Poster (Jin, Meiling), Superconductivity emerging from a Weyl!
semimetal NblrTe4 under pressure.

We4.13-P25 (17:00-19:00): Poster (Campoy-Quiles, Mariano), Elucidating the role of planarity
and intermolecular distance on the optical properties of conjugated polymers.



We4.14-P27 (17:00-19:00): Poster (Weinstein, Bernard), Pressure-optical studies of band gap
tuning, Raman phonons, and stability in BaZrS3.

We4.15-P29 (17:00-19:00): Poster (Uwatoko, Yoshiya), Development of Two-stage Multianvil
Apparatus for High Pressure and Low Temperature Measurements.

Thursday, July 26

Registration (8:30-9:00)

Mechanical Properties, incl. Vibrational, Elastic & Piezoelectric Properties

(Agora hall, CosmoCaixa Museum. Chair: Polian, Alain)

Th1.1 (9:00-9:30): Invited (Pages, Olivier), Pressure-induced phonon freezing in ZnSe-based
mixed crystals: phonons, phonon-polaritons and ab initio calculations.

Th1.2 (9:30-10:00): Invited (Pellicer-Porres, Julio), BiVO4 polymorphism studied by high
pressure-high temperature Raman measurements and ab-initio calculations.

Th1.3 (10:00-10:30): Invited (Wagner, Markus R.), Strain engineering as a tool to tune the
acoustic phonon dynamics of suspended nanostructures.

Novel Materials, Structures & Devices

(Agora hall, CosmoCaixa Museum. Chair: Kaminska, Agata)

Th2.1 (11:00-11:30): Invited (Ovsyannikov, Sergei), High-pressure high-temperature synthesis
and phase transitions in simple oxides.

Th2.2 (11:30-12:00): Invited (Liu, Bingbing), New ordered Structure of Amorphous Carbon
Clusters from Compressing C8H8/C60.

Th2.3 (12:00-12:15): Oral (Sung, Ha-Jun), Prediction of a novel superconducting Si allotrope and
its high-pressure Na-Si precursor.

Th2.4 (12:15-12:30): Oral (Montesdeoca, Denise), Open Circuit Voltage Increase of GaSb/GaAs
Quantum Ring Solar Cells under High Hydrostatic Pressure.

Th2.5(12:30-12:45): Oral (Eales, Timothy), Evidence for Disorder Induced Band Mixing Effects in
Gel-xSnx Alloys using Hydrostatic Pressure.

Th2.6 (12:45-13:00): Oral (Deng, Zheng), Pressure effect on diluted magnetic semiconductors
with independently controllable charge and spin.

Structural Studies Including Phase Transitions-lli

(Agora hall, CosmoCaixa Museum. Chair: Gregoryanz, Eugene)



Th3.1 (15:00-15:30): Invited (Loa, Ingo), Complex Alloy Phases in Bismuth Tellurides at High
Pressure.

Th3.2 (15:30-16:00): Invited (Deemyad, Shanti), Unstable, Metastable and Ground State
Structures of Lithium.

Th3.3 (16:00-16:30): Invited (Solozhenko, Vladimir), Equilibrium p-T phase diagram of zinc
oxide.

Poster Session Il — Even Numbers (17:00-19:00)
(Ambaixades, CosmoCaixa Museum)

Th4.1-P2 (17:00-19:00): Poster (Jara-Martinez, Enrique), Structural correlations in Cs2CuCl4:
pressure dependence of electronic and vibrational structures.

Th4.2-P4 (17:00-19:00): Poster (Rodriguez-Hernandez, Placida), High-pressure elastic,
vibrational and structural study of monazite-type GdPO4 from ab initio simulations.

Th4.3-P6 (17:00-19:00): Poster (Porras-Montenegro, Nelson), Transmittance of 1D
superconductor-semiconductor photonic crystal as a function of pressure, temperature, and
thickness of the component layers.

Th4.4-P8 (17:00-19:00): Poster (Akahama, Yuichi), Reentrant structure transition of indium at
130 GPa.

Th4.5-P10 (17:00-19:00): Poster (Freire, Paulo), High pressure on the orthorhombic phase of
nanostructured MoO3.

Th4.6-P12 (17:00-19:00): Poster (Syassen, Karl), Phases of LaTiO3 under pressure.

Th4.7-P14 (17:00-19:00): Poster (Pravica, Michael), Synthesis of a novel structure of cesium
superoxide via x-rays and high pressure.

Th4.8-P16 (17:00-19:00): Poster (Korobeynikov, Igor), Thermoelectric properties of TX3 (M —Ti,
Zr, X—S, Se, Te) under high pressure.

Th4.9-P18 (17:00-19:00): Poster (Takarabe, Kenichi), High Pressure Study of Hall Effect in
Thermoelectric Mg2Si Semiconductor.

Th4.10-P20 (17:00-19:00): Poster (Bogdanov, Evgeny), 2D Electrons Concentration and Mobility
in n-GaAs/AlGaAs:Si under Uniaxial Stress.

Th4.11-P22 (17:00-19:00): Poster (Buga, Sergei), Metastable Superconductive Phase of
Topological Insulator Sb2Te3 Obtained by High-Pressure-High-Temperature Treatment.

Th4.12-P24 (17:00-19:00): Poster (Francisco-Lépez, Adrian), High pressure study of optical and
vibrational properties of methylammonium lead iodide perovskites.

Th4.13-P26 (17:00-19:00): Poster (Yang, Wenge), Pressure enhanced performance in
perovskite photovoltaic materials.



Th4.14-P28 (17:00-19:00): Poster (Min, Byeong-Hun), Installation of a laser drilling system and
diamond anvil cell for transport measurements up to 60 GPa.

Th4.15-P30 (17:00-19:00): Poster (Xiao, Hong), Pressure-tuned superconductivity and normal-
state behavior in Ba(Feq.043C00.057),AS; near the antiferromagnetic boundary.

Banquet (20:00-23:00)
EL PRINCIPAL DEL EIXAMPLE
C/ Provenza 286, 08008 BARCELONA
www.elprincipaleixample.com

Friday, July 27

Registration (8:30-9:00)

Pressure-Induced Metallization and/or Superconductivity-II

(Agora hall, CosmoCaixa Museum. Chair: Deemyad, Shanti)

Frl.1 (9:30-10:00): Invited (Bergara, Aitor), Anharmonic effects and optical spectra in
superconducting hydrogen.

Frl.2 (10:00-10:15): Oral (Li, Bin), Superconductivity in Titanium Hydrides at High Pressures.

Frl.3 (10:15-10:30): Oral (Zhu, Jinlong), Superconductivity emerging from a Weyl semimetal
NbirTed under pressure.

New Experimental or Computational Techniques

(Agora hall, CosmoCaixa Museum. Chair: Reparaz, J. Sebastidn)

Fr2.1 (11:00-11:15): Oral (Matsumoto, Ryo), Diamond Anvil Cell with Boron-doped Metallic
Diamond Electrodes for Resistivity Measurement under High Pressure.

Fr2.2 (11:15-11:45): Invited (Mori, Yoshihisa), Development of Thermoelectric Measurement at

High-temperature and High-pressure using Six-axis Multi-Anvil Press.

Electrical Transport Phenomena in Semiconductors & Superconductors
(Agora hall, CosmoCaixa Museum. Chair: Reparaz, J. Sebastidn)

Fr2.3 (11:45-12:00): Oral (Yahniuk, Ivan), Pressure-driven topological phase transitions in
HgTe/(Cd,Hg)Te quantum wells.

Fr2.4 (12:00-12:30): Invited (NUfiez-Regueiro, Manuel), The pressure evolution of the basal
electrical resistivity of cold pressed single crystal graphite.

Strongly Correlated Electron Systems
(Agora hall, CosmoCaixa Museum. Chair: Mufioz, Alfonso)

Fr2.5(12:30-13:00): Invited (Watanabe, Shinji), Griineisen Parameter in Quantum Critical Yb-
Based Quasicrystal.




Fr3.1(15:00-15:30): Invited (Matsubayashi, Kazuyuki), Pressure-induced novel
superconductivity and quantum critical phenomena in nonmagnetic systems.

Fr3.2 (15:30-15:45): Oral (Kuwayama, Takanori), Relationship between superconductivity and
magnetism on FeSel-xSx (x = 0.12) studied by 775e-NMR under pressure.

Fr3.3 (15:45-16:00): Oral (Fujiwara, Naoki), Quantum Critical behavior of LaFeAsO1-xHx under
pressure.

Closing
Fr3.4 (16:00-16:15): Summary (Rodriguez, Fernando).

Fr3.5 (16:15-16:30): Closing (Gofii, Alejandro R.).



Tul.3 (plenary) Abstract Form, HPSP18&WHS2

High Pressure Effects in Semiconductors, Metallization, and
Superconductivity

Marvin L. Cohen
Department of Physics, University of California, Berkeley, California 94720, USA, and Materials
Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
mlcohen@berkeley.edu

The effects of pressure on the metallization of material systems and their possible transition into
the superconducting state will be discussed primarily from a theoretical point of view. A classic
example is the transformation of semiconducting silicon in the diamond structure at atmospheric
pressures to metallic forms at high pressures. It was possible for theory to predict new high pressure
metallic silicon structures and their superconducting properties. Other examples of this kind will be
described.

In the search for superconductivity at high transition temperatures, much of the focus has been on
class 2 superconductors such as the cuprates and iron based systems. Here the effects of pressure (both
external and internal) have been important. However, an important obstacle has been that at present
there is no consensus on a theory of class 2 superconductors. Hence making reliable predictions is
difficult.

In contrast, class 1 superconductors are understood using the theory of Bardeen, Cooper, and
Schrieffer, and both predictions and suggestions for increasing superconducting transition
temperatures can be made with some confidence. Some of these theoretical results and proposals will
be discussed. Among them is the importance of covalent bonding and structures based on light atoms
such as hydrogen and carbon. For the latter, the amorphous-like Q-Carbon material has attracted
recent attention because of the observation of superconductivity at 37K and 55K in specific boron
doped samples. Some theoretical research will be reported for this system. For hydrogen, theorists
have been constrained by an inability to predict reliable high pressure structures. As a result,
predictions of the properties of metallization arising from band overlap or partially filled bands has
been difficult. The lack of precise structural information for some hydrogen compounds and Q-Carbon
are also constraints on theory in this field. Nevertheless, useful calculations have been done, and some
of these will be discussed. More importantly, it is hoped that experimental results to be discussed at
this conference on metallization of hydrogen and high temperature superconductivity in
hydrogen/sulfur systems should help to define the most promising paths for theorists to follow.



Tu1.4 (invited)

Two Pathways to Metallic Hydrogen and Deuterium
LF. Silvera

Lyman Laboratory of Physics, Harvard University, Cambridge, MA 02138 USA
silvera@physics.harvard.edu

Hydrogen and its isotopes can be insulators, semiconductors, metals, and possibly superconductors with
very high critical temperatures, all depending on the density and the bonding, molecular or atomic. At zero
pressure (P) and low temperature (T) (below 14 K) hydrogen crystallizes as a molecular solid. Wigner and
Huntington (WH) studied the dependence of the hydrogen phase diagram on density finding that at a high
density or pressure, the molecular bond destabilizes and molecules dissociate to form atomic metallic
hydrogen (MH). We have observed this transition at 495 GPa [1], shown in the figure, at liquid helium
and liquid nitrogen temperatures. The phase called H,-PRE becomes black at high pressure and is
semiconducting, before hydrogen metallizes. It was also realized that at a lower, but still high pressure and
very high temperatures, there is a temperature driven transition to liquid atomic metallic hydrogen (LMH).
This liquid-liquid phase transition is sometimes called the Plasma Phase Transition or the PPT. We have
determined the phase line for LMH and liquid atomic deuterium for several values of P and T, as well as
optical properties and optical conductivity [2, 3]. We observe isotopic differences in the phase lines.
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Figure. The phase diagram of hydrogen showing the two pathways to MH (left panel, blue arrows). The
left panel shows the high temperature pathway to liquid MH; the right shows the low temperature
path to the WH phase of MH.

There are several interesting predictions for MH that we are studying: metastability, optical properties in
the IR, and the possibility of room temperature superconductivity. MH at low temperatures has probably
never before existed in the Universe, thus this is an exciting area of study on a unique material. LMH is the
principle component of giant outer planets such as Jupiter and gives rise to its magnetic field via the
dynamo. In this talk we shall discuss the techniques and observations that enabled us to make this
breakthrough to observe MH that was predicted 83 years ago.

[1] R. Dias and 1. F. Silvera, Science, vol. 355, pp. 715-718, 2017.
[2] M. M. Zaghoo, A. Salamat, and I. F. Silvera, Phys. Rev. B, vol. 93, p. 155128, 2016.

[3] M. Zaghoo and I. F. Silvera, Proc. of the National Academy of Sciences, vol. 114, no. 11873,
2017.
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Molecular semimetallic hydrogen

M. I. Eremets*, A. P. Drozdov, P. P. Kong, H. Wang
Max-Planck-Institut fur Chemie, Hahn-Meitner Weg 1, 55128 Mainz, Germany

*m.eremets@mpic.de

Establishing metallic hydrogen is a goal of intensive theoretical and experimental work since 1935 when
Wigner and Huntington predicted that insulating molecular hydrogen dissociates and transforms to a
metal at high-pressures ~370-500 GPa according to recent calculations. In another scenario, the
metallization can be first realized through overlapping of electronic bands in molecular hydrogen in the
250-500 GPa pressure range. The calculations are not accurate enough to predict which option is
realized. Our data say that hydrogen transforms to semimetal by closing the indirect band gap in the
molecular phase III at pressure ~360 GPa [1]. Above this pressure, the metallic behaviour in the
electrical conductivity appears, the reflection significantly increases. With pressure, the electrical
conductivity strongly increases as measured up to 440 GPa (Fig. 1). The Raman spectra evidence that
hydrogen is in the molecular phase III at pressures at least up to ~420-440 GPa. At higher pressures
measured up to 480 GPa, both vibron and phonon modes in the Raman signal disappear indicating
further transformation to a good molecular metal or to an atomic state.
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Figure 1. Temperature dependence of resistance of hydrogen at different pressures. The upper curves are
scaled (the coefficients are indicated) to allow for a visual comparison with the two other curves on the
plot. At low temperature the resistance increases, but the behavior is not that of a semiconductor, as R(T)
can be described with activated behavior, but with an extremely small activation energy of ~2 meV. The
insert shows an extrapolation of the resistance to higher pressures, which indicates that the state of a good
metal can be reached below 500 GPa.

Right. Photograph of the sample of hydrogen (bright spot in the center) together with four attac hed
electrodes at 380 GPa and 190 K. The photo was taken in a reflection illumination

1. Eremets, M.1L., et al., Molecular semimetallic hydrogen. arXiv:1708.05217,2017.
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Raman studies of deuterium and hydrogen at high pressures and low
temperatures

Eugene Gregoryanz %’
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ZHPStar, Shanghai, China
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The discovery of phases IV [1,2] and V [3] has recently reignited interest in the studies of the dense
hydrogen. As a result of this discovery, the phase diagrams of hydrogen and deuterium above 180 GPa
and at 300 K have been extensively studied both experimentally and theoretically. The experimental
studies radically expanded both phase diagrams by pushing the achievable P-T conditions to new
limits. Despite the remarkable progress in our understanding of the behavior of both isotopes at very
high pressures, there has been no attention given to the P-T conditions at medium compressions. The
behavior of hydrogen at these conditions is important to understand the evolution of the system during
its transformation from the weak intermolecular state with strong intra-molecular forces (e.g., phases I,
II, and III) to the layered phases (e.g., phases IV and V) with weaker intra-molecular bonding and
stronger intermolecular interactions. At the same time, the rich and fascinating physics, which governs
the behavior of dense hydrogens can still provide some unexpected and interesting results.

I will revisit P-T phase diagrams of hydrogen and deuterium and present our resent Raman
measurements on both isotopes in a wide pressure and temperature range. I will show how the
quantum effects influence the orfo-para conversion rates and how rotational motion of the molecules
depends on density.

[1] Eremets and Troyan, Nature Materials (2011).
[2] Howie et al. Phys. Rev. Lett. (2012).
[3] Dalladay-Simpson et al. Nature (2016)
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High-T. cuprates under hydrostatic and uniaxial compression
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High pressures are widely used in the study of high-temperature cuprate superconductors offering
valuable insights on the superconducting mechanism and leading to record values of their
superconducting transition temperature, 7.. In the well-studied YBa,CusOg ¢ family, it is has been shown
that the effect of hydrostatic pressure application on T, is the net outcome of different, opposite in sign
uniaxial pressure derivatives [1,2,3]. Combined hydrostatic and uniaxial pressure studies are required
to clarify the role played by the underlying lattice in mediating superconductivity and its interplay with
other electronic orders in the cuprates phase diagram.

We have used high resolution inelastic x-ray scattering to investigate the effect of hydrostatic [4]
and uniaxial [5] compression on the charge density wave instability which competes with
superconductivity in underdoped YBa,CuszOss. We will discuss the very different results obtained under
hydrostatic and uniaxial compression with respect to the pressure dependence of 7. and to the pressure-
induced modification of the crystal structure, as well as to alternative tuning parameters of the electronic
ground state.

[1] S. Sadewasser et al., Phys. Rev. B 2000, 61, 741

[2] C. Meingast et al., Phys. Rev. Lett. 1991, 67, 1634

[3]1 U. Welp et al., Phys. Rev. Lett. 1992, 69, 2130

[4] S. M. Souliou et al., Phys. Rev. B 2018, 97, 020503(R)
[5] H.-H. Kim, S. M. Souliou et al., submitted 2018
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Pressure — Temperature phase diagram of superconducting FeSe single
crystals probed by neutron and x-ray diffraction,
x-ray emission and absorption spectroscopies

P. Toulemonde' * B. Lebert2’3, S. Klotzz, V. Balédent4, J.-P. Rueff® , M. Rabal, P. Rodiérel,
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In addition to its low pressure nematic state [1,2,3], FeSe shows a pressure-induced
antiferromagnetic (AFM) order [4] simultaneously where T, increases strongly, from 9K up to 35K at
6-7GPa.

We confirm, thanks to x-ray diffraction under high pressure (HP), that its low temperature
orthorhombic distortion is retained in the region of superconductivity and antiferromagnetism
coexistence [5]. Moreover, at P>7GPa, the decrease of T. is found concomitant with the formation of a
new polymorph, with an orthorhombic Pnma structure, characterized by a 3D network of face sharing
FeSes octahedra [6]. This 3D phase coexists with the low pressure 2D form up to the highest pressure
studied.

We have also studied the magnetism of FeSe by performing resonant inelastic x-ray scattering
(RIXS) at K-edge of iron. The x-ray absorption spectra (XAS) measured at 10K and HP are strongly
modified at 7GPa, corresponding to the change from the tetrahedral to the octahedral coordination of
Fe in the Pnma structure. More interestingly the x-ray emission spectra (XES) measured at the K [’
line shows a significant increase related to the sudden enhancement of the local Fe magnetic moment
occurring in the FeSe 3D form [7]. Corroborated by ab-initio simulations, this evidences a low-spin
(LP) to a high-spin (HP) transition. Finally, our neutron diffraction experiments under HP-low T have
not revealed any detectable long range magnetic order associated to the intermediate pressure-induced
AFM phase or to the 3D HP polymorph despite its higher iron magnetic moment.

[1] S. Karlsson, P. Toulemonde et al., Supercond. Sci. Technol. 2015, 28, 105009.

[2] P. Massat, P. Toulemonde, Y. Gallais et al., PNAS USA 2016, 113, 9177.

[3] L. Fanfarillo, J. Mansart, P. Toulemonde, H. Cercellier, P. Le Fevre, F. Bertran, B. Valenzuela,
L. Benfatto, V. Brouet, Phys. Rev. B 2016, 94, 155138.

[4] M. Bendele et al., Phys. Rev. B 2012, 85, 064517.

[5] K. Kothapalli et al., Nat. Comm. 2016, 7, 12728.

[6] V. Svitlyk, M. Raba, V. Dmitriev, P. Rodiere, P. Toulemonde, D. Chernyshov, M. Mezouar,
Phys. Rev. B 2017, 96, 014520.

[7] B. Lebert, V. Balédent, P. Toulemonde, J. M. Ablett, and J.-P. Rueff, submitted to Phys. Rev. B:
Rapid Comm. 2018, arXiv:1708.04805.
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Pressure-induced superconductivity in the pyrite phase of
palladium diselenide
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The exploration of the chemical, structural and electronic parameters of a solid which lead to the

appearance or the enhancement of superconductivity is an ongoing topic of intensive research. In
transition-metal dichalcogenides, a class of compounds known for their unusual electronic properties
and rich intercalation chemistry, superconductivity often competes with diverse exotic phases. Here
we report the emergence of superconductivity after the pressure-induced transition to the pyrite-type
structure. The critical temperature
depends on pressure with a typical dome shape, reaching a maximum value of 7, = 13.1 K at a
pressure ~23 GPa. This is by far the highest critical temperature of superconductivity reported up to
now in the family of transition-metal dichalcogenides.
Our lattice dynamic studies show unambiguously a correlation between critical temperature and the
bonding of Se,-dumbbells in the pyrite structure underlining the crucial role of bonding as tuning
parameter for superconductivity. Ab initio calculations of the electronic band structure of pyrite PdSe,
indicate its topologically nontrivial nature in the form of Dirac crossings and nodal lines in the vicinity
of the Fermi level. Nodal lines close to the Fermi level can lead to novelvexotic superconducting
states.

The significance of the bonds length as a tuning parameter for superconductivity allows to expect
even higher 7. values in other pyrite compounds. The tuning of their crystal and electronic structure
can be accomplished by application of pressure or by chemical substitution, eventually stabilizing the
superconducting state at ambient pressure. The discovery of topological bands in PdSe, pyrite
suggests further studies on other transition-metals compounds in the pyrite structure with respect to
topological properties and their relation to superconductivity.
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Fluorine chemistry at extreme conditions: possible synthesis of HgF4.

S. Schyck! , E. Evlyukhin!, E. Kim!, and M. Pravical*
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*pravica@physics.unlv.edu

We sought to confirm a prediction that HgFs4 would form under conditions of an excess of
molecular fluorine and high pressure from HgF>.! Two sets of experiments were performed on HgF»
an HgF> + XeF> mixture, respectively, both pressurized inside a symmetric diamond anvil cell. Both
samples were separately irradiated at the Advanced Photon Source (APS) with white x-rays. In the
mixture sample, molecular fluorine was released upon irradiation via XeF> +hv—Xe+F; as confirmed
by Raman spectroscopy.”? The sample color turned yellow shortly after irradiation at low pressure and
then deep red when pressurized near 40 GPa similarly to the color changes observed when
pressurizing solid molecular oxygen. The pure HgF> sample, on the other hand, did not decompose
with irradiation and remained stable to the highest pressure studied (45 GPa). We observed the
formation of solid a-F2 under pressure (the highest pressure it has ever been observed) via Raman
spectroscopy including other dramatic spectral alterations suggesting the formation of at least one
more compound within the mixture which we suspect is HgF4 synthesized via the following proposed
reaction: HgF>+Fo—HgF4. Far-infrared (IR) experiments were performed at the Canadian Light
Source on both samples. As pressure was increased in the mixed and irradiated sample, a broad peak
or peaks appeared near 474 cm™!' above 25 GPa which then disappeared above 33 GPa. The peak or
peaks reappeared when the pressure was reduced below 33 GPa and then again disappeared below 25
GPa as the pressure was reduced to ambient. This observed behavior has been predicted previously.!
This peak was absent in the virgin HgF> sample at all investigated pressures. X-ray diffraction and
Resonant X-ray emission (L-edge) studies conducted of both samples at the APS Sector 16 ID-B and
16 ID-D beam lines respectively indicated significant alterations in the irradiated mixture sample at
various pressures.

Figure 1: Molecular fluorine (deep red), probably in the alpha phase, near 40 GPa produced via x-ray
irradiation of of a mixture of HgF2 and XeF2, as viewed through one diamond pressurizing the sample.

[1] M. Miao, J. Botana, M. Pravica, D. Sneed, C. Park, Japan. J. Appl. Phys. 2017, 56, 05SFA10:1-8.
[2] D. Schiferl, S. Kinkead, R. Hanson, D. Pinnick J. Chem. Phys. 1987, 87, 3016-3021.
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Influence of polar pressure transmission medium on the pressure
coefficient of excitonic interband transitions in monolayer WSe,
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Influence of the pressure transmission medium (PTM) on the excitonic interband transitions in
monolayer tungsten diselenide (WSe,) has been investigated using photoluminescence (PL) spectra
under hydrostatic pressure up to 5 GPa. Three kinds of PTMs, condensed argon (Ar), 1:1 n-pentane
and isopentane mixture (PM), and 4:1 methanol and ethanol mixture (MEM, a PTM with polarity),
are used. It is found that when either Ar or PM is used as PTM the PL peak of exciton related to the
direct K-K interband transition shows a pressure-induced blue-shift at the rates of 32 £ 4 and 32+1
meV/GPa, respectively, while it becomes up to 50 + 9 meV/GPa when MEM is used as PTM. The
indirect A—K interband transition presents almost no shift with increasing pressure up to
approximately 5 GPa when Ar and PM are as PTM, while it shows a red-shift at the rate of -17 + 7
meV/GPa by using MEM as PTM. The results reveal that the optical interband transitions of
monolayer WSe, are very sensitive to the polarity of PTM. The anomalous pressure coefficient for
polar PMT of MEM is ascribed to the existence of hydrogen-like bonds between hydroxyl in MEM
and Se atom under hydrostatic pressure.

[1] Y. X. Ye, X. M. Dou, K. Ding, D. S. Jiang, F. H. Yang and B. Q. Sun, Nanoscale, 2016, 8, 10843-
10848.
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Inducing the luminescence of quenched Ce’* centres in gadolinium gallium
garnet by high pressure.
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In this work we present results of spectroscopic measurements (photoluminescence spectra,
luminescence decay kinetics) of Gd;ALGa;0,,:Cr’" (GAGG:Ce™) and Gd;Gas0,,:Ce’* (GGG:Ce’")
garnets performed under high pressure up to 30 GPa and across temperatures from cryogenic up to
above RT as well as measurements of photocurrent excitation spectra (PCE).

In the Gds(AlLGa)sO,:Ce™ mixed garnets, the presence and efficiency of the typical Ce’*
luminescence (related to transitions between the excited states of 5d' configuration and states of the
ground configuration 4f') strongly depends on the AlVGa ratio, and gradually deteriorates with
increasing gallium content up to a point of total quenching of luminescence in GGG:Ce’*. The reason
of this effect is a gradual lowering of the energy of the edge of conduction band (CB) with increasing
Ga content. This in turn diminishes the energetic distance between the 5d excited states of Ce’* and
CB leading to gradual increase of the probability of thermally assisted autoionization — transfer of
electron from Ce’* to the conduction band. This leads to progressively smaller activation energy value
for nonradiative quenching of luminescence, down to essentially zero for pure gallium sample —
GGG:Ce’* where all of the 5d states are virtually degenerated with CB, leading to no observable
luminescence regardless of temperature. The existence of autoionization quenching mechanism was
verified by photocurrent excitation (PCE) spectroscopy measurements of Gd3(A1,Ga)5012:Ce3+. In the
PCE spectra, bands related to optical transitions between 4f and 5d states were detected confirming
that excitation of Ce’* leads to transfer of electron to the CB.

For the GGG:Ce™" sample under the influence of high hydrostatic pressure in the DAC, we have
observed that the Ce’* luminescence in GGG becomes visible around 2 GPa and increases in intensity
as the pressure increases. This result indicated that the edge of the CB shifts towards higher energy
with respect to Ce’* levels, effectively exposing the initially degenerated excited states of Ce’* from
the conduction band. In the next step, measurement of luminescence decay kinetics of the GGG:Ce’”
sample with respect to temperature and pressure were performed by means of time resolved emission
spectroscopy. For each investigated pressure, the temperature dependence of luminescence decay time
allowed to determine the activation barrier for nonradiative quenching, which is the distance to the
edge of the CB. Therefore, pressure dependence of the Ce’" - CB energetic distance has been
obtained.

From the obtained spectroscopic measurement results under high pressure (PL emission energy,
activation energy for autoionization) a detailed discussion of the location of ground and excited states
of Ce’* with respect to CB, as well as its pressure dependence shall be provided. The combination of
experimental data of time resolved emission spectroscopy measurement at high pressure and
temperature dependent PCE allowed to present a kinetic model of relaxation of excited Ce’* centres in
GGG:Ce™ and GAGG:Ce™ host. The model takes into account both radiative and nonradiative
processes, involving deexcitation path related to transitions to impurity trapped exciton (ITE) state as
the main luminescence quenching mechanism. The fact that the photoluminescence of GGG:Ce’”
appeared at elevated pressure, combined with the experimentally obtained pressure dependence of
Ce’* - CB energetic distance allowed to estimate the energy of the ITE to be ~600 cm™.
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Influence of high hydrostatic pressure on intraconfigurational transition in
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Inorganic hosts doped with lanthanide ions are known for their use in scintillators, phosphors
in fluorescent lamps, white LEDs and glow-in-the-dark materials. Recently, a lot of work has
been devoted to verifying the possibility of using such phosphors in the field emission display
(FED) technology and the medical phototheraphy and photodiagnostics.

Optical transitions occurring between the lanthanide ions localized states, can belong to the
4f* (f-f transition) or the 4f" and 4/"'5d electronic configurations (f-d transitions). The f-f
transitions are parity forbidden and result in the narrow excitation and emission bands, since
the electrons occupying the f orbitals are effectively shielded from the environment by the
completely filled 5s*5p° shells. In contrast, the parity allowed f-d transitions with typical
broad bands are strongly affected by the crystalline environment. This type of transition is
most common for Ce’” and Eu®" doped compounds.

The energy of the 4f*'5d electronic configuration states of lanthanide ions in relation to the
energy of free ion is reduced by the depression energy. The depression energy is a sum of the
energy of the centroid shift related to the change in ligands polarization accompanying the
transition of an electron from f to d shell and the energy of the crystal field splitting. In the
ligand- field polarization model the depression is proportional to R whereas the energy of the
crystal field splitting is proportional to R, where R is central ion-ligands distance.

Since applying high pressure causes the reduction of bond lengths, and, as a consequence,
increase of the crystal field strength and the centroid shift, a strong pressure-induced red shift
of the luminescence related to the d-f transition is expected in the majority of cases. However,
in this study we will show the results of high pressure spectroscopic studies of inorganic
materials doped with lanthanide ions in which d-f transitions occur, while the value of redshift
of luminescence is negligibly small or even equal to zero.
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High Pressure Study of the Yellow Luminescence in Be-doped GaN
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Before realization of the p-type doping in gallium nitride by using magnesium, beryllium had been
taken into account as a natural candidate for such doping. However, so far no one was able to realize
p-type conductivity in such way. On the one hand, hybrid density functional calculations [1] have
shown that Be is a deeper acceptor (550 meV ionization energy) than Mg (260 meV ionization
energy), and that this is the fundamental reason why Be p-type doping is ineffective. On the other
hand it has been also suggested that with increasing doping level most of the beryllium is incorporated
into the crystal in the interstitial position. In such position beryllium acts as a donor not as an acceptor
[2]. Another model proposes that the nitrogen vacancies are responsible for self-compensations
mechanism in doped gallium nitride [3].

It is well known that GaN:Be possesses two luminescence bands; one at 3.38 eV and a second near
2.2 eV at an energy that is close to that of the parasitic yellow luminescence often existing in undoped
GaN crystals. In order to shed more light on this issue, we performed high hydrostatic pressure studies
of bulk, Be-doped gallium nitride crystals using the diamond anvil cell technique. We observed a
splitting of the yellow luminescence line under hydrostatic pressure into two components, one which
is strongly dependent on applied pressure and another whose pressure dependence is more modest.
Together with hybrid functional calculations, we attribute the strongly-varying component to the
beryllium-oxygen complex. The second component of the yellow luminescence possesses very similar
pressure behavior to the yellow luminescence observed in undoped samples grown by the same
method, behavior which we find consistent with the Cy acceptor. At higher pressure, we observe the
vanishing of yellow luminescence and a rapid increase in luminescence intensity of the UV line. We
explain this as the pressure-induced transformation of the Be-O complex from a highly localized state
with large lattice relaxation to a delocalized state with limited lattice relaxation, also observed in
positron annihilation experiment as a function of temperature [4].

[1]1J. L. Lyons, A. Janotti and C. G. Van de Walle, Jpn. J. Appl. Phys. 2013, 52, 08JJ04-1-5.

[2] J. Neugebauer and C. G. Van de Walle, J. Appl. Phys. 1999, 85, 3003-3005.

[3] J. Buckeridge, C. R. A. Catlow, D. O. Scanlon, T.W. Keal, P. Sherwood, M. Miskufova, A. Walsh,
S. M. Woodley and A. A. Sokol, Phys. Rev. Lett. 2015, 114, 016405-1-5.

[4] F. Tuomisto, V. Prozheeva, I. Makkonen, T. H. Myers, M. Bockowski and H. Teisseyre, Phys. Rev.
Lett. 2017, 119, 196404-1-5.
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Electronic aspects of adsorption at semiconductor surfaces: the
equilibrium pressure, growth and doping
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It is shown that the adsorption at semiconductor surfaces entail the change of their electronic
properties, including the number of states, their energy and occupation. Thus during the process the
electron may be shifted between the states, both decreasing or even increasing the energy which
contributes to the energy balance, i.e. it affects the adsorption energy. The effect may change the
adsorption energy by several electronvolts. The effect persist for the Fermi energy pinned by specific,
partially filled surface states. When the electron transfer is not possible, i.e. the surface states are fully
empty of fully occupied, that occurs for specific coverage of the surface, the Fermi level is no longer
pinned, that entails the sudden change of the adsorption energy. That is associated by the change of the
equilibrium pressure over the surfaces by several orders of magnitude. The span is so large that the
typical growth proceeds in the situation that the Fermi level is not pinned, it is dependent on the Fermi
level in the bulk, i.e. the doping. The presented examples include adsorption of hydrogen, ammonia and
nitrogen at GaN(0001) and AIN(0001) metal surfaces. Parallel results were obtained nitrogen terminated
GaN(0001) surface. Similar results are shown for Si adsorption at SiC(0001) Si-polar surface. Thus the
effect is universal, it occurs for majority of the growth processes. The electronic properties may be
easily affected by presence of other species at the surface, affecting the electric charge balance. Thus
the effect may explain surfactant influence on the growth and doping of semiconductor crystals and
layers.
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We present a new strategy for the search for the minimum energy pathway for structural
transformations in high pressure crystalline solids. The methodology does not require the assumption
of a prior reaction coordinate. Random pathways were chosen based on the known atomic
coordinates of the initial and final structures and improve iteratively using a global optimization
scheme based on the particle-swarm optimization procedure [1]. We verified this procedure on
several known structural transformations and applied it to explore the transition states of the
successive high pressure transformations in Si and the more complex face-center-cubic to cI16 phase
transformation of Li at high pressure. Applications on several mineral systems will be illustrated.

[1] K. Yin, P. Gao, X. Shao, N. Gao, H. Liu, J. Lv, J.S. Tse and Y. Ma, submitted for publication.



Tu4.3
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phase in IV-VI monochalcogenides and its origin
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(1) Materials Engineering Department, Ben-Gurion University of the Negev, Beer-Sheva 84105,
Israel
(2) Ilse Katz Institute for Nanoscale Science and Technology, Ben-Gurion University of the
Negev, Beer-Sheva 84105, Israel

The rhombohedral monotellurides, GeTe and SnTe, are non-centrosymmetric materials with
ferroelectric behavior and potential applications in thermoelectricity and spintronics. In a previous
computational study, it was found that the rhombohedral phase may also be the thermodynamically
most stable phase in SnSe and GeSe at low temperatures. In the present study, we explore the
mechanical and thermodynamic stability of the rhombohedral phase in these systems and its
enhancement as a function of pressure and temperature using density functional theory calculations.
Within the region of stability, we examine the structure, bonding and physical properties of the
rhombohedral phase. This phase is a distorted rock-salt phase forming a non-spherical lone-pair
with an opposite directionality to the chemical bond. The monochalcogenides in this phase exhibit
ferroelectric behavior, and we calculate the electric polarization. Finally, the transition from a
rhombohedral to rock-salt phase at high pressures is examined and found to be second-order at zero
Kelvin.
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Uri Argaman, Ran E. Abutbul, Elad Segev and Guy Makov, CrystEngComm, 2017, 19,6107
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Thanks to the advent of nanopolycrystalline diamonds!! usable as anvils in diamond anvil cells we
could measure on the same set-up (SAMBA beamline, Synchrotron SOLEIL) under the same conditions
X-ray absorption spectroscopy (XAS) and X-ray diffraction (XRD) to study the behavior of the
molecular semiconductors Snls and Gels at high pressures. Reverse Monte Carlo (RMC)? and
traditional XAS analysis have been applied and XRD data has been used to provide lattice parameters
and detect phase transitions.

In these molecular compounds Sn(Ge) is localized at the center of I4 tetrahedron. Under pressure
they exhibit reversible pressure induced amorphization (PIA)B4, accompanied by metallization. The
mechanism proposed to explain the transformation is a charge transfer from intramolecular bonds
(Sn(Ge)-I) to intermolecular bonds (I-I). At ambient pressure these compounds crystallize in a cubic
structure with the molecules interacting through Van der Waals forces. At high pressure, charge transfer
leads to the creation of Sn(Ge)-I-I-Sn(Ge)-I chains®® and conductivity increases. Such mechanism can
effectively explain the amorphization and the metallization, but it has not been fully demonstrated due
to the lack of crystallographic information.

In Snl4, XRD data indicate a progressive amorphization that takes place above 15 GPa. EXAFS
reveals a more complex picture where Sn-I compression is followed by expansion and splitting in two
sub shells. RMC XAS fitting was used to analyze the complex coordination scheme around the iodine
atoms. From radial distribution functions we observe the approach of I atoms of different Snl4 tetrahedra
and the formation of I-I bonds. Between 10 and 15 GPa a redistribution of the number of intra and inter
I-1 bonds is observed, until they become equivalent, while Sn-I and I-I distributions remain different
even after amorphization.

Our results are in agreement with the model proposed by Pasternak and Taylor!*! (creation of chains
of linked Snly tetrahedra), and provide a new understanding on this process of amorphization. Snls
results will be compared to those recently obtained on the isomorphic Gels.

[1] T. Irifune, ef al., Nature 421, 599 (2003); K. Matsumoto, et al. J Phys. Soc. Jpn. 80, 023709 (2011); N.
Ishimatsu, et al., J. Synchr. Rad. 19, 768 (2012)

[2]J. Timoshenko, A. Kuzmin, and J. Purans, J. Phys. Condens. Matter 26, 055401 (2014).

[3] A. L. Chen, P. Y. Yu, M. P. Pasternak, Phys. Rev. B 44, 2883 (1991).

[4] M. Pasternak and R. D. Taylor, Phys. Rev. B 37, 8130 (1988).

[5] M. P. Pasternak et al., Phys Rev Lett 72, 2733 (1994).
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Order-Disorder Phase Transition from 8-O to a-T boron
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Crystalline boron is the last monatomic system for which the phase diagram is not fully determined
yet. Among many allotropes of boron, the tetragonal phase is a particularly confusing phase.
Theoretically, a-T boron with the B composition 52 (a-T-Bs,) is predicted [1]. Several HPHT
syntheses of a-T-Bs, were reported. Surprisingly, in spite of similar conditions of preparations, all the
reported structures are more or less different. A theoretical study by Uemura et al/ has identified the
characteristic features of pure a-T-Bs, [2]. Based on this study, now it is almost certain the existence
of a-T-Bs, at high pressures and high temperatures.

Recently, Ekimov et al synthesized hydrogenated o-T-Bs,H, by a thermal decomposition of
decaborane by HPHT method, with the initial H content being m=7.7 [3]. Afterwards they annealed
the crystals at ambient pressure and observed two phase transitions as 7 was raised. At 7,1=450°C, m
reduced to 4.7, and at T,,=700°C hydrogen was fully released. During the second step, the tetragonal
lattice underwent a transition to an orthorhombic lattice (called 5-O-Bs;). In this paper, we focus on
the transition from a-T-Bs; to 3-O-Bs,. This transition casts a new light on the stability of a-T-Bs,.

The structure of 6-O-Bs; is a slightly distorted variant of a-T-Bs,: four icosahedra By, are almost
the same with a small lattice distortion of Aa/a=1.4%. Our calculation shows the energy gain by
transforming to 8-O-Bs, is small, 2meV/atom. There is no energy barrier, so that o-T-Bs, should
spontaneously transform to 6-O-Bs,. Why were there no experiments reporting this transition?

The clue for answering this question is the interstitial atoms with partial occupancy: especially the
half occupied 4c sites. The origin of the orthorhombic distortion occurs only when two atoms at 4¢
sites are ordered in the zigzag arrangement. These two 4c¢ atoms are randomly distributed in the as-
grown crystals of HPHT methods. It turned out that 8-O-Bs, is the ordered structure with respect to
two 4¢ atoms and stable at low 7, whereas a-T-Bs; is a disordered variant of 6-O-Bs, and is stable the
high 7. Hence the transition can be regarded as the order/disorder transition. Our calculation shows the
transition temperature as 7,4 =1300K. However, in view of the high temperature of the synthesis, it is
difficult for 6-O-Bs, to grow. Then, the next question arises is what makes it possible to obtain §-O-
Bs; in Ekimov's experiment. Usually, once the high-temperature phase is crystalized, the structure is
frozen in, and hence the low-temperature phase never appears. This is the case for all the experiments
except Ekimov's one. In Ekimov's case, although the pristine crystals had the T lattice, hydrogen
atoms must have special role. The hydrogen-release temperature T,, is much lower than 7,4, so that the
strong affinity of causing the O lattice acts on the T lattice. However, there is an energy barrier to
prevent two 4c-site atoms from moving. The hydrogen release triggers the movement of B atoms so
arranged.

[1] W. Hayami and S. Otani, J. Solid State Chem. 183, 1521 (2010).
[2] E. A. Ekimov, et al.,J. Mater. Res. 31,2773 (2016).
[3] N. Uemura, K. Shirai, H. Eckert, and J. Kunstmann, Phys. Rev. B 93, 104101 (2016).
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Pressure-induced order-disorder transitions in hybrid perovskites
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Currently organometal halide perovskites are among the most promising materials for solar cells
technology. Indeed the efficiency of devices based on these materials has been pushed well beyond
20% in a few years as a result of increasing research efforts aimed to optimize properties like long
diffusion length, largely tunable bandgap and high absorption coefficients. Nevertheless, high-pressure
studies of these hybrid perovskites are scarce despite knowledge of the effects induced by volume
compression on the structural and optical properties is crucial to develop a focused strategy for
improving performances of known compounds or searching for new materials [1,2]. In particular, it
has been recently shown that a long diffusion length, crucial for photovoltaic application, results from
polaronic conduction due to a liquid-like behavior of the organic cations within the inorganic
perovskitic cage [3].

We investigated optical and structural properties of several methylammonium (MA) lead halide
perovskites (MAPbX; with X= Cl, Br, I) under high-pressure [4-5]. These systems show a common
behavior on increasing pressure: the organic cations are freely rotating at low pressure, then freeze
within a crystal order and, on further increasing pressure, enter in an apparently amorphous phase
where the organic molecular structure is however preserved (Figure 1). On releasing pressure, the
systems show an almost complete reversibility. A comparison of the pressure effects and of the PT
phase diagrams obtained in compounds with different halogens, enabled us to identify a common
scheme for the observed behavior, where a key role is played by the hydrogen-bond whose strength
can be tuned by compressing the perovskitic cage around the organic cation.
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Figure 1: Pressure evolution of organic cation ordering

[1] P. Postorino, L. Malavasi MRS Bull. 2017,42, 718

[2] P. Postorino, L. Malavasi, J. Phys. Chem. Lett. 2017, 8, 2613

[3] H. Zhu, K. Miyata, Y. Fu, J. Wang, P.P. Joshi, D. Niesner, K. W. Williams, S.Jin, X. =Y. Zhu,
Science 2016, 353, 1409

[4] F. Capitani, C. Marini, S. Caramazza, P. Postorino, G. Garbarino, M. Hanfland, A. Pisanu, P.
Quaderelli, L. Malavasi, J. App. Phys. 2016, 119, 185901

[5] F. Capitani, C. Marini, S. Caramazza, P. Dore, A. Pisanu, L. Malavasi, L. Nataf, F. Baudelet, J.B.
Brubach, P. Roy; P. Postorino, J. Phys. Chem. C 2017, 121, 28125
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Molecular-level chain conformations and intermolecular self-organization are essential parameters for
controlling transport and optical emission in m-conjugated oligomers/polymers. Fundamentally
important are also other levels in the solid state structure - from intramolecular details to the complex
polymer hierarchies and macroscopic anisotropy. Hydrostatic pressure is an elegant tool to enhance
intermolecular interactions in m-conjugated systems and influence their molecular geometry without
any chemical intervention. Over the past decade, high pressure optical spectroscopy using a diamond
anvil cell (DAC) has been highlighted in a variety of m-conjugated blue-emitting polymers and
molecules. These studies have emphasized the differences in singlet versus triplet excitons [1],
changes in backbone conformation deduced from optical measurements [2], and several other
attributes of the tuning properties of pressure on conjugated molecules/polymers [3].

Although optical spectroscopic studies of polyfluorenes (PFs) under high pressure have been carried
out over the last decade, they lacked concomitant structural information due to the difficulties in X-ray
scattering measurements through a DAC for soft materials. In the recent years, we have taken steps in
this area with new synchrotron sources and development towards soft materials with changes in
experimental designs and data analysis. X-ray data have confirmed the planarization of backbone
predicted by optical studies and further provide insights into the intermolecular order as a function of
pressure and molecular weight [4,5]. In this presentation, we will highlight our recent work on ethyl-
hexyl substituted PF under pressure.

[1] K. Paudel, D. Moghe, P. Yu, M. Chandrasekhar, S. Ramasesha, U. Scherf, and S. Guha, EPL 104,
27008 (2013).

[2] K. Paudel, H. Knoll, M. Chandrasekhar, and S. Guha, J. Phys. Chem. A 114, 4680 (2010).

[3] M. Knaapila and S. Guha, Rep. Prog. Phys. 79, 066601 (2016).

[4] M. Knaapila, M. Torkkeli, Z. Konopkova, D. Haase, H-P. Liermann, U. Scherf, and S. Guha
Macromolecules 46, 8284 (2013).

[5] S. Guha, M. Knaapila, D. Moghe, Z. Konopkova, M. Torkkeli, M. Fritsch, and U. Scherf, J. Poly
Science: Polymer Physics B 52, 1014 (2014).
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Semiconducting light-emitting materials based on conjugated (macro-)molecules possess enormous
technological potential owing to low-cost large-area solution-based processing and the possibility of
tuning the spectral properties by chemical modification. Despite recent progress, several obstacles
remain, e.g., the decrease of luminescence efficiency and spectral purity upon degradation under
ambient conditions, thus motivating further pursuit of high-performance materials.

Here we report the first instance of synthesis and characterisation of luminescent derivatives of the so-
called Magnus’ Green salt (MGS) [1] — a quasi-1D semiconductor comprising a linear chain of Pt
atoms substituted with organic ligands. The resultant coordination compounds, termed ‘M-
cyanoplatinates’, have the general formula [Pt(NH,L),][Pt(CN),)], where L is an alkyl group. Unlike
MGS, M-cyanoplatinates can be solution-processed into thin films. Using ‘matrix-assisted’ assembly
we show that their luminescent properties are enabled by the stacking of anion-cation dimers into 1D
chains. The luminescence of M-cyanoplatinates is found to be remarkably stable, even following
thermal annealing in air at 200 °C. M-cyanoplatinates thus represent a promising new strategy for
stable next-generation light-emitting materials.

We also report the use of photoluminescence (PL) and Raman spectroscopy at varying hydrostatic
pressures (up to 9 GPa) in order to elucidate the relationship between intra- and inter-chain
microstructure of M-cyanoplatinate films and the resulting optical properties. Notably, such analysis
allows the spectrally-overlapping, simultaneously-occurring radiative decay processes to be resolved.
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Figure 1: Pressure dependence of the luminescence properties of [Pt(NH,L)4][Pt(CN),)], where L = 6-
methylheptyl. (a) Evolution of peak maxima in the PL spectra. Solid and open symbols correspond to data
recorded at increasing and decreasing pressures, respectively. Dashed red lines are a guide to the eye. (b)
Representative PL spectra recorded at the indicated pressures. Solid black lines: actual data; dotted lines:

Gaussian fitting peaks; solid red lines: sum fits. The spectra are peak-normalised for clarity.

[1] W. R. Caseri, Platinum Metals Rev. 2004, 48, 91-100.
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Two-dimensional atomic crystals, such as graphene, hexagonal boron nitride, and transition metal
dichalcogenides (TMDCs), have attracted considerable attention because of their unique
electrical, optical, and mechanical properties.The last class of materials is especially interesting
for the next generation of electronic and optoelectronic devices because in contrast to graphene,
TMDCs are semiconductors with a nonzero bandgap. Among them, molybdenum disulfide,
MoS;, has been the most intensively studied. 2H.- MoS2 has Ps3/mmc space group symmetry and
consists of a hexagonal plane of Mo atoms sandwiched by two hexagonal planes of S atoms. The
unit cell contains two alternating layers with an AB stacking along the c axis. In the bulk, it is a
semiconductor with a direct (indirect) band gap of 1.96 ¢V (1.2 V) at 300K. In this work Raman-
scattering spectra of 2H.-MoS, were measured at room temperature under hydrostatic pressures
up to 30 GPa, in diamond anvil cells. In order to get a deeper insight into the lattice dynamics of
2H.-MoS2, we performed measurements in a backscattering geometry with a resonant (Er= 1.92
eV) and a non-resonant excitation (Er= 2.54 eV). From the results we have estimated the pressure
dependence of the multiphonon resonant Raman scattering process involving the LA(M) and the
TA(M) and/or ZA(M) phonon replicas of vibrational modes from M points of the Brillouin zone.
At about 22 GPa we have observed a splitting in the frequencies of the £, and E’5, first order
modes and also a small discontinuity in the 2LA(M) mode. In this pressure range simulations
predict a structural phase transition,where the original 2H, stacking changing to 2H, stacking
typical of 2H-NbSe;, through layer sliding [1]. This first order transition has also been observed
by X-ray diffraction and electrical measurements under presure [2]. From FTIR measurements
under pressure we observe the semiconductor to metal electronic phase transition at about 65 GPa.
The ab-initio calculations allow us to estimate that the indirect gap becomes zero at pressures of
the order of 25 GPa, a value that is lower than that obtained experimentally.

[1] Liliana Hromadova, Roman Martonak, and Erio Tosatti., Phys, Rev. B, 87, 144105 (2013).
[2] Zhen-Hua Chi, Xiao-Miao Zhao, Haidong Zhang, Alexander F. Goncharov, Sergey S.
Lobanov, Tomoko Kagayama, Masafumi Sakata, and Xiao-Jia Chen, Phys. Rev. Lett, 113,
036802 (2014)
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Pressure is a three-dimensional concept. When applied to low dimensional systems there is a general
trend towards system dimensionality increase. Such evolution can manifest in very different ways
involving either bond reconstruction, nanostructure fragmentation or geometrical changes. The
prototypical case of nanoscale high pressure dimensional modification is fullerene polymerization under
extreme conditions. Here we will concentrate on less obvious mechanisms leading to dimensionality
evolution in nanomaterials. We will for this consider the high pressure behavior of fullerites, carbon and
h-BN nanotubes and graphene in different environments.

After considering the generalization of the fullerene (OD) polymerization mechanism for dimensionality
change in other 1D and 2D systems [1,2], we will review dimensionality modifications in
intercalated/filled nanosystems [3-5], 1D to 2D changes due to the geometrical evolution of carbon
nanotubes [6-8] and h-BN nanotubes [9] or 2D to 3D changes related to the interaction with the
environment of graphene and other 2D-systems [10-12].

Finally, the opportunities offered by dimensionality tuning for the development of pressure mediated
nano-engineering will be discussed including the case of nanocomposites [13]

] L. Chernozatonskii et al, Phys. Rev. B, 65, 241404R (2012)
] L.G.P. Martins et al, Nature Communications, 8, 96 (2017)

] W. Cui et al, Phys. Chem. Chem. Phys. 18, 19926 (2016)

1 W.Q. Neves et al, Carbon 133, 446 (2018)

] A.C. Torres-Dias et al., Carbon 95, 442 (2015)

] A.C. Torres-Dias et al. Carbon, 123, 145 (2017)

] T.F.T. Cerqueira et al., Carbon 69, 355 (2014)
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Dichalcogenides are known to exhibit layered solid phases, at ambient and high pressures, where
2D layers of chemically bonded formula units are held together by weak van der Waals forces. These
materials are of great interest for solid-state sciences and technology, along with other 2D systems
such as graphene and phosphorene. SiS, is an archetypal model system of the most fundamental
interest within this ensemble. Recently, high pressure (GPa) phases with Si in octahedral coordination
by S have been theoretically predicted [1] and also experimentally found to occur in this compound
[2]. At variance with stishovite in SiO,, which is a 3D network of SiOg4 octahedra, the phases with
octahedral coordination in SiS, are 2D layered. Very importantly, this type of semiconducting
material was theoretically predicted to exhibit continuous bandgap closing with pressure to a poor
metallic state at tens of GPa. I will present on the synthesis of layered SiS, with octahedral
coordination obtained in a diamond anvil cell at 7.5-9 GPa, by laser heating together elemental S and
Si at 1300-1700 K [3]. Indeed, Raman spectroscopy up to 64.4 GPa is compatible with continuous
bandgap closing in this material with the onset of either weak metallicity or of a narrow bandgap
semiconductor state with a large density of defect-induced, intra-gap energy levels, at about 57 GPa.
Importantly, our investigation adds up to the fundamental knowledge of layered dichalcogenides.

[1] D. Plasienka, R. Martonak, and E. Tosatti, Sci. Rep. 2016, 6, 37694.

[2] J. Evers, L. M"ockl, G. Oehlinger, R. Koppe, H. Schnockel, O. Barkalov, S. Medvedev, and P.
Naumov, Inorg. Chem. 2017, 56, 372.

[3] Y. Wang, S.-Q. Jiang, A. F. Goncharov, F. A. Gorelli, X.-J. Chen, D. Plasienka, R. Martonak, E.
Tosatti, and M. Santoro, J. Chem. Phys. 2018, 148, 014503.
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By removing interlayer interactions in layered materials, a new class of systems has emerged which
are characterized by two-dimensional (2D) electronic systems with rich physical properties that are
absent in their bulk counterparts and can be technologically exploited. Among the layered materials
studied so far, 2D single layers of transition-metal dichalcogenide (TMD) semiconductors such as
MoS,, MoSe,, WS,, and WSe, have raised a large interest for ultrathin optoelectronics and photonics
due to their direct band gap at the degenerate but not equivalent K and K’ points of the 2D Brillouin
zone and strong exciton luminescence. However, the fact that makes 2D TMDs unique is the
combination of strong spin-orbit interactions, broken inversion symmetry and time-reversal symmetry,
which leads to coupled spin-valley physics that opens the door to new valleytronic devices based on 2D
TMDs.

Valleytronic functionalities become possible due to the non-centrosymmetric nature of 2D TMDs.
Inversion symmetry is restored when they stack together in the most commonly available 2H polytype,
however, some recent spin-resolved photoemission results indicate that valence bands at K point in 2H-
MoS:; retain a high spin-polarized character in spite of its centrosymmetric nature [1,2]. In this work we
report results on the absorption coefficient measured in 2H-MoS, under pressure and band structure
calculations performed by density functional theory. By means of this high-pressure strategy, which
pursuits the enhancement of interlayer interactions, we show that not only valence bands of
centrosymmetric MoS, at K(K”) points point but also the conduction bands at these points, exhibit a
large spin-polarization. Moreover, our results indicate that the spin-arrangement of conduction band
states of MoS, at K-point opposes to that observed in tungsten-based TMDs. We discuss these results
and their consequences for the bright/dark nature of excitons and the search of single-photon emitters
in 2D TMDs.

[1] J. M. Riley, F. Mazzola, M. Dendzik, M. Michiardi, T. Takayama, L. Bawden, C. Granergd, M.
Leandersson, T. Balasubramanian, M. Hoesch, T. K. Kim, H. Takagi, W. Meevasana, Ph. Hofmann, M.
S. Bahramy, J. W. Wells, and P. D. C. King, Nat. Phys. 2014, 10, 835-839.

[2] E. Razzoli, T. Jaouen, M.-L. Mottas, B. Hildebrand, G. Monney, A. Pisoni, S. Muff, M. Fanciulli,
N. C. Plumb, V. A. Rogalev, V. N. Strocov, J. Mesot, M. Shi, J. H. Dil, H. Beck, and P. Aebi, Phys. Rev.
Lett. 2017, 118, 086402.
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Resonance Raman scattering has been widely used to study electronic band structures and to
investigate the nature of electron-phonon interactions in semiconductors. A key issue in those studies
is the role played by intermediate exciton states. We previously [1, 2] demonstrated how Raman
scattering of bulk 2H-MoS; is resonantly tuned by pressure and temperature - shifting of the excitons
energies, towards that of the exciting laser. Here [3] we extend our study to Inorganic Fullerenes (IF)
of MoS; and find fundamentally different behavior: No resonant Raman for IF-MoS; (Fig. 1) for first
and second -order Raman transitions.

Intensity (arb. units)

2H-MoS;

IF-MoS;

T T T v
-40 -20 0 20 40
Raman Shift (cm'1 )

Figure 1: TEM of IF of MoS, (left); Shear mode Raman scattering in the bulk and its absence in the IF (right)

Limits on the use of excitons as intermediate state in the scattering process concern, among other
aspects, their lifetime. We attribute this different behavior to structural effects that reduce the exciton
lifetime: the relative abundance of defects and the random nature of the trigonal prismatic MoS,
layers [4].

Incommensuration of the layers, which is naturally more pronounced at small particles that are more
curved, produces shifts of the layers relative to their adjacent layers and prevents the formation of a
pure 2H or 3R symmetry [4]. The random stacking and incommensurate and “interlocked” nature of
the IF structure is argued to be the origin of the hindrance of the shear movement (Fig. 1) that we
demonstrate in our IF Raman study and the absence of sliding of the layers for 2H.-2H,
transformation, that is known to appear at pressures higher than 16 GPa in the bulk 2H-MoS, [1].

We will present the pressure and temperature dependent Raman scattering and compare the resonant
response of the IF system to that of the bulk of 2H-MoS,. The effect of structural damage and the IF
“interlocked” nature on the Raman spectra, will also be discussed.

[1] T. Livneh and E. Sterer, Phys. Rev. B 2010 81, 195209.
[2] T. Livneh T.,J.S. Reparaz and A. Goni, J. Phys: Condens. Matter. 2017, 29, 435702
[3] T. Livneh, E. Sterer, R. Rosentsveig, in preparation.

[4] L. Houben, A. N. Enyashin,Y. Feldman, R. Rosentsveig, D. G. Stroppa, and M. Bar-Sadan,
J. Phys. Chem. C ,2012, 116.
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We report a joint experimental and theoretical study of the structural, vibrational, elastic, optical and
electronic properties of the layered high-mobility semiconductor Bi,O,Se [1] at high pressure by means
of X-ray diffraction, Raman scattering and optical absorption measurements combined with ab initio
theoretical calculations. We report a complete and detail description of its structural, vibrational and
optical properties of Bi,O,Se under compression. The good agreement between experiments and
calculations allows providing accurate equation of state, Raman-active mode frequencies and pressure
coefficients as well as the optical bandgap of the material. Both Raman-active modes and optical
bandgap are described consistently in this material at room pressure for the first time. Bi»O,Se shows a
remarkable structural stability up to 30 GPa, unlike other Sillén-type compounds [2], which undergo a
tetragonal to collapsed tetragonal pressure-induced phase transition at relatively low pressures, and
unlike their parents Bi»O; [3,4] and Bi,Ses; [5], which undergo several first- and second-order phase
transitions at low pressures. Noteworthy, Bi,O,Se exhibits considerable electronic changes around 4
GPa, likely related to the progressive shortening and hardening of the long and weak Bi-Se bonds linking
the Bi»O; and Se atomic layers. Our understanding of Bi,O,Se under compression could help to improve
the electronic and thermoelectric properties of compounds based in this interesting compound and help
to understand the behavior of other Sillén-type compounds under compression and in general that of
layered materials lacking van der Waals forces between their layers.

[1]J. Wu et al. Nat. Nanotech. 2017, 12, 530 - 534.

[2] A.S. Sefat, Rep. Prog. Phys. 2011, 74, 124502 - 124516.

[3] A.L.J. Pereira et al. J. Phys..: Condens. Mat. 2013, 25, 475402.
[4] A.L.J. Pereira et al. J. Phys. Chem. C 2014, 118, 23189 - 23201.
[5] R. Vilaplana et al. Phys. Rev. B 2011, 84, 184110.
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Graphene and other low-dimensional crystals present an intrinsic mechanical strength approaching
the theoretical strength predicted by Griffith in 1921 for a defect-free crystal [1]. This brings the
possibility for a gigantic tuning of physical properties using mechanical stress.

High pressure techniques allow obtaining large mechanical strains in graphene sheets deposited on
substrates. In our experiments, supported graphene is loaded in a pressure transmitting medium (PTM)
within a diamond anvil cell (DAC) pressure apparatus. The compressive strain in the graphene sheet
arises from the volume reduction of the bulk substrate — which is governed by its equation of state [2].
Recently, it has been shown that this transfer takes place with a certain efficiency depending on the
roughness of the substrate, its adhesive character and the rigidity of the 2D system [3-5]. However, the
effect of the PTM on the mechanical response of graphene layers under pressure can be large, and it is
difficult to dissociate it from the substrate mechanical contribution. In the case of n-layer systems with
n > 2, the higher bending rigidity of the graphene system leads to a loss of conformation and adhesion
on the substrate with the consequent reduction of mechanical efficiency transfer [6].

Here we studied turbostratic bi-layer samples under high pressure, which preserves the graphene
high mechanical sensitivity to the substrate and the PTM — with a weaker coupling between the two
layers compared to the case of a Bernal stacking. The strain in graphene sheets is measured by in situ
Raman spectroscopy. The sensitive in-plane E2g phonon (G band) energy is used to monitor the
lattice distortion. The bottom graphene sheet presents carbon natural isotopic abundance, while the top
layer is enriched in "*C. This setup allows separating the signals of the two graphene sheets: one in
contact with the PTM and one in contact with the substrate. Different G band energy shift with
pressure are observed for the two layers, which indicates a mechanical decoupling between the two
adjacent graphene sheets.

Our results are discussed in terms of the different compressibilities of the various elements of the
system (the substrate and the PTM), as well as the adhesion of graphene to these surfaces. We show
that graphene presents a very high sensitivity to the nature of the PTM (essentially through its volume-
pressure equation of state) and to the phase transitions observed in the PTM with increasing pressure
(crystallization, phase transitions).

[1] C. Lee, X. Wei, J. W. Kysar et al., 2008, Science, 321, 385-388.

[2] J. E. Proctor, E. Gregoryanz, K. S. Novoselov et al., 2009, Phys. Rev. B, 80, n°7.

[3] C. Bousige, F. Balima, D. Machon et al., 2017, Nano Lett., 17, n°1.

[4] R. S. Alencar, K. D. A. Saboia, D. Machon et al., 2017, Phys. Rev. Materials, 1, n°2.
[5] D. Machon, C. Bousige, R. Alencar et al., 2017, J. Raman Spectrosc., 49, 121-129.
[6] J. Nicolle, D. Machon, P. Poncharal et al., 2011, Nano Lett., 11, n°9.
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The performance of a thermoelectric material is determined by dimensionless thermoelectric figure
of merit ZT=S2cT/k, in which S is the Seebeck coefficient, ¢ is the electrical conductivity, k is the
thermal conductivity. Many investigations have demonstrated that low-dimensional thermoelectric
materials have higher thermoelectric performances than their bulk form and can be widely used for
thermoelectric applications. This is because the modifications of their electronic structure compared to
bulk material can enhance ¢ and S simultaneously and their lower dimensions will increase the phonon
scattering and hence decrease the lattice thermal conductivity. As bismuth is the one of the best
thermoelectric materials for Peltier cooling, we hope to improve its properties by designing bismuth
nanowires (low-dimensionality) for which large enhancement of the thermoelectric properties have been
predicted" 2. Porous materials such as silica nanotubes are ideal for designing a network of nanowires
because silica nanotubes present a multiwall nanotube structure with an outer diameter of 30 - 35 nm
and inner diameter of 4 - 6 nm. In our study, silica nanotubes were obtained from chrysotile fibers treated
with nitric acid. Bi nanowires with exceptional properties can be obtained in nanotubes by inserting
liquid Bi at an external pressure larger than the critical pressure related to the surface tension of the
metal and the pore diameter by the Laplace equation. A semimetal-semiconductor transition of Bi can
be also induced by the quantum confinement of the electron in nanowires with the diameter below 50
nm’.

In order to obtain such a nanocomposite, solid bismuth and silica nanotubes were loaded in a
resistively heated, diamond anvil cell. The pressure was increased to 0.5 GPa and the bismuth was
melted at high temperature, then the liquid Bi was inserted in the nanotubes by increasing the pressure
to 2.4 GPa at temperatures around 550 K. Then, these micrometer-sized recovered samples from
rhenium gasket were characterized using transmission electron microscopy. The TEM image indicates
that the silica nanotubes were filled with 4nm diameter Bi nanowires (figure 1). We will extend our
study to measure S, ¢ and « of this nanocomposite obtained under HP-HT conditions in the near future.

Figure TEM image of a Bi nanowire in a silica nanotube obtained under HP-HT conditions

1. Kim, J., Shim, W. & Lee, W. Bismuth nanowire thermoelectrics. Journal of Materials Chemistry C 3, 11999-12013
(2015).

2. Sun, X., Zhang, Z. & Dresselhaus, M.S. Theoretical modeling of thermoelectricity in Bi nanowires. Applied Physics
Letters 74, 4005-4007 (1999)
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Since 1906, when Lyman first recorded Hydrogen’s spectral signature, the understanding of this
fundamental measurement has been key in the early development of quantum mechanics. Additionally,
hydrogen is an archetypal system giving insights into more complicated structures of matter, particularly
molecules, and therefore experimental endeavors to accurately extend its phase diagram are essential.

In diamond anvil cell the pressure can be measured either optically e.g. ruby fluorescence or by x-
ray diffraction [1,2]. However, both methods have serious limitations above 200-250 GPa which could
lead to the significant discrepancies between different experiments. Recently, the frequency of hydrogen
vibrational mode at 300 K was proposed as the gauge to compare the compression state of hydrogen
between different experiments even though the absolute pressure might not be known [3].

On the other hand, temperature metrology is generally based on the response of a thermocouple in
the resistive heating or black body radiation emitted by the hot coupler typically used with transparent
materials e.g. hydrogen in the laser heating experiments. In the former, the temperature readings depend
on the gradient of temperature within the anvil and the distance between the sample and the
thermocouple [4,5]. while in the latter the temperature of the sample could differ from that of the coupler
[6]. An ideal diagnostic tool could be the Raman thermometry, using the spectral response of hydrogen
itself as marker.

I will present our Raman experiments on liquid hydrogen and deuterium in a wide temperature range,
from 100 K up to 1000 K, employing cryostat and resistive heating technologies. High quality Raman
spectra were collected, and temperatures were deduced from the intensities of the rotational modes and
compared to those obtained from the thermocouple. I will discuss the advantages, dis-advantages and
limitations of this method.

References:

[1] H. K. Mao, P. M. Bell. Science, 1976, 191, 851-852,

[2] Y. Akahama, H. Kawamura, J. Appl. Phys. 2006, 100, 043516.

[3] R. T. Howie, E. Gregoryanz, A. F. Goncharov J. Appl. Phys., 2013, 114, 073505.

[4] C. S. Zha, H. Liu, J. S. Tse, R. J. Hemley, Phys. Rev. Lett. 2017, 119, 075302.

[5] R. T. Howie, P. Dalladay-Simpson, E. Gregoryanz, Nat. Materials, 2015, 14, 495.
[6] M. Santoro, J.F. Lin, H. K Mao, R. J. Hemley, J. Chem. Phys, 2004, 121, 2780-2787.
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The elemental hydrogen under compression has been an alluring topic in the high-pressure
sciences for several decades. Despite numerous theoretical and experimental studies recently ' |
most of them are focused on the ultrahigh pressure, there are less studies at the area of middle
pressures and low temperatures where phase II existed. Phase II is important to understand the dense
hydrogen and other isotopes*’, and also there are several outstanding problems remain in this area,
such as the structure of phase I, the influence of the isotopic mass difference, quantum motion and
para-ortho equilibrium on the transition pressure to phases II and III, etc. In this report, we present in
situ high-pressure (0-200 GPa) low-temperature (4-300K) Raman data for both isotopes. The phase
transition line between phase I, II and III are revisited. The presence of a novel phase, phase II’, which
is unique to deuterium and distinct from the known phase I, is demonstrated. Furthermore, we also
present in situ high-pressure (0-200 GPa) low-temperature (4-300 K) Raman data of hydrogen-
deuterium mixtures, showing totally different behavior in “phase II” from that of pure hydrogen and
deuterium. The updated phase diagrams of hydrogen. deuterium and hydrogen-deuterium mixtures
demonstrate the difference between the isotopes at low temperatures and moderate pressures,
providing new information on the phase diagrams of them.

[1] Philip Dalladay-Simpson, Ross T. Howie, Eugene Gregoryanz, Nature 529, 63(2016).
[2] Ranga P. Dias and Isaac F. Silvera, Science 355,715 (2017).

[3] Chang-sheng Zha, et al., PRL 119, 075302 (2017).

[4] Lorenzana, H., Silvera I, Goettel K. Physical Review Letters 63, 2080 (1990).

[5] Cui, L., Chen, N. H., Jeon, S. J. & Silvera, I. F. Physical Review Letters 72, 3048 (1994)
[6] Mazin, L., et al.,Phys. Rev. Lett. 78, 1066-1069 (1997)

[7] Goncharov, A. F., et al., Physical Review B 54, R15590 (1996).

[8] Goncharenko, I. & Loubeyre, P. Nature 435, 1206-1209 (2005).

[9] G. Genetse et al., Physical Review Letters 109155303 (2012)
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The effect of hydrostatic pressure on pure and near-optimally doped superconducting La, Sr,CuQO,
compound (x=0.0 and 0.15) has been measured with synchrotron XRD using two pressure transmitting
media (methanol-ethanol and neon) at room temperature (RT) and 20 K. The data from the two media
deviate above ~7 GPa. For virgin La,CuQOy, there is a clear structural phase transition with hydrostatic
pressure and the compound passes from orthorhombic to tetragonal at roughly 3 GPa at RT while this
pressure is shifted to a much higher value (=10 GPa) at 20 K. Our hydrostatic pressure room-
temperature micro-Raman investigations on polycrystalline and single crystal of La,,Sr,CuO, for
various St concentrations revealed spectral anomalies that depend on the amount of doping. Figure 1
presents the variation with pressure of the La/Sr phonon width and shows that, contrary to the normal
behavior, it decreases with pressure up to ~3 GPa for low doping levels before starting increasing at
higher pressures. This apparent anomaly seems to depend strongly on the amount of Sr substitution
decreasing with x and disappearing at higher doping levels (Fig.1). Similar results, but to smaller
extend, have been observed for the frequency of the La/Sr phonon and the apical oxygen mode. Based
on these results we have performed synchrotron powder XRD measurements on the optimally doped
La; gsSr;sCuO4 using methanol-ethanol as pressure transmitting medium. We have found lattice
modifications at about the same pressure (~2-3 GPa) as presented in Figure 2 for the La-O(2) bond
length. This lattice anomaly and an unexpected increase of microstrains (Fig.2 inset) seem to be
related with the Raman measurements indicating that it is an intrinsic effect. This effect is not related
with any lattice disorder but most probably with the charge transfer as indicated by the variation with
pressure of the La-O(2) bond length.
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Figure 1 Pressure dependence of the La/Sr phonon Figure 2 Pressure dependence of La-O(2) bond
width at various doping levels of La,_,SryCuQOj,. length and microstrains (inset) for La, gsSrj ;sCuQOy.
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Transition metal dichalcogenides (TMDs) with MX, stoichiometry are layered materials formed by
stacking of two dimensional layers, commonly linked through weak Van der Waals interlayer
interactions (see Figure 1). Although TMDs have acquired during last years an extremely large
attention due to their interesting physical properties and phenomena [1,2], some materials remain still
scarcely studied. Currently, we are particularly interested on 1T-HfSe,, since, to our knowledge, no
high pressure studies have been reported in the literature. Additionally, recent first-principles
calculations suggest that HfX, materials are small band gap semiconductors with large work functions
and reasonable carrier mobility [3].

Figure 1. Crystallographic structure of 1T-HfSe»

In this study, we address the characterization of the crystallographic and electronic structure of 1T-
HfSe, under high pressure conditions. For this purpose, we have performed several synchrotron x-ray
diffraction experiments (XRD) at high pressure, as well as some other experiments completed in our
laboratory involving Raman spectroscopy, optical absorption measurements and DFT calculations.

As the analysis of XRD data reveals, pressure induces a structural phase transition in 1T-HfSe, at
around 12 GPa, also evidenced by the visible changes in the Raman spectra under pressure. By
combining experimental data from XRD experiments and DFT calculations, we have been able to
identify the high pressure phase as a baddeleyite structure.

Additionally, optical absorption spectra were acquired at high pressure, allowing us to determine
the band gap value and follow its pressure dependence. 1T-HfSe, shows an indirect bang gap close to
1 eV at ambient conditions, which is gradually reduced by the application of hydrostatic pressure.
Metallization of the solid was observed at around 10 GPa. Experimental results obtained from optical
absorption was also complemented by using DFT, thus confirming the evolution of the electronic
structure.

[1] M. N. Alj, J. Xiong, S. Flynn, J. Tao et al., Nature 2014, 514, 205-208.

[2] B. Sipos, A. F. Kusmartseva, A. Akrap, H. Berger, L. Forrd, E. Tutis, Nature Materials 2008, 7,
960-965.

[3] C. Gong et al., Appl. Phys. Lett. 2013, 103, 053513.
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Recently, beta-carotene crystals have been grown and studied as a function of temperature and
hydrostatic pressure. It semiconductor properties has been known since 2006 (Duraes, J. A. [1] and
Aydin, M, [2].

For this work the crystals were grown at room temperature, by slow evaporation (Properly closed to
allow a rate of 1 ml by day) using hexane as an organic solvent and they acquire an average size of the
40 um. The Raman spectra exhibit, at 219 K (, clear modifications in the spectral range of the lattice
and internal vibrational modes (Da Silva, Kleber [3], work published in 2015).

In this work we study the Raman spectra and X Ray as a function of the hydrostatic pressure on the
beta-carotene crystal in the range of 0 to 12 GPa. Pressure-dependent Raman Analyses of the results
lead us to conclude that there are at least two new pressure-induced phase transitions. One around 4.1
GPa and other one, phase transitions, at 9.5 GPa. The intensities and line widths of the Raman modes
as well as the Rietveld refinement of the X-ray spectra are compatible with conformational changes of
the beta-carotene molecules.

P=12 GPA . , P=5.20 GPA
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Figure: X ray diffraction with Rietveld refinement. The shadow green shows the phase transitions

[1] Durdes, J. A. ; Aragjo Sales, M. J. ; SOUTO, R. F. ; Romariz, A. ; da Costa, J. C. ; CESCHIN, A.
M. ; MOREIRA, S. G. C., Applied Physics Letters, 2006, v. 89, p. 133502.

[2] Aydin, M, Physica. B, Condensed matter [0921-4526], :2006 Vol:381 Fasc:1-2 p.:113 -117

[3] Kleber J. R. da Silva, Waldomiro Paschoal Jr, Ezequiel A. Belo, and Sanclayton G. C. Moreira, J.
Phys. Chem. A, 2015, 119 (38), pp 9778-9784.
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Two dimensional materials such as van der Waals (vdW) crystals based on transition metal
dichalcogenides (TMDs) have attracted broad interest because of their unique mechanical and optical
properties [1]. In this work the behavior of optical properties of four vdW crystals (MoS,, MoSe,,
WS,, and WSe») has been studied experimentally under high hydrostatic pressure at room temperature
and was supported by computational predictions of electronic band structure within the density
functional theory (DFT). Comparison of few approaches to DFT study using different functionals is
shown and quantitatively analyzed. Energies of optical transitions were determined by
photoreflectance (PR) spectroscopy. The pressure induced shift of two direct optical transitions A and
B is clearly visible in PR spectra. After fitting of experimental curves with the Aspnes formula [2]
pressure coefficients for those transitions have been found to be: 0a=2.0£0.1 and ap=3.6+0.1
meV/kbar for MoS,, a,=2.3+0.1 and 0p=4.0+0.1 meV/kbar for MoSe,, 0,=2.6+0.1 and os=4.1%0.1
meV/kbar for WS;, ax=3.4+0.1 and as=5.0+0.5 meV/kbar for WSe,. Experimentally obtained data is
in excellent agreement with theoretical calculations (see Fig. 1). Further, DFT studies show that all
considered materials have negative pressure induced rates of fundamental indirect band gap estimated
to be —7.9 meV/kbar for MoS,, —5.51 meV/kbar for MoSe;, —6.11 meV/kbar for WS,, and —3.79
meV/kbar for WSe;. That should cause a semiconductor to metal transition at values of pressure
calculated to be 140, 180, 190, and 240 kbar for MoS,, MoSe,, WS, and WSe; respectively [3].
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Figure 1: Energy shift obtained from PR spectra for MoS2 (a), MoSe2 (b), WS2 (¢), and WSe2 (d) van der
Waals crystals. Symbols indicate experimental points and solid lines theoretical calculations.

[1] Wang, H., Yuan, H., Hong, S. S., Li, Y. & Cui, Y. Chem. Soc. Rev. 44,2664 (2015)
[2] D. E. Aspnes, Surf. Sci. 37, 418 (1973)
[3] F. Dybata at al. Sci. Rep. 6, 26663, (2016)
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Rare-earth garnets have attracted the scientific interest due to their exceptional luminescence
properties, their high optical transparency and thermal conductivity, as well as their mechanical and
chemical stability, finding applications as active elements for near-infrared solid-state lasers, in
acousto- and microelectronics, in magnetic memories and optical communications, while they can be
also used as optical pressure and temperature sensors for experiments at extreme conditions [1,2].

In this work, we have studied by Raman spectroscopy the pressure response of Dy;GasOy; crystals,
aiming in the elucidation of the individual role played by the different molecular units comprising the
garnet structure in the lattice dynamics of this system, as well as in the exploration of its structural
stability upon pressure application. More specifically, the pressure dependence of 17 Raman-active
modes, out of the 25 predicted by group theory for the garnet bec structure (space group: O, [3]) has
been followed. With increasing pressure, all Raman peaks shift to higher frequencies, while there is no
evidence for any pressure-induced structural phase transition or hysteresis phenomena. The extracted
pressure coefficients, I;= (1/0;)(0w/0P), extend over a relatively narrow range (4.4—12.4><10'3 GPa™),
indicating binding forces of nearly the same nature and order of magnitude and that the binding
strength between the various molecular units is comparable.
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Figure (a) Raman spectra of the Dy;GasO,, at various pressures. The asterisk marks a parasitic peak of the
DAC. (b) Pressure dependence of the Raman frequencies of the Dy;GasO;,. Open (solid) symbols denote
upstroke (downstroke) data, while lines are linear least-square fittings to the data.

[1] H. Kimura, T. Numazawa and M. Sato, J. Mater. Sci. Lett. 1994, 13, 1164-1168.
[2] K. Papagelis, G. Kanellis, S. Ves and G.A. Kourouklis, Phys. Stat. Sol. (b) 2002, 233, 134-150.
[3] G. Mace, G. Schaak and J.A. Koningstein, Z. Physik 1970, 230, 391-402.
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The ABO; perovskite oxides are attracting attention due to their use in electronic devices, and their
interesting properties like metal-insulator transitions, magnetic colossal resistance, ferroelectricity, etc.
Many minerals of geological interest, related with the lower mantle of Earth, also adopt the perovskite
structure. Perovskites compounds have the highest density among fluorides and oxides with ABX3
formula. Many perovskite-type oxides have studied under high pressure, but few studies focus their
attention on rare earth scandates. Recently an experimental synchrotron X-ray powder diffraction work
[1] performed in the impact of pressure on the stability of CeScOs perovskite-type compound, reports
that this compound remains stable until the maximum experimental pressure reached of 40 GPa.

In present work CeScOj3 perovskite-type has been studied under high pressure by ab initio simulations
in the framework of density functional theory using the pseudopotential method and the Generalized
Gradient Approximation (GGA) to describe the exchange correlation energy. Our study focuses on the
structural, dynamical and elastic properties of this compound. Results about the structure and its
evolution under pressure, the equation of state and the compressibility are presented. The shortening of
A-X and B-X bond lengths and the evolution of the polyhedra can explain the behavior of these
compound under high pressure The Raman and Infrared frequencies, and their pressure coefficients are
also analyzed. Finally, the study of the elastic constants provides information related with the elastic
properties of this compound and its mechanical stability. In our first principles simulations we found
that CeScO3 presents a mechanical instability at about 50 GPa.
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Figure 1: Pressure dependence of the Raman modes of CeScO3

[1] D. Errandonea, D. Santamaria-Pérez, D. Martinez-Garcia, O. Gomis, R. Shukla, S.N. Achary, A. K.
Yagi, and C. Popescu, Inorganic Chemistry 2017, 56, 8363-8371
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This study was focused on influence of uniaxial crystal deformation on operation of the THz-range
silicon lasers. The silicon crystals doped by hydrogen-like impurity centers can act as laser sources
under optical pumping by the mid-infrared emission [1]. The stimulated emission is built at low lattice
temperatures due to population inversion formed on excited impurity levels, such populations are
controlled by interaction with different phonons of silicon lattice. By application of uniaxial stress to a
silicon crystal, particular umklapp-type electron scattering accompanying with intervalley phonons are
significantly reduced [2]. This mechanism has the largest influence on the stimulated emission in THz
silicon lasers, including complete change of the lasing transitions or significant changes in the lasing
thresholds and efficiency [3.,4]. Additional advantages come from reduction of internal optical losses
caused by elimination of dynamically induced negatively charged donors and their complexes.

Theoretical calculations of nonequilibrium populations on the donor states under uniaxial
compression deformation of crystals in the ranges from zero stress up to 3 kbar, mostly in the [100]
direction, cover the large spectrum of possible changes in the silicon laser output parameters [5].

Varying the strain may cause not only changes in working transitions of silicon lasers and the
associated sharp change in lasing frequency (such as in n-Si:As) but also a more gradual frequency
tuning, related to the effect of strain on the spin-orbit splitting of the 1s(T,) states (cases of n-Si: Bi
and n-Si: Sb). Such stress-dependent lasing operation as well as related changes in the lifetimes of the
donor excited states in silicon will be discussed.

This study has been supported by the InTerFEL Russian—German project (BMBF no. 05K2014;
Ministry of Education and Science of Russia, agreement no. RFMEF161614X0008). We acknowledge
support by the EC FP7 project CALIPSO (No.312284) for the Transnational access to the
European FELs and Synchrotron facilities and the FELIX laboratory staff.

[1] S. G. Pavlov, R. Kh. Zhukavin, V. N. Shastin, H.-W. Hiibers, physica status solidi (b) 2013, 50, 9—
36.

[2] V. V. Tsyplenkov, K. A. Kovalevsky, V. N. Shastin, Semiconductors 2009, 43, 1410.

[3] R. Kh. Zhukavin, V. V. Tsyplenkov, K. A. Kovalevsky, V. N. Shastin, S. G. Pavlov, U. Béttger,
H.-W. Hiibers, H. Riemann, N. V. Abrosimov, and N. Nétzel, Appl. Phys. Lett. 2007, 90, 051101.

[4] S. G. Pavlov, U. Bottger, H.-W. Hiibers, R. Kh. Zhukavin, K. A. Kovalevsky, V. V. Tsyplenkov,
V. N. Shastin, N. V. Abrosimov and H. Riemann, Appl. Phys. Lett. 2007, 90, 141109.

[5] K. A. Kovalevsky, N. V. Abrosimov, R. Kh. Zhukavin, S. G. Pavlov, H.-W. Hiibers, V. V.
Tsyplenkov, V. N. Shastin, Quantum Electronics 2015, 45(2), 113-120.
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Raman spectroscopy in DAC have been employed to study phase boundaries and transformation
kinetics of H»O ice at high pressures up to 16 GPa and temperatures down to 15 K in this work. Ice I
formed at nearly isobaric cooling of liquid water transforms on compression to high-density
amorphous ice (HDA) at 1.1 — 3 GPa at 15-100 K and then crystallizes in ice VII with the frozen-in
disorder (ice VII’) which remains stable up to 14.1 GPa at 80 K and 15.9 GPa at 100 K. Unexpectedly,
on decompression of ice VII’, it transforms to ice VIII in its domain of metastability, and then it
relaxes into low-density amorphous ice (LDA) on a subsequent pressure release and warming up. On
compression of ice I at 150-170 K, ice IX is crystallized and no HDA ice is found; further
compression of ice IX results in the sequential phase transitions to stable ices VI and VIII. Cooling ice
I to 210 K at 0.3 GPa transforms it to a stable ice II. Our extensive investigations provide missing
previously information on the phase diagram of water, especially on the kinetic paths that result in
formation of phases which otherwise are not accessible; these results are keys for understanding the
phase relations including the formation of metastable phases. The accurate measurements document
can be used for the phase identification in the future research and supply a complementary to the
inelastic scattering techniques diagnostics of vibrational properties. Furthermore, the in situ Raman
investigations of compression kinetics of ices provides an important baseline for understanding of
behavior of subducted planetary ices in ice satellites * suggesting a possible existence of ordered ice
IX in addition to the previously proposed ices I, II, III, V, and VII in icy moons.
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Figure 1. Summary of the present experimental results on cooling.  Figure 2. Phase diagram of water ice.

[1]J. Leliwa-Kopystynski, M. Maruyama and T.Nakajima, Icarus 159 (2), 518-528 (2002).
[2]A. D. Fortes and M. Choukroun, Space Science Reviews 153 (1), 185-218 (2010).

[3]0O. Grasset and J. Pargamin, Planetary and Space Science 53 (4), 371-384 (2005).

[4]S. Vance, M. Bouffard, M. Choukroun and C. Sotin, Planetary and Space Science 96
(Supplement C), 62-70 (2014).

[5]F. Sohl, T. Spohn, D. Breuer and K. Nagel, Icarus 157 (1), 104-119 (2002).

[6]J. Saur, S. Duling, L. Roth, X. Jia, D. F. Strobel, P. D. Feldman, U. R. Christensen, K. D.
Retherford, M. A. McGrath, F. Musacchio, A. Wennmacher, F. M. Neubauer, S. Simon and
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Tin chalcogenide compounds are known to exist under different stoichiometries, depending on tin
valence, which exhibit different properties, and are promising materials as intercalation compounds
and for optoelectronic applications. As part of a comprehensive study on this class of compounds we
present here results for the SnS2 and SnSe members of the family, including a study of the evolution
under pressure of the vibrational properties of their known phases (with a focus on Raman-active
modes), phase energetics and stability, and electronic structure. The theoretical study was done within
the ab initio framework of the density functional theory (DFT), using the projector augmented scheme
and a basis of plane waves, with inclusion (for the structural relaxation and total energy calculations
of the phases) of van der Waals corrections to the interlayer interactions of the layered structures. We
analyse the changes induced by the application of pressure and compare with results from previous
studies on this class of compounds. We also investigate the effects of different levels of the theoretical
approximations made in the DFT calculations.


mailto:amujica@ull.es

We4.7-P13

Structural pathways and lattice dynamics of ReO3 under pressure

I. Efthimiopoulos', K. Kunc?, S. Karmakar!, X. Wang', K. Syassen'”,
R. K. Kremer', F. S. Razavi®, and M. Hanfland*

'"Max Planck Institute for Solid State Research, D-70569 Stuttgart, Germany
2Sorbonne Universite, IMPMC, F-75252 Paris, France
3Department. of Physics, Brock University, St. Catharines, Ontario, L2S 341 Canada
*European Synchrotron Radiation Facility, F-38043 Grenoble, France
*K.Syassen@fkf.mpg.de

Rhenium trioxide ReO; is a metallic transition metal compound. It crystallizes in a cubic
primitive structure (SG Pm-3m, Z=1). The structure is analogous to that of cubic perovskites
ABOs with the six-coordinated B sites occupied by Re and A sites empty. The cubic phase,
consisting of ReO; octahedra linked by corners only, becomes unstable at about 0.5 GPa.
Previously reported high pressure phases observed at ‘intermediate’ pressures between 0.5 GPa
and about 12 GPa include tetragonal (P4/mbm, Z=2), cubic skutterudite (/m-3, Z=8), and
monoclinic MnFs-type (C2/c, Z=12). Upon increasing pressure beyond 12 GPa, a rhombohedral
VFs-type structure (R3c, Z=6) is adopted. The octahedral coordination of Re is preserved in
these high pressure phases which all can be interpreted as superstructures derived from the cubic
primitive phase.

The previous observations of the pressure-driven structural behavior of ReOs at intermediate
pressures appear to be partly inconsistent concerning the number of high pressure phases and
the sequence of phase transitions between 0.5 and 12 GPa. This motivated us to to perform
high-pressure synchrotron x-ray diffraction and Raman scattering studies of ReOs up to 20 GPa
Furthermore, in order to be able to interpret the our experimental observations, we have
performed DFT-based calculations of total energies and vibrational mode frequencies as a
function of volume reduction. Our results explain the apparent controversy encountered in the
literature regarding the pressure-induced structural evolution of ReQs. The structural sequence
involves second- and first-order phase transition paths. In particular, as evidenced by the total
energy calculations, different second-order transition paths compete which makes the structural
evolution of ReOs3 extremely sensitive to external parameters (e.g. powder versus single
crystals). Thus, ReOs is an example where the application of pressure leads to ambivalence in
the structural behavior.
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We produced advanced nanocomposite thermoelectric materials composed from nanocrystallites of
Bi>..SbyTes alloys covered by Cso molecules. The fullerene molecules provide decrease in heat transport
and particular charge transfer in the nanocomposite. Bi»..SbxTes nano-powders were mechanically
alloyed with Cg fraction in the range of 0 to 6 vol. % in a planetary mill. After the mill treatment Bi,.
SbyTes-Ceo powder was loaded in a piston-cylinder cell in pure Ar atmosphere, compressed at a pressure
of 0.5 GPa, and sintered by heating up to 400°C. Sintered samples have been annealed in hydrogen
steam at 300°C during 2 hours. The mean crystalline size of nanograins was 30-40 nm after the sintering
and the Raman spectra confirmed that Ceo molecules were not transformed into other carbon forms or
polymerized. Cso molecules cover thermoelectric alloy nanograins, thus provide thermal phonons
blocking. Besides, molecules act as electron traps, and thus decrease the density of free electrons in n—
type semiconductor and generate holes in p-type materials. The density of free charge carriers and their
Hall mobility change nonmonotonically with the increase of fullerene content (Fig. 1a).
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Figure 1: Density of halls in BiosSbi.sTe;-Ceo nanocomposites at room temperature and 77K as a
function of Cgo bulk content (a) and temperature dependencies of the figure of merit ZT of Bio.sSbi.sTes-
Cso nanocomposites with different content of Ceo (b).

The maximum value of thermoelectric figure of merit ZT = 1.15 was obtained in p-type
nanocomposite that is 30% higher than in the undoped starting material (Fig. 1b). Here ZT = S*6T/k; S
is the Seebeck coefficient, o and k are the electrical and thermal conductivities, T is the temperature.

From Fig. 1 one can clearly see that nonmonotonic dependence of density of halls over Ceg fraction
causes substantial variation of ZT number on fullerene content and extends large value of ZT in the
range of temperatures 400-500K, that is very important for real application in thermoelectrical devices.
In particular, nanocomposites with the "resonant" Ceo fractions of 0.5% and 1.5% have the highest ZT
values of 1.15 and broad functional temperature range. The "resonant” values are explained within the
model of Cg electron acceptor properties - electronic traps.
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Controlled tuning the electrical, optical, magnetic, mechanical and other characteristics of the
leading semiconducting materials is one of the primary technological challenges. In this work we
demonstrated that the electronic transport properties of conventional single-crystalline wafers of
germanium may be dramatically tuned by application of moderate pressures. We investigated the
thermoelectric power (Seebeck coefficient) of p— and n—type germanium under high pressure to 20
GPa. We established that an applied pressure of several GPa drastically shifts the electrical conduction
to p—type [1] (Figure). The p—type conduction is conserved across the semiconductor-metal phase
transition at near 10 GPa. Upon pressure releasing, germanium transformed to a metastable s¢/2 phase
(Ge-III) with n—type semiconducting conductivity (Figure). The semiconductor character of this st/2
phase was recently established in another experimental work [2]. We proposed that the unusual
electronic properties of germanium in the original cubic-diamond-structured phase could result from a
splitting of the “heavy” and “light” holes bands, and a related charge transfer between them. We
suggested new innovative applications of germanium, e.g., in technologies of printing of n—p and n—p—

n junctions by applied stress. Thus, our work has uncovered a new face of germanium as a ‘smart’
material.
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Figure Crystal structure of cubic-diamond-type Ge—1 (a) and metastable tetragonal, Ge—III (d) polymorphs of
germanium. (b) Near infrared absorption of Ge—1 showing its indirect band gap of about 0.65 eV and a direct
one of about 0.8 eV. Pressure dependencies of the thermopower for the Ge—1 phase (c) and across the Ge-I ->
Ge-II -> Ge-III transitions (f). () Comparative Raman spectra of Ge—1 and Ge—11I phases; the dashes are wave
numbers reported for Ge—11I in the literature.

[1] I. V. Korobeinikov, N. V. Morozova, V. V. Shchennikov, and S. V. Ovsyannikov, Scientific
Reports 2017, 7, 44220.

[2] Z. Zhao, H. Zhang, D. Y. Kim, W. Hu, E. S. Bullock and T. A. Strobel, Nature Communications
2017, 8, 13909.
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Rare-carth fullerides constitute an intriguing class of highly-correlated molecular systems due to
the strong coupling between two electronically active sublattices {n(Cg) and 4f,5d(rare-earth)}. High-
resolution synchrotron X-ray diffraction (XRD) and magnetic susceptibility measurements of the
Sm;, 75C¢ fulleride revealed an isosymmetric phase transition and a dramatic isotropic volume increase
below 32 K, which was attributed to a Sm valence transition from (2+g)+ to nearly 2+ upon cooling
[1]. Moreover, high pressure XRD measurements showed a lattice collapse of the fulleride at ~4 GPa,
accompanied by a reversible colour change from black to golden [2] -similar to what was earlier
observed in intermediate valence Sm monochalcogenides like SmS [3]- that was attributed to a rare-
earth valence transition from (2+¢)+ to 3+. This scenario was further supported by our high pressure
Raman data that are indicative of an insulator-to-metal transition at elevated pressures [4].

In this work, we present our recent X-ray absorption near edge spectroscopy (XANES)
measurements on the Sm L;-edge, aiming to probe directly the pressure evolution of the Sm valence
state in Sm;, 75Cgo. This study confirmed the mixed Sm valence already at normal conditions. The high
pressure evolution of the XANES spectra clearly shows a monotonic increase (decrease) of the Sm®"
(Sm®") feature that becomes more prominent at ~4 GPa, compatible with a pressure-induced change in
the average Sm valence (Figure). This could account for the huge lattice collapse and the insulator-to-
metal transition observed in the Sm;, 75C¢ fulleride upon pressure application.
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Figure (Left) High pressure XANES spectra of Sm, 75C¢ at the Sm L;-edge recorded upon pressure
increase. (Right) Pressure dependence of the intensity ratio of the Sm*" and Sm®* peaks. Closed (open)
symbols correspond to pressure increase (decrease).

[1]J. Arvanitidis, K. Papagelis, S. Margadonna et al., Nature 2003, 425, 599-602.

[2] J. Arvanitidis, K. Papagelis, S. Margadonna and K. Prassides, Dalton Trans. 2004, 3144-3146.

[3] A. Jayaraman, V. Narayanamurti, E. Bucher and R.G. Maines, Phys. Rev. Lett. 1970, 25, 1430-

1433.

[4] S.M. Souliou, J. Arvanitidis, D. Christofilos et al., High Pres. Res. 2011, 31, 13-17.
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Transition metal dichalcogenide (TMDC) monolayers have emerged as exciting 2D materials as they
present strong light-matter interaction governed by robust excitons and interesting spin/valley
selective optical selections rules. Momentum forbidden excitons (i.e. indirect excitons) have been
proposed to play a strong role in the optical properties of WSe, monolayers [1]. Yet, their optical
signature has never been evidenced clearly.

In this work, we study the optical properties of WSe, monolayers by photoluminescence (PL) and
photoluminescence excitation (PLE) as a function of hydrostatic pressure and discuss the effects of
pressure on intrinsic excitonic properties and the possible occurrence of a direct-to-indirect crossover.
For comparison we also study the pressure dependence of the optical properties of WSe, monolayers
encapsulated into hexagonal boron nitride (hBN) layers. The atomically flat and charge free surface of
hBN is known to considerably reduce the inhomogeneous linewidth of the low temperature optical
transitions [2] and to reduce the exciton binding energy due to change of dielectric environment.
Applying pressure may favor the coupling between WSe, and hBN due to the reduced interlayer
distance.

Figure 1: Sketch of the band structure of single-layer WSe, showing direct K-K excitons and
indirect Q-K excitons.

[1]J. Lindlau et al., arXiv 1710.00988 (2017).
[2] F. Cadiz ef al., Phys. Rev. X, 7, 021026 (2017).
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The topological properties have received strong interest both theoretically and
experimentally in recent years. Insulators can be classified into conventional insulators and
topological insulators with protection by time-reversal symmetry. By analogy from insulator
to metal, semimetals are divided into trivial and nontrivial semimetals topologically in
electronic structure, with the latter including Weyl, Dirac, and node-line semimetals.

Weyl semimetals are semimetals or metals whose quasiparticle excitation is the Weyl
fermion. Remarkably, Weyl fermions are robust while carrying currents, giving rise to
exceptionally high mobility [1]. It was predicted that an inversion-breaking single crystal
NblrTe, is a Weyl semimetal candidate [2].

In this study, we obtained measurements based on the resistivity, synchrotron X-ray
diffraction, using the Weyl semimetal NblrTe, at high pressures. Our experiments indicated
that NblrTe, exhibited a pressure-induced superconductivity at 1.6GPa with transition
temperature (7¢”*) ~2.2K. The superconducting transition temperature increased to a
maximum ~5.1 K with pressures up to 15.8GPa. The possible topological superconductivity
emerges in the Weyl semimetal phase could provide abundant evidence for understanding the
fundamental mechanism and potential pathway for functional device design from the practical
aspect.

[1]. Jia, Shuang, Su-Yang Xu, and M. Zahid Hasan. "Weyl semimetals, Fermi arcs and chiral
anomalies." Nature materials 15.11 (2016): 1140-1144.

[2]. Li, Lei, et al. "Ternary Weyl semimetal NblrTes proposed from first-principles
calculation." Physical Review B 96.2 (2017): 024106.
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Semiconducting polymers continue to attract great attention as possible cost-effective and easy
to process candidates for optoelectronic devices. These traits are related to their solution
processability. Films so produced can exhibit a large variety of microstructures, which ultimately
define the optical and electrical properties of these systems. There are, in fact, many open questions
remaining regarding how different structural changes influence the optical properties of these
polymers. In order to disentangle the contributions of different effects, such as planarity, interchain
interactions and the dielectric constant, we have investigated thin polymer films under high hydrostatic
pressure. This allowed us to gradually change the intermolecular distance without chemically altering
the molecules, and therefore could be the basis for a clean and deeper understanding that could
potentially result in new design rules for improved properties.

We have chosen poly(9,9-dioctylfluorene) (PFO) and poly(3-hexylthiophene) (P3HT), as
model polymers for organic light-emitting diodes and organic solar cells, respectively. We have
measured their room temperature absorption, photoluminescence (PL) spectra and refractive index up
to 8 GPa. The recorded differences in bathochromic shifts with pressure are employed to estimate the
relative strengths of the aforementioned mechanisms. For PFO, we estimate that out of the 270 meV
red shift, ca 50% corresponds to interchain interactions. Contrary to expectations, this contribution is
about three times larger than the one stemming from an increased planarization of the molecules under
pressure. Regarding the dielectric function of the polymers, we have found a very modest increase
under high pressure. Interestingly, the increase in film density appears to be strongly compensated by
a decrease in oscillator strength. Finally, this knowledge helps us to understand the effect of pressure
on the charge transfer (CT) state formed in mixtures of P3HT donor and solution derivative fullerene
PCBM as acceptor. Indeed, we have found a strong red shift in the CT emission.
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The results of comprehensive optical experiments investigating the effects of applied hydrostatic
pressure on the novel material BaZrS; are discussed. The direct absorption edge, and allowed and
forbidden Raman scattering, are measured to 8.9 GPa at room and cryogenic temperatures for the
distorted perovskite Pnma phase of BaZrS;. The maximum pressure in our experiments is sufficient to
also probe the stability of this as-grown BaZrS; phase for compressions achieved at 1 afm in more
dense alloys, such as BaZr,Ti,S;, now being considered for photovoltaics. High pressure optical
absorption measurements find that the BaZrS; band gap (1.74 eV at 1 atm) shifts to lower energy with
pressure at a rate of ~ —0.015 eV/GPa. This shift due to compression drives the band gap toward
values more favorable for solar absorption, and combined with the negative chemical shift of the gap
produced by Ti alloying, offers a path toward improved photovoltaic efficiency in structurally stable
BaZr,,Ti,S; alloys.[1][2] The Raman results at 1 atm allow us to assign 21 of the 24 Raman active
phonons to observed spectral peaks at frequencies in agreement with ab-initio theoretical calculations.
The observed and theoretical intensities also agree, except for a peak at 392 cm”. Employing
resonance Raman spectroscopy, we show that the anomalous strength of this peak arises from
forbidden scattering due to the Frohlich interaction. All the Raman peaks shift to higher frequency
with increasing pressure. The shifts are nearly linear over the full pressure range studied, and there are
no discontinuities that might signal a structural transformation. The observed mode Gruneisen
parameters —d/nv/d/nV fall in the range 0.7 — 1.7, and their values for the different peaks correspond
reasonably with the findings of the ab-initio calculations. The effects of pressure on the phonon
frequencies in BaZrS; reflect a stable quasiharmonic solid. Our results indicate that the distorted
perovskite Pnma phase of this material is stable to at least 8.9 GPa, providing prospects for advanced
photovoltaic (and other) applications via band gap engineering in alloys of BaZrS; with appropriate
transition metals.

[1] N. Gross, Y.-Y. Sun, S. Perera, H. Hui, X. Wei, S. Zhang, H. Zeng and B. A. Weinstein, Phys.
Rev. Appl. 2017, 8, 044014.
[2] Y.-Y. Sun, M. L. Agiorgousis, P. Zhang and S. Zhang, Nano Lett. 2015, 15, 581.


mailto:phyberni@buffalo.edu

We4.15-P29

Development of Two-stage Multianvil Apparatus for High
Pressure and Low Temperature Measurements

K. Ishigaki, J. Gouchi, S. Nagasaki, J.G. Cheng' and Y. Uwatoko*

ISSP, University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581, Japan
'+ IOP, Chinese Academy of Sciences, Beijing 100190, People’s Republic of China
*uwatoko@issp.u-tokyo.ac.jp

Various high-pressure devices have been developed for in-situ physical property measurements at
low temperatures. Much effort in this direction has been devoted to increase the highest achievable
pressure and to improve the pressure hydrostaticity. These two factors are particularly important in
exploring pressure-induced emergent quantum phenomena in strongly correlated materials with
multiple competing interactions. The level of hydrostaticity depends on the compression geometry in
addition to pressure transmitting medium. In comparison with opposed anvil type apparatus, multianvil-
type apparatus can maintain better pressure homogeneity even if the pressure transmitting medium
becomes solidified at low temperature and/or high pressure.[1] The single-stage cubic type device
developed in ISSP [2] is one typical multianvil apparatus that can generate hydrostatic pressures above
10 GPa. The design of miniature “palm”-type cubic anvil cell also enabled integration with *He or
dilution refrigerator so as to reach temperatures as low as 10mK.[3,4] These developments of cubic-
type apparatus are essential for us to discover novel quantum phenomena [5] and new superconducting
materials [6] in the past few years.

To further push the highest achievable hydrostatic pressure to over 20 GPa, we adopted the Kawai-
type design and recently developed a two-stage multianvil apparatus for low-temperature
measurements. The second stage consists of eight tungsten-carbide cubes with truncation edge length
of 3.0 mm. The octahedron gasket with integrated fin made of Ceramacast 584 (Aremco Products, Inc.)
was fabricated by ourselves according to Ref. [7]. The sample assembly with the sample hanging in a
Teflon capsule (I.D. 1.5mm, O.D. 2 mm) filled with Daphne 7373 is similar with the setup in cubic
anvil cell.[2] We have performed the pressure calibration at room temperature by detecting the phase
transitions of Bi, Sn, Pb, ZnS, GaAs and GaP in electrical resistivity measured with a standard four-
wire method. Figure 1 displays the resistivity as a function of loading force for Bi, Pb, and GaAs at
room temperature. The characteristic phase transitions of Bi at 2.55, 2.7 and 7.7 GPa are clearly
observed at loading force of 11.11, 12.66, and 35.63 tons, respectively. We successfully observed the
metallization of GaAs at 18 GPa under a loading force of ~ 120 tons and expected to exceed 20 GPa
under 150 tons. In the presentation, I will also show the result of low-temperature measurements.

3.0

References

[1] Y. Nakamura et al. J. Phys. Conf. Series 215, 012176 25l

(2010). GaAs

[2] N. Mori et al., High Pressure Res., 24,225 (2004). 20k 1 “w-\l
[3] Y. Uwatoko et al., Rev. High Press. Sci. Technol. 18,230 g /

(2008). £ 1stf .
[4] K. Matsubayshi, et al., Rev. High Press. Sci. Technol. 22, J 1 1

206 (2012). Lor N 1 \

[5] K. Matsubayashi et al., Phys. Rev. Lett., 109 187004 . i

(2012). Tl Pb .

[6] J.-G. Cheng et al., Phys. Rev. Lett., 114 117001 (2015). - i , i ; . . i

[7] J.-G. Cheng, PhD. Thesis, Univ. Texas at Austin, 2010. 020 40 60 80 100 120 140
Load (ton)

Fig.1 Resistivity of Bi, Pb, and GaAs as
a function of loading force. The arrows
indicate the structure phase transitions or
insulator-metal transition.



Th1.1 (invited)

Pressure-induced phonon freezing in ZnSe-based mixed crystals:
phonons, phonon-polaritons and ab initio calculations

0. Pagés,!'” R. Hajj Hussein,! A. Polian,2 A.V. Postnikov,! H. Dicko,! G.K. Pradhan,’ C.
Narayana,’ F. Firszt,* K. Strzatkowski,* W. Paszkowicz,’ L. Broch,! S. Ravy®’ and P.
Fertey’

! LCP-A2MC, Institut Jean Barriol, Université de Lorraine, Metz, France
2 IMPMC, Sorbonne Universités, UMR-CNRS 7590, F-75005 Paris, France
3Light Scattering Laboratory, JNCASR, Bangalore 560064, India
* Institute of Physics, Nicolaus Copernicus University, Grudziadzka 5/7, 87-100 Torun, Poland
J Institute of Physics, Polish Academy of Sciences, 02-668 Warsaw, Poland
6Synchr0tron SOLEIL, L’Orme des Merisiers Saint Aubin, BP 4891192 Gif-sur-Yvette Cedex, France
" Laboratoire de Physique des Solides, CNRS, Université Paris-Saclay, 91405 Orsay
*olivier.pages@univ-lorraine.fr

At the emergence of the science of materials at the beginning of the XXth century, W. Pauli
recommends that physicists should focus on simple systems in which models can be developed at the
ultimate scale of the atom themselves. Twenty years later Bell Labs achieve the synthesis of Ge with
10N purity (99.99999999 %) corresponding to a single atom species on a regular lattice, moreover a
cubic one. Clearly, with semiconductors like Ge and Si, physicists dispose of geometrical-like objects
that can be tested experimentally and confronted with atomistic models. Same situation with the next
arriving binary compounds derived from Ge and Si ten years later, such as GaAs or ZnSe, in which
cations and anions alternate on the same lattice. Problems arise in the mid-sixties with the emergence of
the related mixed crystals. A unique A«<>B atom substitution on the regular lattice — giving rise to the
most simple ‘complex system’ one can imagine thus a benchmark one for the study of disorder —
generates not only a chemical disorder but also a distortion of the lattice (as needed to accommodate the
contrast in the bond length/stiffness of the constituting species). The order is lost! The crucial issue then
is to access the nature of the A<>B atom substitution, as to whether this is ideally random or due to local
clustering/anticlustering for some reason.

To tackle this issue experimentally one needs a local probe, such as the bond force constant that
is conveniently addressed at the laboratory scale by using optical vibrational spectroscopies, such as
Raman scattering or far-infrared absorption. In the past decade we could achieve a unified understanding
of the Raman/infrared spectra of the basic mixed crystals derived from Si and Ge within our so-called
percolation scheme [1]. This distinguishes between the like bonds of a given species at the mesoscopic
scale, i.e. depending on whether they are connected (and vibrate in their own environment) or isolated
(and vibrate in the foreign environment of the other species), leading to a generic 1-bond—2-vibration
pattern. As such the percolation scheme materializes a natural ability behind vibrational spectroscopies
to elucidate the nature of the A«~>B atom substitution in a mixed crystal, on a quantitative basis.

In this communication we explore another potential application behind the percolation scheme,
i.e. as to whether it can provide any insight at the unusual mesoscopic scale regarding the lattice
dynamics of a mixed crystal at the approach of its pressure-induced structural transition. The pressure-
dependence of the 1-bond—2-mode percolation doublet of various ZnSe-based mixed crystals is studied
experimentally with this end in view using high-pressure backward and near-forward Raman scattering
by phonons and phonon-polaritons [2], respectively. The discussion of the experimental data is
supported by ab initio phonon calculations done on prototypal percolation-type impurity motifs [2].

[1] O. Pages, J. Souhabi, V.J.B. Torres, A.V. Postnikov and K.C. Rustagi, Phys. Rev. B 2012, 86,
045201/1-19.

[2] R. Hajj Hussein, O. Pagés, A. Polian, A.V. Postnikov, H. Dicko, F. Firszt, K. Strzalkowski,W.
Paszkowicz, L. Broch, S. Ravy and P. Fertey, J. Phys.: Condens. Matter 2016, 28, 205401/1-
13.
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The photocatalytic activity of BiVOsstrongly depends on the crystalline phase and sample form, being
nanoparticles of particular interest. The thermodynamically stable polymorph of BiVO, at ambient
conditions is a monoclinic distortion of a scheelite-type phase (SCH), named fergusonite (F). F and SCH
are related by a ferroelastic instability. BiVOs can also be prepared with a zircon (Z) structure. The high
pressure (HP)-high temperature (HT) F-SCH phase boundary has been studied by XRD [1]. The pressure
and temperature coefficients of the optical A, soft mode (63 cm™) have been also determined [2-3].

We report here HP-HT Raman experiments performed on F-BiVO4 powder and single crystal
samples. We also present results from nano powders of Z-BiVOs. We complement previous Raman
experiments discussing the behavior of the whole set of Raman active modes as well as extending the
pressure range and introducing simultaneous HP-HT conditions. The HP behavior of Z-BiVO,4 will be
discussed for the first time.

HP was generated using a diamond-anvil cell (DAC). HT was achieved by external heating of
the DAC. The pressure transmitting medium was either Ne or a 16:3:1 methanol—ethanol—water mixture.
Pressure was determined using the ruby or SrB4O7:Sm?* luminescence. Temperature was measured with
a K-type thermocouple. The 632.8 nm line of a He-Ne laser was used to excite Raman spectra, which
were collected in the backscattering geometry.

We performed calculations of the total energy within the framework of the density functional
theory and the projector-augmented wave method, as implemented in the Vienna ab initio simulations
package (VASP). The exchange-correlation energy was described with the HSE06 hybrid functional.
Lattice-dynamics calculations were also performed to study the pressure dependence of zone center
modes. We obtained the frequency, pressure coefficient and symmetry of each mode. In addition, we
calculated the full phonon dispersion curves at selected pressures.

The temperature and pressure behavior of the F lattice modes reflects the distortions associated
to the ferroelastic instability. The ab initio calculations show a complete softening of the acoustic
branch. The linear coefficients of the Z phase are in sharp contrast with the behavior observed in the F
phase. The F to SCH second order phase transition occurs at 1.4 GPa (ambient temperature) and 510 K
(ambient pressure). The Z to SCH, irreversible, first order phase transition is observed from 660 to 760
K (ambient pressure) and from 3.3 to 4.3 GPa (ambient temperature). We found evidences of additional
structural changes around 18 GPa, which in the downstroke were found to be not completely reversible.

[1] R. M. Hazen and J. W. E. Mariathasan, Science 1982, 216, 992-993.
[2] A. Pinczuk, B. Welver and F. H. Dacol, Sol. State Comm. 1979, 29, 515-518.
[3] A. Pinczuk, G. Burns and F. H. Dacol, Sol. State Comm. 1977, 24, 163-165.
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Figure 1: Acoustic phonon lifetimes of the first order symetric phonon mode in suspended Ge nanobridges
as function of uniaxial strain (left), schematic illustration of measurement concept for determination of
acoutic phonon lifetimes by time-domain femtosecond pump-probe reflectivity measurements (center),

temperature dependent time resolved phonon dynamics in a Ge nanobridge with a uniaxial strain of 2.3%.

The capability to tune the acoustic phonon dynamics in technologically relevant group IV
nanostructures provides a promising prospect to control the propagation of acoustic and thermal
phonons with great implications on nanoscale hypersound and thermal transport. Despite their
fundamental importance, accurate measurements of acoustic phonon lifetimes are challenging and their
values are still unknown for most materials. Even in the case of the extensively studied group IV
semiconductors, measurements of phonon lifetimes are scarce and the impact of strain engineering is
barely understood.

In this work, we address the influence of tensile stain on the thermo-mechanical properties of suspended
Ge nano-bridges with thicknesses below 100 nm. It is shown that the acoustic phonon lifetimes can be
tuned both by strain engineering of the suspended structures and strain modification by temperature
variation in addition to a strong dependence on the thickness of the suspended structures [1]. The
combination of temperature dependent micro-Raman and time-domain femtosecond pump-probe
reflectivity measurements allows for a complete decoupling of the effects of temperature, geometry,
and strain on the acoustic phonon dynamics [2, 3].

[17J. Cuffe et al., Phys. Rev. Lett. 110, 095503 (2013)
[2] S. Neogi et al., ACS Nano 9, 3820 (2015)
[3] M. R. Wagner et al., Nano Letters 16, 5661 (2016)
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High pressure high temperature synthesis and phase transitions in simple
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In this presentation, I will present recent results on phase transformations in simple transition
metal oxides at high-pressure high-temperatures (HP-HT) conditions. A number of HP-HT
polymorphs, was fund to be recoverable at ambient conditions. This circumstance enables more
comprehensive investigations of their physical properties and indicates an industrial potential of these
new polymorphs. I will review recent results for titanium, manganese and other oxides with the focus
on their relevance for the semiconductor physics and industry. I will also present results for new
polymorphs of iron oxides composed of with mixed-valent iron cations. These iron oxides
demonstrate charge-ordering-driven “metal-semiconductor”-type phase transitions at low temperatures
(Figure 1) [1], and external stimuli, like applied high pressure can remarkably affect these charge-
ordering transitions and physical properties of iron oxides.
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Figure (a, b) Examples of reciprocal lattices of X-ray diffraction intensities of Fe,Os at 260 K and 100 K.
a* and b* are the axes of reciprocal lattices. (c) Crystal structure projected down the a-axis at room
temperature. (d) Crystal structure projected down the c-axis at room and low temperatures. The low-
temperature structure demonstrates the preference to dimeric or trimeric ordering in different Fe chains.

[1] Y. Hiroshige, M.Ookawa, N. Toshima, Synth. Mater. 2007, 157, 467-474. S. V. Ovsyannikov, M.
Bykov, E. Bykova, D. P. Kozlenko, A. A. Tsirlin, A. E. Karkin, V. V. Shchennikov, S. E. Kichanov,
H. Gou, A. M. Abakumov, R. Egoavil, J. Verbeeck, C. McCammon, V. Dyadkin, D. Chernyshov, S.
van Smaalen, and L. S. Dubrovinsky, Nature Chemistry 2016, 8, 501-508.
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Traditional solids can be categorized by their structures into crystalline, quasi-crystalline and
amorphous, based on the degree of static translational order. Carbon, as one of the most versatile
elements, has the ability to form various allotropes. From the oldest diamond, graphite, to recently
discovered fullerene, nanotube, graphene, etc, all these well-known carbon allotropes belong to either
crystalline or amorphous materials and greatly contribute to the development of material science and
the technical applications in various fields.It is generally acknowledged that designing and searching
for new carbon allotrope has been the focus in material science because of the scientific importance.
Recently, long range ordered structuresconstructed with amorphous building blocks (in this case
collapsed fullerene clusters), named “OACC”, have been obtained in compressing solvated fullerene
crystals containing aromatic solvents. As a new category of solids, the discovery of such materials
expands our structure categorization of solids, as well as open a new door for designing novel
materials, for which developing new strategy for material design and tuning the corresponding
microstructures for desirable properties are fundamentally important. In this work we report a new
amorphous carbon clusters constructed ordered materials by compressing C60/C8HS8(cubane) co-
crystal, which is induced by the reactions betweenthe stiff fullerene and the high energetic cubane.

The C60/C8H8 co-crystal is an interesting rotor-stator compound. The stiff, football like C60
molecules rotate freely in the lattice, acting as “rotors”, whilethe static cubane with dice like carbon
cage occupies the octahedral voids among C60 in the lattice and act as a bearing (stator) between the
rotating C60 molecules.Upon compression, the C8H8 play significant rolein stabilizing the boundary
interactions of the highly compressed or collapsed C60 clusters which preserve their long range
ordered arrangement upon to 45 GPa, while as duration time increases at high pressure, the gradual
random bonding between C8HS8 and carbon clustersunder pressure due to “energy release” of highly
compressed cubane, leads to the lossof ability of C8HS8in stabilizing the carbon cluster arrangement,
and thus a transition from short range disorder to long range disorder (amorphization) in the formed
material. The spontaneous bonding reconstruction most likely results in a 3D network in the material,
which can create ring crack indentations on diamond anvils.Such material might be potentially
superhard and is promising for practical applications. Our work thus indicates that new strategyfor
new material design can be possibly developed by tailoring the boundary interactions of amorphous
building blocksby using high energetic molecules.
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[1] L. Wang, B. B. Liu, H. Li, W. G. Yang, Y. Ding, S. V. Sinogeikin, Y. Meng, Z. X. Liu, X. C.
Zeng, W. L. Mao, Science 2012, 337, 825.

[2] K. F. Biegasiewicz, J. R. Griffths, P. G. Savage, J. Tsanaktsidis, R. Priefer, Chem.
Rev.2015,115,6719.

[3] A. Iwasiewicz-Wabnig, B. Sundqvist, E. Kovats, L. JalsovszkyS. Pekker, Phys. Rev. B 2007, 75,
024114.

[4] H. W. Kroto, J. R. Heath, S. C. O’Brien, R. F. Curl, R. E. Smalley, Nature 1985, 318, 162.
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Diamond Si (d-Si), which is the thermodynamic ground state at ambient conditions, is a
semiconductor with an indirect band gap that is the basis of modern semiconductor technology.
In addition, Si exists in various metastable forms such as amorphous Si, polycrystalline Si, Si
nanowires, and Si clathrates. Under compression, d-Si transforms to the f-Sn and subsequently
to simple hexagonal (s/) phase. Although the £-Sn and s/ phases are superconducting, they do
not maintain their crystal structures upon pressure release. Another route for synthesizing other
Si allotropes is to use appropriate chemical precursors that can be produced using high-pressure
techniques and may maintain their stability at ambient conditions. Examples are NagSiss (type-

I), Nax4Sii36 (type-II), and NaSis compounds, which lead to Pm3n-Sias, Fd3m-Sii36, and Cmem-
Sig clathrates by Na degassing process followed by pressure release.

In this work, we report the prediction of two novel superconducting Si allotropes, P6/m-Sis
and its chemical precursor P6/m-NaSis [1]. We explored new Na-Si clathrates at high pressure
using a crystal structure search method, in which the conformational space annealing algorithm
for global optimization is combined with first-principles electronic structure calculations [2].
We propose that the P6/m-NaSis clathrate can be synthesized above 12.4 GPa by comparing
its enthalpy with those of other known Na-Si clathrates. We suggest that P6/m-Sis can be
obtained by removing Na from the P6/m-NaSis precursor. The P6/m-Sie allotrope is almost
identical to the sh structure except for open channels along the c-axis. Through phonon spectra
calculations and molecular dynamics simulations, we confirmed that both the P6/m-Sis and
P6/m-NaSie clathrates are stable and superconducting at zero pressure, with the critical
temperatures of about 12 and 13 K, respectively. Our prediction of novel Si clathrates will
stimulate experimentalist to synthesize new exotic Si allotropes useful for Si-based devices.

References

[1] H.-J. Sung, W. H. Han, L.-H. Lee, and K. J. Chang, arXiv: 1708.04746; Phys. Rev. Lett.,
accepted (2018).

[2] L-H. Lee, Y. J. Oh, S. Kim, J. Lee, and K. J. Chang, Comp. Phys. Commun. 203, 110 (2016).
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Intermediate band solar cells (IBSC) have the potential to achieve high power conversion
efficiency under solar concentration and have continued to attract valuable research interest [1,2]. The
intermediate step in the band gap can increase the photocurrent without degrading output voltage,
leading to higher efficiency than in the host material. However, experimentally it is still a challenge to
probe the intermediate band concept. In this respect GaSb/GaAs quantum ring cells (QRSC) have
been reported, where the type II band alignment provides longer carrier lifetime enhancing the
extracted photocurrent compared to the type I InAs/GaAs system [3,4]. The reduction in open-circuit
voltage, however, is larger in such structures due to non-radiative recombination via the highly
localised QR hole states [3].

Here we report on intermediate band GaAs solar cells containing GaSb quantum rings (QR) under
hydrostatic pressure using He gas as a pressure medium at room temperature, where by applying 8
kbar the band gap of the solar cell increases by 85 meV. Band offsets and QR confinement energy
under 0 and 8 kbar applied pressure are shown in fig. 1(a). This increase in the host material gap
reduces the non-radiative recombination, thereby enhancing the open-circuit voltage in QRSC by
15%, as shown in fig. 1(b) (blue circles). We observed that temperature is more efficient in recovering
the open-circuit voltage since the intrinsic carrier concentration decreases abruptly — see fig 1(b).
Consequently, hydrostatic pressure is a powerful technique that allows study of the role of the
bandgap of the host independently of the carrier thermal energy distribution in solar cell devices.
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Figure 1 (a) 300 K energy band diagram for GaSb/GaAs QRSC under 0 and 8 kbar applied hydrostatic
pressure. (b) Open-circuit voltage versus energy gap as the temperature decreases from 310 to 90 K (red
triangles) and applied pressure increases (blue circles). Linear fits to the experimental data points are
shown as solid lines.

[1] A. Luque, A. Marti, Phys. Rev. Lett. 1997, 78, 5014-5017.

[2] A. Luque, A. Marti, C. Stanley, Nat. Photonics 2012, 6, 146—152.

[3] PJ. Carrington, M.C. Wagener, J.R. Botha, A.M. Sanchez, A. Krier, Appl. Phys. Lett. 2012, 101, 231101.
[4] C. Bailey, D. Forbes, IEEE J. Photovoltaics 2012, 2, 269-275.
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Although Ge is fundamentally an indirect bandgap semiconductor, introducing a-Sn into the Ge lattice
lowers the energy of the direct I" valley relative to the conduction band minima at L. Band engineering
of GeSn through strain and alloy composition can also significantly enhance carrier mobilities and
tunnelling rates, establishing GeSn as a promising material system for future MOSFET and
tunnelling-FET (TFET) devices. Most significantly a fundamentally direct bandgap group IV material
has the potential to realise a CMOS compatible light source monolithically integrated onto Si 1. The
present understanding of the bandgap evolution of GeSn alloys is that there is a sharp transition from
in GeSn from an indirect to direct band, with increasing Sn concentration. Using hydrostatic pressure
we report on the bandgap character of GeSn samples with Sn concentrations at 6%, 8% and 10% [2].
The bandgap character is determined from measurements of the pressure coefficient of the effective
band edge. The pressure coefficients of the relative band edge for the three Sn concentrations is
displayed in the left panel below. In contrast to the prevailing view in the literature, we do not observe
a sharp transition from an indirect to direct bandgap behaviour. Instead, the pressure coefficient of the
band edge, or bandgap character, changes smoothly with Sn concentration. This behaviour can be
understood as band mixing effects between the I'- and L- conduction band states. In order to
investigate the compositional dependence of these band mixing effects, the pressure dependence of the
conduction band states are modelled using HSE-DFT. The theoretical variation of the band gap for a
Ge0.94Sn0.06 supercell is plotted in the right panel, showing good agreement with the experimental
data; the implications of which will be discussed further at the conference.
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Figure a) pressure coefficient of the absorption edge as a function of %Sn. b) relative change in the
absorption edge for 6, 8 and 10% Sn concentrations as a function of pressure.

[1] Z. Zhou, B. Yin, J. Michel, Light: Science and Applications. 2015, 4,11, 358.
[2] Wei Du, et al, Applied Physics Letters, 2014, 104, 241110.
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We report our recent work on II-II-V type (Ba,K)(Zn,Mn),As,, a new diluted magnetic
semiconductor (DMS) which is doped with charge and spin independently. The Curie temperature
(Tc) of (Ba,K)(Zn,Mn),As, (230K) is a reliable record of charge mediated ferromagnetism among all
the DMS. To reach higher Tc, high pressure is used as a promising technique. With the diamond anvil
cell (DAC) to generate high-pressure, high resolution synchrotron spectroscopies (diffraction,
emission, absorption and dichroism) are utilized to detect evolution of crystal structure and the
electronic states with pressure. We reveal that distortion of [MnAs4] tetrahedra and reduction of
interlayer As-As distance induced by pressure are intimately connected to electronic structure,
especially the p-d hybridization, which is a key factor to affect ferromagnetism. These results provide
valuable information to understand the relationship between fine crystal structure and ferromagnetism
in DMS, implying higher Tc can be reached by optimizing crucial features via applying pressure.

Acknowledgement: We would like to thank Professors Ho-Kwang Mao, Daniel Haskel and Wenge Yang
for collaboration.
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Bismuth tellurides (with compositions Bi,Te,) are a class of intermetallic compounds exhibiting
intriguing physical phenomena including superconductivity, thermoelectricity, electronic-topological
transitions and topological insulation. Despite extensive measurements of their physical properties at
high pressure, the understanding of the crystal structures of various Bi-Te high-pressure phases has
remained fragmentary. Using systematic high-pressure synchrotron x-ray diffraction experiments, it
was shown that the materials across the series transform from ordered intermetallic compounds at low
pressure to substitutional alloys at high pressure and, surprisingly, that gentle annealing at only 100°C
induces partial ordering that creates unusual semi-ordered alloys [1]. Using density-functional
calculations, the driving forces for these unusual transitions are identified and electronic properties of
the high-pressure alloys predicted. Before transforming to the body-centred-cubic alloys, some
bismuth tellurides adopt complex host-guest crystal structures, very similar to those observed
previously in the pure elements Ba and Bi (and others) at high pressure, as shown in Fig. 1. Compared
to the elemental host-guest phases, atomic order represents an additional degree of freedom in the
compound/alloy phases, which will be discussed here.

Figure 1: Ba-IV and Bi-III type host-guest crystal structure.

[1]1. Loa, J.-W. G. Bos, R. A. Downie, K. Syassen, Phys. Rev. B 2016, 93, 2241009.
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Even at zero temperature lattice of lithium remains far from static. In periodic table lithium is the first
element immediately after helium and the lightest metal. While fascinating quantum nature of
condensed helium is suppressed at high densities, because of the presence of long range interactions in
metallic systems, lithium is expected to adapt more quantum solid behavior under compression.
Physics of dense lithium offers a rich playground to look for new emergent quantum phenomena in
condensed matter. In this talk I will discuss the physics of ultra-light materials under extreme
pressures and will present some of our studies on quantum contributions to the structural phase
transitions of lithium at low temperature, the structure of its low temperature structure and will present
our results on the resolving the long lasting mystery of lithium ground state'~.

Metastability and quantum effects in ground states structures of lithium isotopes (image credit: W.Z Cai).

[1] Elatresh, S. F.; Cai, W.; Ashcroft, N. W.; Hoffmann, R.; Deemyad, S.; Bonev, S. A., Evidence from
Fermi surface analysis for the low-temperature structure of lithium. Proceedings of the National
Academy of Sciences 2017, 114 (21), 5389-5394;

[2] Ackland, G. J.; Dunuwille, M.; Martinez-Canales, M.; Loa, |.; Zhang, R.; Sinogeikin, S.; Cai, W.;
Deemyad, S., Quantum and isotope effects in lithium metal. science 2017, 356 (6344), 1254-1259.
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Solid-state phase transitions and melting of wurtzite (w-ZnO) and rock salt (s-ZnO) polymorphs
of zinc oxide have been studied at pressures up to 8 GPa and temperatures up to 2500 K using in situ
synchrotron X-ray diffraction and quenching experiments.

Due to the existence of a strong kinetic barrier, at room temperature the w-ZnO — rs-ZnO phase
transition shows a substantial (up to 9 GPa) hysteresis. The hysteresis loop narrows with the
temperature increase, and at ~1000 K the branches of direct and reverse transitions merge at pressure
of about 5.8 GPa, that can be considered as the equilibrium transition pressure, which is in good
agreement with the experimental value of standard enthalpy of the rs-ZnO — w-ZnO transition [1].

The equilibrium p-T phase diagram of zinc oxide has been constructed based on experimental data
and thermodynamic analysis. Calculations of phase equilibria have been performed using models of
phenomenological thermodynamics with interaction parameters derived from our experimental data
on ZnO melting at high pressures and high temperatures. The proposed phase diagram represents only
thermodynamic equilibria between crystalline phases and liquid, not influenced by kinetic phenomena,
and explains all thermodynamic aspects of ZnO polymorphism.

[1] F.Yu. Sharikov, P.S. Sokolov, A.N. Baranov and V.L. Solozhenko, Mendeleev Commun. 2017,
27, 613-614.
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Structural correlations in Cs;CuCly: pressure dependence of electronic and
vibrational structures.
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Cs2CuCly is a wide-gap Charge-Transfer (CT) semiconductor exhibits a puzzling optical behaviour
under pressure associated with the Cu** absorption and its structural changes [1]. Both CI'—Cu?*" CT
and d-d absorption bands undergo unusual pressure shifts and intensity changes showing abrupt jumps
about 4 GPa. The yellow-orange blue colour exhibited by this crystal at ambient conditions and below
4 GPa is mainly defined by the tail of the CT band at about 450 nm [2]. The CuCls* tetrahedra, which
are flattened by the Jahn-Teller (JT) effect, are isolated from each other in the orthorhombic lattice
(Pnma). Their d-d bands do not affect the color as they are split by the JT distortion and appear in the
near-infrared range at 1110 and 1820 nm [2]. The isolated character of CuCls*" in this crystal is clearly
revealed by Raman spectroscopy through the internal distorted (Cs,) tetrahedron modes at I', which
constitutes an efficient probe for local and crystal structures. The variation of the crystal structure under
pressure had been investigated by x-ray diffraction in the 0—4 GPa range [3]. No evidence of structural
transformation was detected in this pressure range. However, Cs,CuCls undergoes a structural phase
transition, which could not be identified by x-ray diffraction [3], yielding a deep color change from
orange to black [4].

In this work, we present an optical absorption and Raman spectroscopy under pressure in the 0 — 20
GPa range. We aim establishing correlations between crystal structure and electronic and vibrational
properties with focus on JT effects, and exploring the high-pressure structure associated with the abrupt
optical changes (electronic structure) transforming the crystal color from range to black. Pioneering
studies [1,4] evidenced a profound change of the electronic spectra about 4 GPa but no precise indication
on either the vibrational or the crystal structure was given. We show that the intense piezochromism at
4 GPa is associated with a structural phase transition from independent CuCls* flattened tetrahedra to a
phase bearing more interconnected, increased coordination number Cu?*.

A detailed analysis on the variations of crystal, vibrational and electronic structures in the Pnma
phase together with a discussion on the high-pressure phase will be given at the Conference. The results
will be compared with those reported in the isostructural non-JT compound Cs,CoCls [5].

[1] H. G. Drickamer, and K. L. Bray, Acc. Chem. Res., 1990, 55-61.

[2] J. Ferguson, J. Chem. Phys. 1964, 40, 3406-3410.

[3] Y. Xu, S. Carlson, K. Soderberg, and R. Norrestam, J. Sol. St. Chem. 2000, 153,212-217.

[4] P. J. Wang and H. G. Drickamer, J. Chem. Phys. 1973, 59, 559-560.

[5] L. Nataf, F. Aguado, I. Hernandez, R. Valiente, J. Gonzalez, M. N. Sanz-Ortiz, H. Wilhelm, A. P.
Jephcoat, F. Baudelet, and F. Rodriguez, F. Phys. Rev. B 2017, 95, 014110.
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GdPO4 from ab initio simulations.
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The APO4 orthophosphates compounds (A= trivalent material) are analogous materials to
orthoarsenates, orthovanadates, and orthosilicates. They are basically formed by AOs or AOy polyhedral
and PO4 tetrahedra. The size of the ionic radio of the A cation defines the two different structures where
this family compounds crystallizes. APO4 compounds with the ionic radio lower than Gd crystallize in
the tetragonal zircon structure (I4;/amd, space group 141 with Z=4). The rest of orthophosphates
crystallize in a monoclinic lower symmetry phase, monazite structure (P2/n, space group 14 with Z=4).
Monazite structure is isostructural to cerium phosphate mineral (monazite). The structure can be viewed
as being composed by alternating edge-sharing AOy polyhedra, with a structural distortion derived from
a rotation of the PO, tetrahedra and a lateral shift of the (100) planes that reduces symmetry from
tetragonal to monoclinic.

In this work GdPO4 monazite-type has been studied under high pressure by first principles
calculations in the framework of density functional theory. The work focuses on the analysis of the
structural, dynamical and elastic properties of this material. Results about the structure and its evolution
under pressure, the equation of state and the compressibility are reported. The evolution of the Raman
and Infrared frequencies, and their pressure coefficients are also presented. Finally, the study of the
elastic constants allows to provide information related with the elastic properties of this compound and
their mechanical stability.
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Figure 1: Relative variation with pressure of the unit-cell and polyhedral volumes for GdPOs.
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Transmittance of 1D superconductor-semiconductor photonic crystal as a function of pressure,
temperature, and thickness of the component layers.
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Using the transfer matrix method, we study the transmittance of 1D photonic crystals made of
alternated layers of a semiconductor (GaAs) and a high-Tc superconductor (HgBa2Ca2Cu30s.s)
under the effects of temperature, applied hydrostatic pressure, and thickness of the layers. The
frequency-dependent dispersion formula according to the two-fluid model was adopted to describe
the optical response of the superconducting system. We found that increasing the superconductor
(semiconductor) layer thickness results in a shift to higher (lower) values of the transmittance cutoff
frequency. Additionally, this cutoff frequency is shifted to lower values with the temperature. Also,
we found that the width of the photonic bandgaps is modified with the applied pressure. The most
notorious result is observed near the 17 THz region, where a new gap appears with the increase in
pressure.
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Elemental material indium (In) is a rare metal with extremely low shear modulus and shows
superconductivity at low temperature of 3.4 K. It has a base-centered tetragonal (bct) structure at
ambient condition. The structure corresponds to a face-centered tetragonal (fct) and is derived from a
face-centered cubic (fcc) by a tetragonal distortion; the c/a ratio of lattice constants is slightly larger
than 1.0. Since aluminum (Al) of the same group in the periodic table has a simple fcc structure, the
origin of the unusual structure of In has been attracted attention of many scientists.

Focusing on the high-pressure stability of this unique structure, high-pressure x-ray diffraction
studies of In have been conducted at pressure up to 90 GPa and a structure transition to an
orthorhombic phase (fco) has found at around 60 GPa. [1,2] After that, the stability of the fco phase
has been verified by ab initio theoretical calculations. [3-5] Recent theoretical study has proposed a
five-stage structural phase transition at pressure up to 1000 GPa: fct(c/a>1) -fco-fct(c/a<l)-fco-
fct(c/a>1) -fce.[6] However, 100 GPa range experimental studies of In remain quite difficult because
of its extremely low shear modulus. The proposed phase transitions have not been verified yet.

In this paper, we report the extension of the structural study of In at pressure up to 170 GPa using
synchrotron powder x-ray diffraction experiments and confirm an fco-fct phase transition at 130 GPa.
The reentrant structure transition is of second order like and the c/a ratio of the fct high pressure phase
is larger than1.0. The observed structure transition is different from the theoretical prediction. [6] The
pressure dependence of the axial ratio of each phase is shown in Figure 1.

St e [1] K. Takemura, Phys. Review B
114 O : fet . 1991, 44, 545.
- ® : fco _ [2] K. Takemura and H. Fujihisa, Phys.
Q ) Rev. B 1993, 47, 14.
9 112 X : Takemura - [3] S. Meenakshi, B.K. Godwal, R. S.
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Figure 1. The pressure dependence of the axial ratio of each phase.
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Molybdenum oxide presents several structural polymorphs, being an interesting model to
investigate how nanostructured materials behave in comparison with the bulk counterpart. The
orthorhombic phase of MoO; (called a-MoOs-form), is thermodynamically stable. It has a lamellar
structure formed by asymmetrical MoOs octahedra connected through corner-linking along [100] and
edge-sharing along [001]. Among several possible forms of the orthorhombic MoO;, we have
investigated the crystal in the nanoribbons morphology (see Figure).

In a previous work, authors [1] showed that nanoribbons a-MoO; exhibit distinct Raman bands
behavior upon temperature variation when compared with the bulk crystal. Also, it is known that
several materials present different behavior between the nanostructure and the bulk counterpart under
high pressure conditions. Using a diamond anvil cell we have investigated in the present work the
vibrational behavior of the material under pressures through Raman spectroscopy up to 21 GPa. We
have observed that the nanoribbons undergo a phase transition from the orthorhombic a-MoOs phase
(space group Pbnm) to the monoclinic phase MoOs—II (space group P2;/m) at 5 GPa. This is an
impressive result because the bulk monoclinic phase undergoes the same phase transition only at 12
GPa [2]. Additionally, changes observed in the Raman spectra suggest a collapse of the nanoribbons
morphology during the phase transition. Finally, scanning electron microscopy (SEM) images showed
that the morphology of the samples is modified during the compression experiment: it goes from the
nanoribbons to spherical particles after compression, as indicated by ex-sifu images.

" .

Figure SEM image of a-MoO3 as synthesized.

[1] J.V. Silveira, L.L. Vieira, J.M. Filho, A.J.C. Sampaio, O.L. Alves, A.G. Souza Filho, J. Raman
Spectrosc. 2012, 43, 1407-1412.

[2] D. Liu, W.W. Lei, J. Hao, D.D. Liu, B.B. Liu, X.Wang, X.H. Chen, Q.L. Cui, G.T. Zou, J. Liu, S.
Jiang, J. Appl. Phys. 2009, 105, 23513-1-23513-7.
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The family of Ti-based RTiO; compounds, where R stands for a rare-earth ion, crystallize in the
GdFeOs-type perovskite structure (SG Pnma, Z=4) at ambient conditions [1]. They all have a
single electron in the ,, orbitals of the Ti 3d shell (Ti*") and are all Mott insulators [2,3]. Upon
decreasing the ionic radius in the rare-earth series from La to Y, the structural distortions
increase and, consequently, the one-electron bandwidth gets smaller [2,3]. LaTiO; exhibits the
smallest structural distortions among the series and, concomitantly, has the smallest optical
band gap (E,~0.1 eV [1]). The latter implies that LaTiO; is on the verge of an insulator-to-metal
transition. Indeed, previous high-pressure mid-infrared reflectivity investigations [4] detected
the onset of an insulator-to-metal transition above 10 GPa.

The pressure-induced metallization motivated us to perform high-pressure x-ray
diffraction (XRD) and Raman studies on LaTiO; in order to detect the response of the structure
and the lattice dynamics. From our XRD study, we observe an isostructural transition taking
place at ~10 GPa which coincides with the metallization of the compound. Upon further
compression, the orthorhombic Prnma phase transforms into a tetragonal /4/mcm structure above
30 GPa. High-pressure Raman studies at ambient and low temperatures are consistent with the
XRD results. We have observed an unusual enhancement of the Raman intensity upon entering
the metallic state; a possible explanation of this peculiar behavior in terms of electronic
correlations is offered.

[1] D. A. Crandles, T. Timusk, J. D. Garrett, and J. E. Greedan, Phys. C 201, 407 (1992).

[2] M. Mochizuki and M. Imada, New J. Phys. 6, 154 (2004) and references therein.

[3] E. Pavarini, A Yamasaki, J Nuss, and O K Andersen, New J. Phys. 7, 188 (2005) and
references therein.

[4] I. Loa, X.Wang, K. Syassen, M. Hanand, T. Lorenz, H. Roth, and Y.-L. Mathis
(unpublished).
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Synthesis of a novel structure of cesium superoxide via x-rays and high
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Recently, we have created a novel compound (doped polymeric carbon monoxide) by irradiating
strontium oxalate with synchrotron hard x-rays via the following suspected chemical reactions at
ambient and high pressure [1]:

SrC204 + hv = SrCO3 + CO
n(CO) + hv = p-CO

We sought to investigate catatonic dependence of this x-ray photochemical reaction by irradiating
cesium oxalate monohydrate (Cs2C204-H20) in a diamond anvil cell (DAC) at ambient and high
pressure (<0.5 GPa). When irradiated with X-rays of energies near the K-edge of cesium (~36 keV)
[2] at high pressure, the material transformed into a number of products including cesium superoxide
(Cs0O2) as evidenced with Raman spectroscopy and x-ray diffraction. The diffraction pattern observed
from CsO; exhibits a new type of crystal structure which previously has not been reported to the best
of our knowledge. According to first principle calculations the observed crystal structure is a new type
of bee structure. Additionally, based on cascades of ultrafast electronic relaxation steps triggered by
the absorption of X-ray photons, we propose a model explaining the X-ray induced damage of
multitype bounded matter. This discovery may enable a means for novel chemical and structural
synthesis harnessing highly energetic, highly penetrating, and highly focusable hard x-rays in
combination with high pressure.
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Figure 1: (Left): Schematic of the experiment. (Right): Theoretically-predicted crystal structure of CsO2
computed from the observed diffraction pattern produced after irradiating Cs2C204-H20 in a DAC. The
green and red spheres represent Cs and O atoms, respectively.

[1] M. Pravica, E. Evlyukhin, P. Cifligu, B. Harris, J. Koh, N. Chen, Y. Wang, Chem. Phys. Lett. 2017,
686, 183-188.

[2] D. Goldberger, E. Evlyukhin, P. Cifligu, Y. Wang, M. Pravica, J. Phys. Chem. A. 2017, 121,
7108-7113.
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A number of recent works demonstrate an enormous technological potential of 2D
trichalcogenides of the transition metals, TX; (T = Ti, Zr, Hf, Nb, or Ta, and X = S, Se or Te), e.g., for
nano-electronics, optoelectronics, flexible electronics, third-generation solar photovoltaic applications,
and novel nanophotonic devices [1-2]. For these and other reasons, this class of functional 2D
materials is promising for industry.

In this work we experimentally investigated an effect of applied high pressure on variations of
the thermoelectric and electrical properties of single-crystalline 2D titanium and zirconium
trichalcogenides (TiS;, ZrS;, ZrSe; and ZrTe;) at the range of pressure up to 10 GPa. Single-
crystalline samples of all these 2D materials were grown by a direct reaction of a cation wire and a
corresponding chalcogen. High pressure experiments were carried out with automated setup with
anvil-type high-pressure cell of a toroidal type in which both hard-alloy anvils had semispherical
cavities [3]. We followed pressure evolution of the Seebeck coefficient and electrical resistance for
these four compounds at room temperature. We observed a number of crossovers in their pressure
behavior and addressed them to band structure reconstruction. Our study shows that some of these
compounds, if they are appropriately strained or alloyed, may be promising for thermoelectricity. We
propose a number of potential industrial applications of the new effects we found in these 2D
materials.

The research was carried out within the state assignment of FASO of Russia (theme
“Electron” No. AAAA-A18-118020190098-5).

[1]Y. Jin, X. Li and J. Yang., Phys. Chem. Chem. Phys. 2015, 17(28), 18665-186609.

[2] W.-W. Xiong, J.-Q. Chen, X.-C. Wu and J.-J. Zhu., J. Mater. Chem. C 2014, 2, 7392.

[3] V. V. Shchennikov, S. V. Ovsyannikov, A. Y. Manakov., J. Phys. Chem. Solids 2010, 71,
1168—1174.
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Mg,Si is an indirect-bandgap semiconductor with the energy gap of 0.64 eV at room
temperature[1] and the higher electron doping to about 10?° cm™ is achieved with various dopants|[2,
3] and the sintering of the Mg»Si powder is also possible[4]. Higher doping and easy sintering are
important for making the thermoelectric device. The first generation Mg>Si thermoelectric device
expected to convert high-temperature heat energy at about 500 C to electric energy is currently
developing for the field test[S]. To improve further electronic transport and thermoelectric power
factor and to understand phonon transport to decrease lattice thermal conductivity work together in
making better thermoelectric Mg>Si [2, 5, 6]. For the next generation Mg>Si thermoelectric device the
higher conductivity more than 1 mQ!-cm! is expected to reach the better thermoelectric power factor
exceeding 10 mW/K?m. In the last few years the several high-pressure studies for the thermoelectric
doped Mg>Si semiconductor have been published on the Seebeck effect decreasing with increasing
pressure[7], the neutron bombardment effect colliding with Mg atom[8], the mid-infrared optical
property showing the light effective masses from 0.255me. to 0.361m.[9], and the phase transformation
occurring at about 10 GPa from the ambient anti-fluorite phase (Fm-3m) to the anti-cotunnite phase
(Pnma)[10]. We have studied for the first time the Hall effect in sintered thermoelectric n-type Al-
doped Mg>Si to elucidate the carrier transport mechanism up to the pressure of 2.5 GPa and in the
range of temperature from 10 K to 300 K. The conclusion which we have obtained is that the
scattering of electron of thermoelectric sintered n-type Al-doped Mg>Si is primarily the impurity
scattering and the intervalley scattering but the grain boundary scattering is not important.

[1] H. Udono, H. Tajima, M. Uchikoshi, and M. Itakura, Jpn, J. Appl. Phys., 2015, 54, 07JB06 and
references therein.

[2] M. Akasaka, T. IIda, A. Matsumoto, K. Ymanaka, Y. Takanashi, T. Imai, and N. Hamada, J. Appl.
Phys., 2008, 104, 013703 and recent articles in various journals.

[3] J. Zhao, Z Liu, J. Reid, K. Takarabe, T. lida, B. Wang, Y. Uwatoko, and J. Tse, J. Mater. Chem. A,
2015, 3, 19774.

[4]J. Li, X. Li, B. Cai, C. Chen, Q. Zhang, Z. Zhao, L. Zhang, F. Yu, D. Yu, Y. Tian, B. Xu, J. Alloy
Comp., 2018, 741, 1148-1152 and this article shows the high-pressure bulk synthesis of Mg>Si.

[5] T. Nemoto, T. lida, J. Ssto, T. Sakamoto, N. Hirayama, T. Nakajima, and Y. Takanashi, J.
Electron. Mater., 2013, 42, 2192-2197.

[6] T. Shiga, D. Aketo, L. Feng, and J. Shiomi, Appl. Phys. Lett., 2016, 108, 201903.

[7] N. V. Morozova, S. V. Ovsyannikov, I. V. Korobeinikov, A. E. Karkin, K. Takarabe, Y. Mori, S.
Nakamura, and V. Shchennikov, J. Appl. Phys., 2014, 115, 213705.

[8] A. E. Karkin, V. I. Voronin, N. V. Morozova, S. V. Ovsyannikov, I. V. Korobeinikov, K.
Takarabe, Y. Mori, S. Nakamura, and V. Shchenniko, J. Phys. Chem. C, 2016, 120, 9692-9701.

[9] J. Zhao, Z. Liu, J. Reid, K. Takarabe, T. lida, B. Wang, Y. Uwatoko and J.S.Tse, J. Matter. Chem
A, 2015, 3, 19774.

[10] J. Zhao, Z. Liu, R. A. Gordon, K. Takarabe, J. Reid, J.S.Tse, J. Appl. Phys., 2015, 118, 145902.



Th4.10-P20

2D Electrons Concentration and Mobility in n-GaAs/AlGaAs:Si
under Uniaxial Stress

E. V. Bogdanov* and N. Ya. Minina

Lomonosov Moscow State University, Leninskie Gory 1, 119991 Moscow, Russia
*bev@mig.phys.msu.ru

High quality n-GaAs/Aly,9Gag71As:Si single heterostructures , grown by MBE epitaxy on (001)
GaAs substrate and characterized (at temperature T = 4.2 K in the dark) by initial electron
concentration n = 2-10"" cm™ and mobility Ugak = 2.2:10° cmz/V/s, were investigated under external
uniaxial compression up to P = 3.5 kbar along [110] direction in the dark and after illumination.

I[llumination by infrared diode (hv = 1.32 eV < E, = 1.67 eV — energy gap in Alj,0Gag7,As at the
temperature of the experiment T = 1.7 K) leads, after the diode switching, to the persistent
photoconductivity (PPC) with 2D electron concentration and mobility in the quantum well (QW)
increased in 2.5 and 4 times correspondingly. Qualitatively, this result implies light excitation of deep
DX centers, connected with Si dopant and responsible for the persistent photoconductivity, that is
accompanied with decrease of scattering centers after the spacer.

Under compression, we observed decrease of 2D electrons mobility and concentration in PPC
state. They are controlled by arising piezoelectric field, that at P ~ 3 kbar is already comparable with
electric field at the heterointerface and directed in our case from the heterointerface to the substrate
[1]. Taking into account that at T = 1.7 K the main scattering mechanism in a QW is ionized impurity
scattering due to remote donors [2] and taking into consideration some geometry characteristics of the
investigated heterostructures, we can quantitatively calculate the ratio pjum/paak On the base of the
observed concentration behavior (see Fig.1). We assume that electrons, leaving the QW in arising
piezoelectric field, tunnel back to DX centers.
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Figure 1: Experimental (circles) and calculated for a number of models pressure dependence of Ljjpym/ dark ratio.

The represented on the Figure 1 results of calculations are performed for the 3 models of DX
center ground state: (1) DX - negative and gives away one electron under illumination, (2) DX* -
negative and gives away two electrons, (3) DX’ — neutral. Good agreement with the experimental
results let us conclude that the ground DX state is realized in the investigated heterostructures and
under illumination: DX + hv — DX’ + ¢".

[1] V.N.Kravchenko, N.Ya. Minina, A.M. Savin and O.P. Hansen, JETP 2000, 91, 1250-1260.
[2] K. Lee, M.S. Shur, T.J. Drummond and H. Morcos, J. Apple. Phys. 1983, 54, 6432-6438.



Th4.11-P22 Abstract Form, HPSP18&WHS?2

Metastable Superconductive Phase of Topological Insulator Sb>Te3
Obtained by High-Pressure-High-Temperature Treatment

S. Buga'*"N. Serebryanaya'-?, IKruglov2 V. Kulbachinskiy*?, V, Kytin®, N. Lvova!,
S. Tarelkin', and V. Blank '

I Technological Institute for Superhard and Novel Carbon Materials, Troitsk, Moscow 108840,
Russia
2 Moscow Institute of Physics and Technology, Dolgoprudny, Moscow Region 141700, Russia.
3 Lomonosov Moscow State University, Faculty of Physics, GSP-1, Leninskiye Gory,
Moscowl19991, Russia,

*buga@tisnum.ru

Extensive high-pressure studies revealed phase transitions of topological isolators like SboTes,
BixTe; and BisSes into new structures which possess superconductivity at low temperature and high
pressure [1-3]. Superconducting topological insulators attract much attention due to unusual quantum
states — Majorana fermions, appropriate to non-abelian quantum computing. However, structures of
superconducting high-pressure phases investigated earlier were ordinary, not topological insulator. In
our study we employed the method of high-pressure-high-temperature (HPHT) treatment at P =4 GPa,
T=873K to synthesize new metastable phase of Sb,Tes which is superconductive with Tconset = 2.0 K at
normal pressure (Fig. 1a) and displaying the particular topological insulator properties. Its crystal
structure is monoclinic (C2/m) with the cell dimensions: a=15.644(80) A, h=4.282(8) A, ¢=9.382(20)
A, p=89.70(5)°. In the temperature range of 50 - 3 K the electrical conductivity decreases as a square
root function of temperature that is typical to degenerate semiconductors due to quantum corrections to
electron-electron interaction and proper to 2D superconductors. The low critical current value of about
2 mA in the metastable m-Sb,Te; phase (Fig.1 b) and an absence of the detectable heat capacity effect
at the superconducting transition also indicate a low-dimensional character of the superconductivity
which may refer to the surface of the crystal grains. The zero-field magnetic susceptibility cusp (Fig.
1c) and linear positive magnetoresistance indicate the topological insulator state. Thus metastable phase
of Sb,Tes topological insulator obtained by high-pressure-high-temperature treatment possesses surface
superconductivity and may be interesting for Majorana fermions search.
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Figure 1. Magnetic field effect on superconductivity transition temperature in m-Sb,Tes phase (a). Current-
voltage characteristic at T = 1.76 K (b) Magnetic susceptibility vs magnetic field at room temperature (c).

[1] S.J. Zhang, J. L. Zhang, X. H. Yu, et al., J. of Appl. Phys. 2012, 111,112630
[2] F. J. Manjon, R. Vilaplana, O. Gomis, et al., Phys. Status Solidi B 2013, 250, No. 4, 669-676.
[3]1J. Zhu, J. L. Zhang, P. P. Kong, et al., Sci. Rep. 3, 2016; DOI:10.1038/srep02016.
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The structural phase behavior of high quality single crystals of methylammonium lead iodide
(CH3NH3Pbl; or MAPDI3) was revisited by combining Raman scattering and photoluminescence (PL)
measurements under high hydrostatic pressure up to ca. 10 GPa. Both PL and Raman spectra show
simultaneous changes in their profiles that indicate the occurrence of three phase transitions
subsequently at around 0.4 GPa, 2.7 GPa and 3.3 GPa. At the second phase transition, the Raman spectra
exhibit a pronounced reduction in linewidth of the phonon modes of the inorganic cage, similar to the
changes observed at the tetragonal-to-orthorhombic phase transition occurring at around 160 K but
ambient pressure [1]. This behavior is interpreted as evidence for the locking of the organic cations in
the cage voids above 2.7 GPa, due to the reduced volume and symmetry of the unit cell. At the third
phase transition, reported here for the first time, the PL is greatly affected, whereas the Raman
experiences only subtle changes related to a splitting of some of the peaks. This behavior may indicate
a change mostly in the electronic structure with little effect on the crystal structure. Strikingly, no
amorphization of the sample was observed up to the highest pressure which reached close to 10 GPa, in
frank discrepancy with most of the high-pressure (x-ray) data of the literature [2], which established an
onset of 3 GPa for the set in of an amorphous phase in MAPIs.
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Fig. 1: Raman mode frequencies of the inorganic cage phonons of MAPI3 as a function of pressure. Pressures at
which a phase transition occurs are indicated by vertical dashed lines.

[1] Leguy, A.M.A. et al., Phys. Chem. Chem. Phys. 2016, 18, 27051-27066.
[2] Postorino, P. & Malavasi, L., J. Phys. Chem. Lett. 2017, 8, 2613—-2622 and references therein.
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Pressure enhanced performance in perovskite photovoltaic materials

Wenge Yang*, Xujie Lu, Yonggang Wang, Lingping Kong and Gang Liu

Center for High Pressure Science and Technology Advanced Research, Shanghai 201203, China
*yangwg@hpstar.ac.cn
Hydrostatic pressure provides a very efficient route to tune the materials properties, and has been
widely used for new materials synthesis and enhancing their performance. The recent fast
development on the organic-inorganic hybrid perovskites (ABX3) attracted great interest on the
advanced photovoltaic and optoelectronic applications. Here we demonstrate the pressure effect to the
halide perovskite family with their structural evolution, band gap engineering, light induced
photocurrent enhancement, and structure stability under pressure cycling. Combining the available x-
ray, transport and optical probing tools with pressure treatment, we can tune the band-gap towards the
Shockley-Queisser limit, double the carrier lifetime, improve the photocurrent at high pressure and
quenched samples. In this talk, we will compare the pressure effect on the performance with different
organic ions A, lead and non-lead B ions, and different halide choice in X. The comprehensive results
can improve our understand on the fundamental mechanism of the crystalline structure, electronic
structure, physical and chemical properties, and develop a routine pass-way for advanced materials

synthesis with tailored properties.
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Figure The structure evolution of MAPbBr3 under high pressure.

[1]1Y.Wangetal.,J. Am. Chem. Soc., 137, 11144 (2015)
[2] L. Kong et al. , PNAS 113, 8910 (2016)

[3] X. Lu et al., Adv. Mater. 28, 8663 (2016)

[4] G. Liu et al., Adv. Funct. Mater. 27, 1604208 (2017)
[5] X. Lu et al., Chem. Sci. 8, 6764 (2017)
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Installation of a laser drilling system and diamond anvil cell for transport
measurements up to 60 GPa
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I Center for Novel States of Complex Materials Research, Department of Physics and Astronomy, Seoul
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Various novel physical phenomena have been discovered under high pressure [1]. High pressure has
become important tuning parameter in condensed matter physics up to date. We have built various
pressure tools from 0.2 to 60 GPa for measuring the transport properties under high pressure. We made
the piston cylinder cell under 3 GPa, which can be used in QD-PPMS. It has been already used in our
laboratory, I modified it to use higher pressure up to 4 GPa. Secondly, I have built the Bridgman anvil
cell which can be used from 2 to 8 GPa. In case of Bridgman cell we can not measure the resistivity
under 2 GPa. We have had a need for higher pressure experiment than 8 GPa for a long time. Now we
build the diamond anvil cell. We set up the laser drilling system for making the hole of gasket which is
most difficult part to build the DAC. Now we succeed it and can be made the size of hole about 50
micro-meter. Especially we use the cubic Boron Nitride(c-BN) which is the thicker than metal gasket
of sample space [2]. It is only possible by laser drilling system. The various pressure tools are prepared
in our laboratory; we can investigate the physical properties under multiple pressure.

Cubic anvil cell
Py = 10 GPa

Piston cylinder cell \00
P =4 GPa '
60 GPa @?%\
= e P
@
4 GPa Diamond anvil cell
Pax = 60 GPa
Bridgman anvil cell
Prax =8 GPa
\

Figure. The spectrum of pressure tools from 1 to 60 GPa.

[1] Lev P. Gor’kov and V. Z. Kresin, Rev.Mod. Phys., 2018, 90, 011001.
[2] N. Funamori and T Sato, Rev. Sci. Instrum., 2008, 79, 053903
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Pressure-tuned superconductivity and normal-state behavior in
Ba(Fe943Co0¢,57)2AS, near the antiferromagnetic boundary
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Superconductivity in iron pnictides is unconventional and pairing may be mediated by magnetic
fluctuations in the Fe sublattice. Pressure is a clean method to explore superconductivity in iron based
superconductors by tuning the ground state continuously without introducing disorder. Here we
present a systematic high pressure transport study in Ba(Fe,_,Coy ),As, single crystals with x = 0.057,
which is near the antiferromagnetic instability. Resistivity p = py + AT " was studied under applied
pressure up to 7.90 GPa. The parameter n approaches a minimum value of n = 1 at a critical pressure
P. = 3.65 GPa. Near P, the superconducting transition temperature 7, reaches a maximum value of
25.8 K. In addition, the superconducting diamagnetism at 2 K shows a sudden change around the same
critical pressure. These results may be associated with a possible quantum critical point hidden inside
the superconducting dome, near optimum 7.

[1] W. Liu et al., Phys. Rev. B. 2018, 97, 144515.



Fr1.1 (invited) Abstract Form, HPSP18&WHS?2

Anharmonic effects and optical spectra in superconducting hydrogen
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Abstract:

The recent measurement of a superconducting critical temperature (Tc) of 203 K in the sulfur hydrogen
system is a major breakthrough in the field of superconductivity. This measurement offers new hopes to
find sooner than later room-temperature superconductivity in other hydrogen-rich compounds or
hydrogen itself. Actually, many theoretical calculations have predicted astonishingly high Tc values for
hydrogen at megabar pressures. However, considering that anharmonicity has shown to decrease Tc in
several hydrides, one might expect anharmonicity might strongly impact superconductivity in hydrogen
too. We present first-principles calculations of metallic atomic hydrogen in the 400-600 GPa pressure
range in a tetragonal structure with space group I4,/amd, which is predicted to be its first atomic phase, an
characterize anharmonic phonon frequencies within the stochastic self-consistent harmonic approximation
(SSCHA) and the associated modification on its predicted superconducting transition temperature [1].
Additionally, we will also present the full optical spectra of atomic hydrogen in this phase, which can

help to experimentally characterize the metallic and superconducting transitions [2].

[1] Miguel Borinaga, Unai Aseginolaza, lon Errea, Matteo Calandra, Francesco Mauri,and Aitor Bergara,
Phys. Rev. B 96, 184505 (2017).
[2] M. Borinaga, J. Ibafiez-Aziroz, A. Bergara and 1. Errea, Phys. Rev. Lett. 120, 057402 (2018).
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Superconductivity in Titanium Hydrides at High Pressures
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Discovery of high-temperature superconductivity in sulfur hydrides at megabar pressures breaks
the traditional belief for conventional superconductors. Exploration of superconductivity in phonon-
mediated hydrides compounds has activated great interests in the research field of high-temperature
superconductivity. Dense hydrides are expected to show very unusual physical properties, such as
metallic conductivity and high-temperature superconductivity. We use first-principles calculations to
study structural, vibrational, and superconducting properties of titanium hydrides at high pressures. A
series of H-rich structures have been explored. We report its high-pressure novel structural phases
accompanied by electronic calculations and electron-phonon couplings. Our simulations established
the high temperature superconductive nature of titanium hydrides and provided useful route for
experimental verification.
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[1] A. P. Drozdov, M. L. Eremets, I. A. Troyan, V. Ksenofontov, and S. 1. Shylin, Nature (London).
2015, 525, 73.

[2]Y. Li, J. Hao, H. Liu, Y. Li, and Y. Ma, J. Chem. Phys. 2014, 140, 174712.

[3] D. Duan, X. Huang, F. Tian, D. Li, H. Yu, Y. Liu, Y. Ma, B. Liu, and T. Cui, Phys. Rev. B. 2015,
91, 180502.

[4] Y. Li, L.Wang, H. Liu, Y. Zhang, J. Hao, C. J. Pickard, J. R. Nelson, R. J. Needs,W. Li, Y. Huang
et al., Phys. Rev. B. 2016, 93, 020103.

[5] I. Errea, M. Calandra, C. J. Pickard, J. Nelson, R. J. Needs, Y. Li, H. Liu, Y. Zhang, Y. Ma, and F.
Mauri, Phys. Rev. Lett. 2015, 114, 157004.
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The topological properties have received strong interest both theoretically and
experimentally in recent years. Insulators can be classified into conventional insulators and
topological insulators with protection by time-reversal symmetry. By analogy from insulator
to metal, semimetals are divided into trivial and nontrivial semimetals topologically in
electronic structure, with the latter including Weyl, Dirac, and node-line semimetals.

Weyl semimetals are semimetals or metals whose quasiparticle excitation is the Weyl
fermion. Remarkably, Weyl fermions are robust while carrying currents, giving rise to
exceptionally high mobility [1]. It was predicted that an inversion-breaking single crystal
NblIrTe, is a Weyl semimetal candidate [2].

In this study, we obtained measurements based on the resistivity, synchrotron X-ray
diffraction, using the Weyl semimetal NblrTe, at high pressures. Our experiments indicated
that NblrTe, exhibited a pressure-induced superconductivity at 1.6GPa with transition
temperature (Tc*™*) ~2.2K. The superconducting transition temperature increased to a
maximum ~5.1 K with pressures up to 15.8GPa. The possible topological superconductivity
emerges in the Weyl semimetal phase could provide abundant evidence for understanding the
fundamental mechanism and potential pathway for functional device design from the practical
aspect.

[1]. Jia, Shuang, Su-Yang Xu, and M. Zahid Hasan. "Weyl semimetals, Fermi arcs and chiral
anomalies." Nature materials 15.11 (2016): 1140-1144.

[2]. Li, Lei, et al. "Ternary Weyl semimetal NblrTe, proposed from first-principles
calculation." Physical Review B 96.2 (2017): 024106.
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Diamond Anvil Cell with Boron-doped Metallic Diamond
Electrodes for Resistivity Measurement under High Pressure
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High pressure is a promising tool to obtain new functional materials which cannot appear under
ambient pressure. For example, the discovery with great surprise of high temperature
superconductivity in HsS at ~200 K was recently reported under 150 GPa [1]. Diamond anvil cell
(DAC) is most useful apparatus to generate high pressures, however, a resistivity measurement using
DAC is quite difficult because it requires tiny and hard electrodes. Moreover, an insulating layer
should be inserted between the electrodes and a metal gasket to separate each other, which is also
broken by applying pressure. In this study, we focused on the boron-doped metallic diamond and
undoped diamond as a very hard electrode [2,3] and an insulating layer [4], respectively, as shown in
Fig. 1. The maximum pressure of the developed DAC was confirmed up to 104 GPa (Fig. 2). The
resistivity measurements of carrier-doped SnSeo.99So.01 Single crystals have been demonstrated using
the developed device under various pressures. As shown in Fig. 3, we clearly observed the insulator-
metal-superconductor transition with the increase of pressure up to 75 GPa, using the developed DAC.

“Top 120

] ‘ ; ‘ L 104 A | | | (ISR [ i W Grir st | 10
diamond anvil 1104 GPa L E ~0.15 i el ] I
7 g \‘. H ] ® Rsoox G 42.4GPa
2\ ) / _ 100+ o T 10°] | ®Rx @ 01 46.5GPa E
o ] o [ 1| erome £ -8
\‘ / ® 80 s a102§ ® 7o 5 0.05 g
— ~— B ~— 3 i L
= () E o L6
~1£//(Gasket - &5 " S : P 0 3 T y o~
- 8 ® % 10 3 Temperature (K) F %
Diamond .Diamo_nd g .. ‘@' 0' ./._‘_..—‘-\“N_. 74 R
electrodes insulating & 40— & 10" insulator I
® o 3 Superconductor 2
) o 1 =
20 J .. 1073 metal
0 1o° 0 10 20 30 40 50 60 70 soo
0 200 400 .
Figure 1 : Stroke (um) Applied pressure (GPa)
Configuration of DAC Figure 2 : Pressure Figure 3 : Pressure phase diagram of SPSEo,QQSo:o}
generation Inset shows the R-T near the superconducting transition

[1] A. P. Drozdov, M. I. Eremets, I. A. Troyan, V. Ksenofontov, S.l. Shylin, Nature 2015, 525, 73.

[2] R. Matsumoto, Y. Sasama, M. Fujioka, T. Irifune, M. Tanaka, T. Yamaguchi, H. Takeya, Y.
Takano, Rev. Sci. Instrum. 2016, 87, 076103.

[3] R. Matsumoto, T. Irifune, M. Tanaka, H. Takeya, Y. Takano, Jpn. J. Appl. Phys. 2017, 56,
05FCO1.

[4] R. Matsumoto, A. Yamashita, H. Hara, T. Irifune, S. Adachi, H. Takeya, Y. Takano, arXiv:
1803.01300, 2018.
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Development of Thermoelectric Measurement at High-temperature and
High-pressure using Six-axis Multi-Anvil Press
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The research of the thermoelectric material, which can change the heat energy into the electric energy,
has been actively studied as one of the methods to aim at the low carbon society. Especially, magnesium
silicide (Mg2Si) is a promising thermoelectric semiconductor because the raw materials of it have a large
deposit and a harmless to the human body. We have performed the high-pressure synthesis by means of a
piston cylinder method to synthesize to the high purity Mg.Si with the stoichiometric composition of
Mg:Si=2:1, because the high-pressure technique can control not only the evaporation of Mg but also the
reaction temperature of Mg.Si [1]. In the thermoelectric measurement of the compound, the thermoelectric
performance never improved dramatically. However, Morozova et al. reported that the Power factor of Al-
doped Mg,Si at 2 GPa increased by 10 times of the ambient pressure [2]. In order to understand the
behavior under high-pressure, it is necessary to develop the measurement technique of the Seebeck
coefficient and the electric resistance under high-pressure and high-temperature.

In this paper, we developed the thermoelectric measurement system at high-temperature and high-
pressure using six-axis multi-anvil press.

The pressure was generated by the six-axis multi-anvil
press, which was installed in the Institute for Planetary

Materials, Okayama University. High-pressure cell |\

consists of a pyrophyllite body as a pressure medium,
zirconia tube as heat insulator, two graphite disks as
heaters, 4-leads for the measurements and powder supply, ——1 -
two thermocouples to measure the both side temperature i I

of sample, as shown Fig. 1. The sample was placedinthe || | | /
offset-position, and the size was 2.25 mm in height and \

3.0 mm in diameter. The temperature was controlled,

individually to generate the temperature gradient in the

sample. The pressure experiment was carried out from  Fig.1 Schematic image of high-pressure cell
1.0 GPa to 2.5 GPa. The temperature condition was from for the measurement.

573 K to 773 K with 50 K intervals and the temperature

difference for the temperature gradient was from minus 20 K to plus 20 K.

The results of Seebeck coefficient were reproducibility obtained by the several cycle measurements
within the difference of 20 1 V/K. The Seebeck coefficient increased because the carrier increased
with increasing temperature. The value of Seebeck coefficient under pressure became smaller than
that at ambient pressure, and the temperature, which the value of Seebeck coefficient was maximum,
shifted to higher temperature. It is considered that the mobility of carrier decreased under pressure.
The pressure dependence of the Seebeck coefficient increased with increasing pressure, because the
band-gap of the semiconductor narrowed under pressure.

Acknowledgement: The study was performed by “Joint Usage / Research Centre” program by MEXT at the
Institute for Planetary Materials, Okayama University. The work was supported by JSPS KAKENHI Grant
Number 17K06847 and 26420731, and Foundation for “Okari GAP”, Okayama University of Science.

[1]Y. Mori, Y. Kaihara, S. Nakamura, T. Yoshino and K. Takarabe., phys. stat. solidi. (c), 2013, 10,
1847-1849.

[2]N. V. Morozova, S. V. Ovsyannikov, I. V. Korobeinikov, A. E. Karkin, K. Takarabe, Y. Mori,S.
Nakamura, V. V. Shchennikov, J. Appl. Phys., 2014, 115, 213705 1-9.
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Recently a new class of matter, topological insulators (TI), was predicted and experimentally
observed in HgTe/(Cd,Hg) Te quantum wells (QWSs) with inverted band structures [1,2]. In these systems
bulk states coexist with gapless surface/edge states protected by time reversal symmetry.

By changing the QW width, HgTe/(Cd,Hg)Te system can be tuned from the trivial band
insulator (BI) phase into the topological insulator phase [1]. As shown in Ref. 3, such a phase transition
can also be driven by using a hydrostatic pressure or temperature (see Figurel).

In this work, we report on experimental
and theoretical investigations of pressure-driven

phase transitions in HgTe/(Cd,Hg)Te quantum 20 — T=0K

wells forming two-dimensional topological _ 46 [ — T=100K

insulator (2DTI). We observe that nonlocal § [

resistance (a fingerprint of charge transport via 5 12 ¢

edge states) survives up to a certain critical ; r

magnetic field Bc. With increasing hydrostatic § 81
pressure,_B_C decreases and eventually vanishes at & 3 '_lf N
some critical pressure Pc. Our results are 1 Bl SM
interpreted in terms of the pressure-induced 0 S
transition from 2DTI phase to normal band (] 4 8 12 16 20
insulator phase. The determined pressure d, nm

dependence of B. shows good agreement with Figure 1: Pressure phase diagram for (001)
results of theoretical pressure dependent band ~H9Te/CdorHgosTe QWSs, grown on a CdTe buffer [3,4]

structure computations within the eight-band k-p model [3].

[1] B. A. Bernevig, T. L. Hughes, and S.-C. Zhang, Science 2006, 314, 1757.

[2] M. Konig, S. Wiedmann, C. Brune, A. Roth, H. Buhmann, L. W. Molenkamp, X.-L. Qi, and S.-C.
Zhang, Science 2007, 318, 766.

[3] S. S. Krishtopenko, I. Yahniuk, D. B. But, V. I. Gavrilenko, W. Knap, and F. Teppe, Phys. Rev. B
2016, 94, 245402.

[4] M. Marcinkiewicz, S. Ruffenach, S. S. Krishtopenko, A. M. Kadykov, C. Consejo, D. B. But, W.
Desrat, W. Knap, J. Torres, A. V. lkonnikov, K. E. Spirin, S. V. Morozov, V. I. Gavrilenko, N. N.
Mikhailov, S. A. Dvoretskii, and F. Teppe, Phys. Rev. B 2017, 96, 035405.
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single crystal graphite
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We perform an extensive study of the basal electrical resistivity of single crystalline natural
graphite as a function of temperature between 4 and 300K and as a function of pressure, applied at
ambient temperature, up to 30GPa. We observe the transition to the cold compressed graphite phase.
We describe the evolution of the low temperature scattering in the metallic state at low pressures,
comparing it to DFT calculations. We follow the evolution of the resistivity of the sample at high
pressures as it is transiting towards the high reassure structure and conclude that it is due to tunneling
between graphitic regions separated by insulating sp® regions.
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Figurel Electrical resistivity of a natural graphite single crystal as a function of temperature for
different pressures. As a function of pressure we observe first an increase of metallicity and then a
gradual increase of the resistivity with a passage to an activated behavior..
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Grineisen Parameter in Quantum Critical Yb-Based Quasicrystal
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Unconventional quantum criticality discovered in heavy-electron quasicrystal (QC) YbisAlssAus:
has attracted great interest [1]. The criticality is common to those observed in periodic crystals B-YbAIB4
[2] and a-YbAl.FexBs (x=0.014) [3], which is well explained by the theory of critical Yb-valence
fluctuations (CVF) [4]. The QC YbisAlzsAus; exhibits the robust criticality under pressure and a new
type of scaling called T/B scaling, which are also explained by the theory of the CVF [5,6].

Recently, not diverging Grineisen parameter I" toward the lowest temperature T =70 mK has been
observed in the QC YhisAlssAusi[7]. Surprisingly, its absolute value || at T =70 mK is smaller than that
in the 1/1 approximant crystal (AC) YbisAlssAus:, which shows the Fermi-liquid behavior. This poses
a serious challenge to the conventional understanding that |T'| diverges at any quantum critical point
(QCP) [8].

To clarify the mechanism, first we construct the complete framework for calculating the specific heat
C, the thermal-expansion coefficient o, and the Griineisen parameter I" near the magnetic QCP on the
basis of the theory of spin fluctuations [9]. Then, we apply this formalism to the case of the CVF near
the QCP of the valence transition. We show that the measured behaviors of C, a, and T" in the QC
YbisAlssAus; are naturally explained, which are consistent with the robust criticality under pressure
[10]. The difference in T at the lowest temperature between the QC and AC is shown to reflect the
difference in the pressure derivative of characteristic energy scales between the CVF and the Kondo
temperature.

In the presentation, we discuss these newly clarified aspects of the quantum critical phenomena in
strongly-correlated electron systems. If time permits, we also discuss the recently-measured lattice-
constant dependence of the Yb valence in the QC Ybis(Al, Ga)ss(Au, Cu)s: [11], which reveals that
YbisAlssAus; is located at just the point where the Yb valence starts to change sharply as a function of
the lattice constant [12].

This presentation is based on the work done in collaboration with K. Miyake.

[1] K. Deguchi et al., Nature Mat. 11, 1013 (2012).

[2] S. Nakatsuji et al., Nat. Phys. 4, 603 (2008); Y. Matsumoto et al., Science 331, 316 (2011).
[3] K. Kuga et al., Science Adv 4, 3547 (2018).

[4] S. Watanabe and K. Miyake, Phys. Rev. Lett. 105, 186403 (2010).

[5] S. Watanabe and K. Miyake, J. Phys. Soc. Jpn. 82, 083704 (2013).

[6] S. Watanabe and K. Miyake, J. Phys. Soc. Jpn. 85, 063703 (2016).

[7] P. Gegenwart et al., Rep. Prog. Phys. 79, 114502 (2016).

[8] L. Zhu et al., Phys. Rev. Lett. 91, (2003) 066404.

[9] S. Watanabe and K. Miyake, J. Phys. Soc. Jpn. 86, 034712 (2018).

[10] S. Watanabe and K. Miyake, submitted to J. Phys. Soc. Jpn. 86, (2018).

[11] K. Imura et al., unpublished.

[12] S. Watanabe and K. Miyake, J. Phys.: Condens. Matt. (2018) https://doi.org/10.1088/1361-
648X/aab817.
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Pressure-induced novel superconductivity and quantum critical
phenomena in nonmagnetic systems

Kazuyuki Matsubayashi

Department of Engineering Science, Graduate School of Informatics and Engineering,
The University of Electro-Communications, Chofu, Tokyo 182-8585, Japan
k.matsubayashi@uec.ac.jp

Understanding the mechanism of superconductivity and a strange metallic behaviour near a
guantum critical point (QCP) is a focus of intense research efforts in condensed matter physics. In
particular, the unconventional criticality, which cannot be explained by the spin fluctuation theory, has
been experimentally reported and evokes the involvement of other fluctuations associated with such as
charge and orbital instability. However, the complex coupling to magnetic degrees of freedom
prevents the investigation of the role of other degrees of freedoms. In this talk, we present our recent
high-pressure studies on nonmagnetic quadrupolar system PrTiAly [1] and possible excitionic
insulator TazNiSes [2], providing new insights into the unconventional quantum critical behavior and
the emergence of superconductivity possibly associated with such as an orbital and excitonic
instability [3,4]. These works have been done in collaboration with A. Sakai, S. Nakatsuji, N.
Katayama, A. Nakano, H. Sawa, T. Kaneko, T. Toriyama, T. Konishi, Y. Ohta, Y. Ikemoto, T.
Moriwaki, H. Okamura, T. Mizokawa, M. Nohara, K. Kitagawa, H. Takagi and Y. Uwatoko.

[1] A. Sakai et al., J. Phys. Soc. Jpn. 2012, 81, 083702.

[2] Y. F. Luetal., Nat. Commun. 2017, 8, 14408.

[2] K. Matsubayashi et al., Phys. Rev. Lett. 2012, 109, 187004.
[4] K. Matsubayashi et al., 2017, submitted
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Recently, the relationship among superconductivity, nematicity, and magnetism has been paid
much attention in iron-based systems. S-doped FeSe offers an attractive stage in investigating the
relationship. FeSe has a unique 7-P phase diagram: following a nematic phase at high
temperatures, a superconducting (SC) phase manifests below 9 K without magnetism. The
nematic phase disappears under pressures above 2 GPa, and instead an antiferromagnetic (AF)
phase manifests [1]. In S-doped FeSe, the nematic phase and the AF phases are separated by the
SC phase in the 7-P phase diagram [2], which allows one to investigate the effect of nematicity
and magnetism on superconductivity separately.

We investigated the relationship between magnetic fluctuations and superconductivity via ”’Se
NMR for 12%-S doped FeSe, where 7. reaches 26 K at 3.0 GPa._Figure shows the relaxation rate
divided by temperature (1/7:7). At 0.1 MPa, clear Curie-Weiss behavior was observed in 1/717T,
and the peak corresponds to Te.. In general, magnetic fluctuations are enhanced near the AF phase
boundary, and thus the Curie-Weiss behavior would be enhanced at 3.0 GPa. However, the Curie-
Weiss behavior is hardly enhanced despite that 7. is enhanced at 3.0 GPa. A possibility to
understand this anomalous result is that the SC state would be different between low and high
pressure regimes. To confirm this assumption, the measurements at intermediate pressures
between 0.1 MPa and 3.0 GPa are needed. In the conference, we will show the data measured at
1.0 and 2.0 GPa, and discuss the relationship between superconductivity and magnetism.
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Figure Relaxation rate divided by temperature (1/717) measured at ’’Se sites under a magnetic field

of 60 kOe. The peaks at 9 K and 22 K correspond to 7¢c at ambient and 3.0 GPa, respectively.

[1]J.P.Sun, et al., Nat. Commun. 7, 12146 (2017).
[2] K. Matsuura, et al., Nat. Commun. 8, 1143 (2017).
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Quantum Critical behavior of LaFeAsO;,H, under pressure
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*Material Research Center for Element Strategy, Tokyo Institute of Technology, 4259 Nagatsuda,
Midori-ku, Yokohama 226-8503, Japan
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Hydrogen-doped LaFeAsO is a prototypical iron-based superconductor. However, its phase diagram
is quite unigque unlike the conventional one: the SC phase is sandwiched between two
antiferromagnetic (AF) phases appearing in lightly (x=0.05) and heavily (x=0.49) H-doped regimes
[1, 2]. Figure 1 shows a schematic phase diagram and color plots of magnetic fluctuations determined
from the relaxation rate of "°As divided by temperature (1/T,T). The AF phase (x=0.49) is strongly
suppressed by applying a pressure of 3.0 GPa. A pressure-induced phase transition from the AF to SC
phases occurs at x~0.5. A "bare" AF quantum critical point (QCP) manifests at x~0.55 [3] and is
located away from the optimal doping level (x~0.2) [4]. For x=0.6, 1/T,T exhibits a peak at Ty
followed by Curie-Weiss behavior with decreasing temperature. The result suggests that the gapped
excitation originating from the AF state and the gapless excitation characteristic to the QCP coexist.
We applied further pressure for x=0.6 to investigate whether a pressure-induced AF QCP manifests.
We found that the peak of 1/T,T remains up to 3.7 GPa, and it completely disappears at 4.0 GPa,
implying that the pressure-induced QCP is located at around 4.0 GPa.

At the conference, we will compare two QCPs appearing by H doping and pressure application in
relationship with the superconductivity.

AF: Antiferromagnetic phase

SC: Superconducting phase

QCP: Quantum critical point <
=

T(K)

1f-10°
ﬂ— 10"
-10?
P(GPa) 0 .

0.0 0.1 0.2 0.3 0.4 0.5 0.6

Figure 1. Schematic phase diagram of LaFeAsO;,H, and color plots of spin fluctuations measured from
1/T,T at "As. Sugares show the superconducting transition temperatures (T,) determined from the NMR
measurements, and triangles and circules are T.s determined from the resistivity measurements.

[1] N. Fujiwara, et al, PRL 2013, 111, 097002.

[2] R. Sakurai, et al, PRB 2015, 91, 0645009.

[3] N. Fujiwara, et al, PRB 2017, 96, 140507(R).
[4] N. Kawaguchi, et al, PRB 2016, 94, 161104(R).
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Further information

Conference updates will be posted at:
https://congresses.icmab.es/hpsp18-whs2/

For enquiries please contact:
Prof. Alejandro R. Goii

ICREA Research Professor
Institut de Ciencia de Materials de
Barcelona (ICMAB-CSIC)
Campus de la UAB

E-08193 Bellaterra

Spain

Tel: +34-93-580 1853 ext. 378
Fax: +34-93-580 5729

E-mail: goni@icmab.es
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