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Preface 

The International Joint 20th AIRAPT and 43th EHPRG Conference provides an 
excellent platform to review and to discuss the state-of-the-art and recent advances 
in High Pressure Research. The conference is highly multidisciplinary covering high 
pressure phenomena in Chemistry, Physics, Material Science and Technology, 
Geophysics, Bioscience and Biotechnology and Food Science.  

The last conferences have been held on Hawaii (1999), in Bejing (2001) and 
Bordeaux (2003). In 2005, the International Conference on High Pressure Science 
and Technology will take place in Karlsruhe. Its Technical University has a long 
tradition in High Pressure Research and Development starting the Sixties of the last 
century, when E.U. Franck began with his outstanding work in the field of 
supercritical fluids, particularly fascinated by water. Motivated by geochemical 
aspects his work resulted in important contributions to chemical and energy 
engineering issues. 

For the scientific programme, 14 regular as well as 5 special sessions on most actual 
topics are planned. Three plenary lectures and 18 keynotes will introduce and 
highlight particular areas of High Pressure Research.  In addition, a special lecture in 
the honour of E.U. Franck will be held. Both, AIRAPT and EHPRG will have general 
assemblies and will award meritorious scientists. During this conference, the actual 
state-of-the-art in High Pressure Science and Research is reported and 
interdisciplinary cross-linking to new experimental and theoretical approaches as well 
as to new applications is possible. Young researchers have the opportunity to 
present their work on a high international standard. A social programme and a 
technical tour will complete the conference.  

We did our best to prepare the conference to be an exiting event, setting up a 
demanding scientific programme provided in a comfortable environment, in which 
new friendships and joint activities can be formed and new ideas are created to 
further develop the field of our common interests, High Pressure Research and 
Technology. 

 

Eckhard Dinjus 

Conference Chairman 

June, 2005 



General Information 

 

First, there was nothing ... 

Karlsruhe was founded in 1715 as "dream city" of Margrave Karl-Wilhelm - in those 
days the official residence in Baden. 

From the very start, Karlsruhe was lined up as a city without walls, open for friends 
and guests. The Rhine plains between the Black Forest and the Vosges mountains of 
France offered the very best conditions and features for a successful new city. 

The fascinating structure - radial in shape like a fan - aroused worldwide interest. The 
master builder and architect, Weinbrenner, created the numerous classical buildings 
which today attract a great number of visitors from all over the world. 

In 1823 the city landmark, the Pyramid, was built. Two years later, in 1825, the senior 
technical college, or Technische Hochschule, commenced its teaching programme. 

In 1950, the Federal Supreme Court (Bundesgerichtshof) moved to Karlsruhe, 
followed by the Federal Constitutional Court one year later. Karlsruhe became home 
to the West German administration of justice. 

And today ... 

Karlsruhe has 272,268 residents (status 2003). The city has an area of 173.49 km² 
and stretches 16.8 km from north to south, and 19.3 km from east to west. Karlsruhe 
has a circumference of 82.4 km, of which 11.5 km are alongside the Rhine.  

 





Tours & Social Programme 

  

Evening Programme 

Welcome Reception 
June 26, 2005 

The organisers are pleased to welcome the congress participants and their 
accompanying person(s) to Karlsruhe as well as to the Joint AIRAPT and EHPRG 
Congress. The informal reception will take place on June 26, 2005 at 7 pm. You will 
have the possibility to meet friends and colleagues and exchange experiences with 
them. 

 

 

Conference Dinner in a breath-taking atmosphere 
The Castle of Schwetzingen 
June 29, 2005 

Schwetzingen is used to treat guests like kings. When in the 18th century the Elector 
of Schwetzingen, Carl Theodor, had chosen the Castle of Schwetzingen and its 
gardens to be his summer residence, he wanted to create a place of enthusiastic 
well-being. In our opinion this Castle is the right setting for our Conference dinner on 
June 29, 2005. 

The buses will pick up those participants registered for the conference dinner at the 
main entrance of the Stadthalle of the Congress Centre Karlsruhe at 6.15 pm. It will 
take about 45 minutes from Karlsruhe to Schwetzingen. 

Upon arrival at the Castle at about 7 pm you will be welcomed by old familiar tunes 
presented by the baroque group "Aqua Viva". The ladies will be enthusiastic about 
the dresses, maybe the gentlemen as well. After the short official reception in the 
foyer of the Castle the delicious buffet will be opened at about 8 pm lasting until 
10.30 pm. At about 11 pm the buses will leave to bring you back to the Stadthalle at 
the congress centre in Karlsruhe. 

 
 



Tours 

Tour 1: "Loose Your Heart To Heidelberg" 
Monday, June 27, 2005 

With its delightful location at the edge of the Odenwald and its harmonious 
appearance of the old part of the town, the castle ruins and river Neckar, Heidelberg 
is rightly regarded as one of the most beautiful cities of Germany. After a guided 
sightseeing tour and a visit to the castle you will have the opportunity to discover 
Heidelberg on your own. Enjoy the international flair and the charm of this romantic 
city. 

Meeting Point: Congress Center Karlsruhe (Stadthalle), departure 9.30 am  

 

Quelle KMK-Archiv 

 
 
 



Tour 2: "Life In The Black Forest" 
Tuedsday, June 28, 2005 

The Black Forest is one the most fascinating regions of Germany. Typical features 
are the Black Forest Farms. You will find 6 of them built in the 16th and 17th century 
in the open-air museum "Vogtsbauernhof" at Gutach. Afterwards a visit to 
"Dorotheenhütte" at Wolfach is scheduled. This is the only glass hut in the region 
which is still celebrating the fascinating art of hand-made glass production. You 
recover from these impressions during a typical luncheon served at Zell before your 
journey will be continued to the legendary "Mummelsee". 

Meeting Point: Congress Center Karlsruhe (Stadthalle), departure 9.30 am  

 

Quelle KMK-Archiv 

Tour 3: "What's Going On In Karlsruhe" 
Wednesday, June 29, 2005 

Congress participants and their accompanying persons are invited to see the 
particular sites of Karlsruhe. Registering for this tour is absolutely necessary for 
giving us the possibility to arrange for corresponding transfers. 

Meeting Point: Congress Center Karlsruhe (Stadthalle), departure 1.15 pm  

 

Quelle KMK-Archiv 

  



Tour 4: "Visit Our French Neighbours" 
Thursday, June 30, 2005 

Vis-à-Vis of Karlsruhe you will find France. Use this opportunity to visit the cultural 
capital of the Alsace: Strasbourg. 

The Minster of Strasbourg towers over the romantic Old City with its numerous 
picturesque stores, bistros and cafés. In a guided tour Strasbourg will show at its 
best. This tour is followed by a relaxing boat trip to "La Petite France", the famous 
water district of Strasbourg. 

Meeting Point: Congress Center Karlsruhe (Stadthalle), departure 9.30 am  

 

Quelle CUS – G. Engel 



Technical Tour  
Friday, July 1, 2005 

On Friday, July 1, a technical tour visiting the Forschungszentrum Karlsruhe is 
offered. Forschungszentrum Karlsruhe is one of the biggest scientific and 
engineering research institutions in Europe and funded jointly by the Federal 
Republic of Germany and the State of Baden-Württemberg. Its research and 
development programme is embedded in the superordinate programme structure of 
the Hermann von Helmholtz Association of National Research Centres and 
concentrates on the five research areas of Structure of Matter, Earth and 
Environment, Health, Energy, and Key Technologies. From these topics four 
highlights have been selected for the visit, which will be presented during the 2 hours 
tour: 

• Institute for Synchrotron Radiation - Light for lithography and analytics from 
far infrared to hard X-ray from the 2.5 GeV electron synchrotron radiation 
source ANKA 

• Institute for Technical Chemistry - Converting biomass to hydrogen by 
supercritical water gasification - the 100 kg/h plant VERENA 

• Institute for Solid State Physics - Preparation and high-resolution 
spectroscopy of systems with strongly correlated electrons 

• Institute for Technical Physics - Development and structure of 
superconductors  

 
Busses will depart at the Karlsruhe Congress Centre on Friday, July 1, at 2.15 pm 
leaving for the Forschungszentrum which is located around 10 km north of Karlsruhe. 
The participants will be back at the Congress Centre and the Main Station of 
Karlsruhe at 5 pm latest. 
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Programme at a Glance 
 

Scope  

In 2005, the International Conference on High Pressure Science and Technology as 
the Joint 20th AIRAPT and 43th EHPRG Meeting will be held in Karlsruhe. Karlsruhe 
has a long tradition in High Pressure Research and Development back to the Sixties 
of the last century, when E.U. Franck started his outstanding work in the field of 
supercritical fluids, particularly fascinated by water. Motivated by geochemical 
aspects his work also resulted in important contributions to chemical and energy 
engineering issues. Today, several institutes of different research facilities around 
Karlsruhe are working in the field of Supercritical Fluids contributing to a broad range 
of fundamentals and applications. Technical Tours to visit a selection of these 
institutions are offered on Friday, July 1,2005.  

During the conference the actual state-of-the art in High Pressure Science and 
Research will be reported providing an excellent platform to present your work to an 
international audience. The conference is highly multidisciplinary covering high 
pressure phenomena in Chemistry, Physics, Materials Science and Technology, 
Geophysics, Bioscience, Biotechnology and Food Science.Topical as well as Special 
Sessions are planned. In addition a lecture in honour of Prof. E.U. Franck will be 
given. 

The scientific programme is embedded in a framework of social events, the highlight 
being the conference dinner in the unique baroque palace in Schwetzingen near 
Heidelberg. 

Scientific Programme  

To cover the entire diversity in methodology, experimental techniques, application, 
and theory of high pressure science and technology, the scientific programme will be 
organized in plenary lectures (PL), a set of parallel oral sessions (OS) and poster 
sessions (PS). Attention is paid to selected topics in Special Sessions. 

 





Topics of Orals and Posters  
 
TOPICS 
 
T1     Theory, molecular dynamics and equation-of-state   

T2      Synchrotron based studies 

T3      Electrical and magnetic properties 

T4     Optical and acoustic properties   

T5      Spectroscopy under high pressure 

T6      Synthesis and properties of novel materials 

T7      Pressure dynamics and shock waves   

T8      Geological, marine and planetary science   

T9      Bioscience and food technology  

T10    Phase transitions and transformations of fluids and solids 

T11    Photoluminescence under pressure 

T12    Structural studies   

T13    Chemical reactions in supercritical fluids   

T14    Advances in Equipment and Methods   

 

 

SPECIAL SESSIONS 
 

1)  Superhard Materials, SHM 

2)  Water, Ice and Clathrates, WIC 
3)  Correlated Electron Systems, CES 
4)  Nanostructured Materials, Nanomat 

5)  Workshop: International Practical Pressure Scale (IPPS) 



 Sunday Monday Tuesday Wednesday Thursday Friday 
08:00

 

Registration Plenary
Prof. Isaac F. Silvera IPPS T13 T9

EHPRG Award Plenary
Prof. Rudi van Eldik08:30 Opening 

09:00 Plenary
Prof. Russel J. Hemley T1 T6 Nanomat EHPRG General 

Assembly T7 T3 T2
09:30 Coffee Break 
10:00 Coffee Break Coffee Break AIRAPT General 

Assembly
Lecture in Honour of

Prof. E. U. Franck
(Prof. F. Hensel)

Coffee Break Coffee Break 
10:30

AIRAPT Award T4 T12 Nanomat T7 T13 T9 T11 T3 T211:00

11:30
Lunch

12:00
Lunch Lunch Lunch

Closing Remarks
12:30

Social Excursion -
Tour 3

Lunch 13:00

T8 T10 T1

 
Poster Session
T1, T6, T8, T10,
T12, CES, IPPS, 
Nanomat, SHM

Poster Session
T3(includes T2, T4,

T11), T5, T7, T9, T13, 
T14, WIC 

13:30

Technical Tour

14:00 CES:
Correlated
oxide and 

related 
systems

14:30
Coffee Break 

15:00 Coffee Break Coffee Break

T5 T13 WIC
15:30

SHM T12 T1

CES:
f-electron
systems 
(valence, 

magnetism)

T10 T616:00
AIRAPT Comm. 

Meeting  16:30

T14 T13 WIC

 

17:00  
SHM T12 T5

CES:
Quantum

critical 
phenomena

T10 T617:30 EHPRG Comm. 
Meeting

Conference Dinner at
Schwetzingen Castle

18:00

 

18:30  

  
19:00

Conference Welcome
Reception

20:00

21:00

22:00



Programme Monday 

Location Alfred-Mombert-Saal   Hans-Thoma-Saal Johann-Peter-Hebel-Saal
  

8:00 Registration 
9:00     Opening Remarks
9:30    Plenary
10:30 Coffee Break 
11:00     AIRAPT Award
12:00 Lunch 
13:00 Artem R. Oganov                                       (T8 - KN) 

ETH Zürich, Switzerland 
High-pressure mineralogy: state of the art and future

Vadim Brazhkin                                 (T10 - KN) 
Institute for High Pressure Physics, Russia 
Structural study of phase transformations in 
solid and liquid halogenides (ZnCl2, AlCl3) under 
high pressure 

John Tse                                                (T1 – KN) 
University of Saskatchewan, Canada 
Molecular Dynamics and Equation of State 

13:30 Gerd Steinle-Neumann                            (T8 - O23) 
University of Bayreuth, Germany 
Absence of charge localization in compressed 
magnetite from first principle computations 

Céline Sortais-Soulard                   (T10 - O30) 
CEA – DPTA, France 
Thermodynamic and electronic structure study of two 
pressure-induced stuctural phase transitions of 
PdSe2: interconversion path and structural 
preferences between the CdI2-, PdS2- and pyrite-type 
structures. 

Eunja Kim                                            (T1 - O161) 
University of Nevada, USA 
Pressure-induced B1-to-B2 phase transition in 
AgSbTe2: A first-principle study 

13:50 Daniel Jung                                              (T8 - O62) 
ETH Zürich, Switzerland 
Ab initio treatment of minerals at high pressures and 
temperatures 

Marina Bastea                                 (T10 - O50) 
Lawrence Livermore National Laboratory, USA 
Kinetics of dynamically driven polymorphic and 
freezing phase Transformations 

Agnès Dewaele                                   (T1 - O160) 
Commissariat a l'Energie Atomique – DPTA, France 
Equations of state of metals at ultrahigh pressure 

14:10 Gerd Steinle-Neumann                            (T8 - O88) 
University of Bayreuth, Germany 
Al, Fe incorporation into post-perovskite from first 
principles 

Valery Levitas                                  (T10 - O74) 
Texas Tech University, USA 
Crystal-Amorphous and Crystal-Crystal Phase 
Transformations via Virtual Melting 

Daniel Orlikowski                               (T1 - O147) 
Lawrence Livermore National Laboratory, USA 
Thermoelasticity at High Temperatures and 
Pressures: Molybdenum and Tantalum 

14:30 Artem R. Oganov                                    (T8 – O33) 
ETH Zürich, Switzerland 
New high-pressure phase of Al2O3 and implications 
for Earth’s D” layer. 

Yuichi Akahama                              (T10 - O89) 
University of Hyogo, Japan 
Structure transition of Sc to 295 GPa 

Aitor Bergara                                      (T1 - O120) 
University of the Basque Country, Spain 
Pressure Induced Fermi Surface Evolution in Ligth 
Alcalies 

14:50 Coffee Break 
15:20 Vladimir Turkevich                                (SHM - KN) 

National Academy of Sciences of Ukraine, Ukraine 
Diamond and cBN Crystallization: Thermodynamics 
and Kinetics 

Arthur Ruoff                                      (T12 - KN) 
Cornell University, USA 
Metallization of Silane at 100 GPa 
 

15:20 Tian Cui                                 (T1 – O115) 
Jilin University, China 
Pressure effects on the absorption of 
phase Nb-H system 



Programme Monday 

   15:40 Donat Adams                          (T1 – O49) 
ETH Zürich, Switzerland 
Molecular Dynamics Simulations of cubic 
CaSiO3 at lower mantle conditions 

15:50 Yann Le Godec                                    (SHM - O68) 
Universite Pierre et Marie Curie, France 
Cubic boron nitride crystallization in fluid systems - 
in situ studies 

Christine Kuntscher                        (T12 - O41)
Universität Stuttgart, Germany 
Infrared properties of the quasi-one-dimensional 
superconductor β-Na0.33V2O5 under pressure 

16:00 Julia Contreras-Garcia           (T1 – O51) 
Universidad de Oviedo, Spain 
Quantum mechanical simulation of 
pressure induced polymorphism in AgCl 16:10 Ted Lowther                                         (SHM - O14) 

University Witwatersrand, South Africa 
Potential super-hard phases and the stability of 
diamond-like BnCm structures 

Takanori Hattori                              (T12 - O64) 
Keio University, Japan 
Structure of Liquid Silver Halides at high 
pressures 

16:20 Mehul Patel                             (T1 – O57) 
Lawrence Livermore National Laboratory, USA 
Molecular dynamics simulations of 
pressure-induced solidification 16:30 

Break 
16:40 Break 

17:00 Natalia Dubrovinskaia                      (SHM – O130) 
Bayreuth University, Germany 
New Bulk Superhard Semiconducting C-B 
Composite 

Reed Patterson                               (T12 – O59) 
Lawrence Livermore National Laboratory, USA 
Structural Studies on Dy to 119 GPa and 
Applications to Lanthanide Systematics 

Julio Pellicer-Porres                          (T5 – O141) 
University of Valencia, Spain 
Experimental and theoretical investigation of the 
electronic structure of CuAlO2 delafossite under 
high pressure 

17:20 Guangtian Zou                                  (SHM – O156) 
Jilin University, China 
Synthesis and Novel Properties of Pure Phases of 
C3N4 at High Pressure and High Temperature 

Hyunchae Cynn                            (T12 – O118) 
University of California, USA 
X-ray diffraction and Raman of GaP using a 
laser heated diamond anvil cell 

Anatoly Tsvyashchenko                     (T5 – O32) 
Russian Academy of Sciences, Russia 
High Pressure 111Cd - TDPAC Spectroscopy of 
YbAl2 compound 

17:40 Takashi Taniguchi                              (SHM – O81) 
National Institute for Materials Sciences, Japan 
High-pressure synthesis of high purity single crystal 
of cubic and hexagonal boron nitride and their band-
edge natures 

Gennady Kanel                               (T12 – O85) 
Russian Academy of Sciences, Russia 
A failure wave phenomenon in brittle materials 

Tetsuji Kume                                        (T5 – O78) 
Gifu University, Japan 
High-pressure Raman study on type III clathrate 
compounds 

18:00 Valery Levitas                                      (SHM – O73) 
Texas Tech University, USA 
Strain-Induced Disorder, Phase Transformations 
and TRIP in Hexagonal Boron Nitride under 
Compression and Shear in a Rotational Diamond 
Anvil Cell: In-Situ X-ray Diffraction Study and 
Modeling 

Gwenaelle Rousse                         (T12 – O21) 
University Paris VI, site Boucicaut, France 
Structure of intermediate high pressure phase of 
PbX compounds 

Martine Castellà-Ventura                    (T5 – O19) 
Université Pierre et Marie Curie, France 
Proton Transfer under High Pressure 

 



Programme Tuesday 

Location Alfred-Mombert-Saal   Hans-Thoma-Saal Johann-Peter-Hebel-Saal
  

8:30    Plenary
9:30 Stanislaw Krukowski                         (T1 – O203)

Polish Academy of Sciences, Poland 
Nitrogen (N2) equation of state in pressure up to 
10 kbar - molecular dynamic simulation 

Jonathan Crowhurst                         (T6 – O154) 
Lawrence Livermore National Laboratory, USA 
Synthesis of a noble metal nitride under extreme 
conditions 

Alfonso San Miguel                (Nanomat – O302) 
University Lyon 1, France 
Resonant Raman spectroscopy of single wall 
carbon nanotubes under pressure 

9:50 Sven Rudin                                           (T1 – O58) 
Los Alamos National Laboratory, USA 
Density Functional Theory Calculations on EOS 
and Phase Stability of Beryllium 

Alexander Goncharov                         (T6 – O96) 
Lawrence Livermore National Laboratory, USA 
Cubic boron nitride under extreme conditions of 
high pressure and temperature: a combined 
Raman and theoretical study 

Michael Popov                        (Nanomat – O206) 
Technological Institute for Superhard and Novel Carbon 
Materials, Russia 
Superhard nanocluster-based materials 
synthesized from single wall nanotubes 

10:10 Takahiro Ishikawa                               (T1 – O97) 
Osaka University, Japan 
Exploring the structure of the P-IV phase for 
phosphorus by using metadynamics 

Gerard Demazeau                                (T6 – O45) 
CNRS and University Bordeaux 1, France 
Synthesis of novel materials under high pressures 

Wei Gao                                     (Nanomat – O66) 
Jilin University, China 
Behavior of Structural Metastability in 
Nanocrystalline FeS 

10:30 Coffee Break 
11:00 Vijayakumar Viswanathan         (T12 – O116) 

BARC – HPPD, India 
The chalcogenide spinel,CuIr2S4, under 
high pressure 

11:00 Michel Gauthier                                     (T4 – KN) 
Université Pierre et Marie Curie, France 
Progress in ultrasonic measurement at high 
pressure 

11:00 Y. Iwasa                          (Nanomat – KN) 
Tohoku University, Japan 
Nanocarbon materials under high 
pressure 

11:20 Alfonso San Miguel              (T12 – O83) 
University Lyon 1, France 
High pressure properties of carbon and 
silicon clathrates 

11:30 Jeffrey Nguyen                                  (T4 – O111) 
Lawrence Livermore National Laboratory, USA 
Crystal Characterization Using Optical Properties 

11:30 Alexander V. Soldatov      (Nanomat – O196) 
Lulea University of Technology, Sweden 
Physical properties of Carbon 
Nanostructures derived from Fullerene 
C70 at high pressure 

11:40 Itzhak Halevy                         (T12 – O70) 
NRCN, Israel 
High pressure study and electronic 
structure of the NiAl and Ni3Al alloys 

11:50 C.K. Jayasankar                                (T4 – O305) 
Sri Venkateswara University, India 
Luminescence study of Eu3+:phosphate glass 
under pressure 

11:50 C. Q. Jin                      (Nanomat - O304) 
Chinese Academy of Sciences, China 
The properties of nano BaTiO3 ceramics 
fabricated by high pressure 

12:00 Anthony Williams                 (T12 – O54) 
University of Edinburgh, UK 
High Pressure Synthesis, Crystal 
Structure, Magnetic & Transport 
properties of Cr-doped strontium 
ruthenates, SrCrxRu1-xO3

12:10 Lucie Nataf                                           (T4 – O36) 
Université P. et M. Curie, France 
Elastic properties of invar Fe64Ni36

12:10 Bingbing Liu              (Nanomat – O133) 
Jilin University, China 
High pressure induced polymerization of 
C60 nanorod 

12:30  
Lunch 

12:20
Lunch 12:30  

Lunch 



Programme Tuesday 

13:30  
Poster Session 

 
14:30 Ingo Loa                                          (CES – O192) 

Max-Planck-Institut FKF, Germany 
Pressure-Driven Orbital Reorientation and Band 
Gap Closure in Transition-Metal Perovskites 

15:00 M. Paz-Pasternak                            (CES – O201) 
Tel Aviv University, Israel 
Pressure Stimulated Charge-Crossover in 
Transition-Metal Oxides and Hydroxides 

Poster Session Poster Session 

15:30 Coffee Break 
16:00 Alexander Lyapin               (T10 – O140) 

Russian Academy of Sciences, Russia 
Transitional high-pressure diagrams of 
amorphous fullerene-based molecular 
and quasi-chain forms of carbon 

16:00 H. Kobayashi                                  (CES – O199) 
University of Hyogo, Japan 
Structural and vibrational properties on CuFeS2 
under pressure 

16:00 Eugene Gregoryanz                 (T6 – KN) 
Carnegie Institution of Washington, USA 
Synthesis and Characterization of 
Transition Metal Nitrides 

16:20 Anurag Srivastava              (T10 – O157) 
Guru Ghasidas University, India 
Pressure Induced Phase Transitions in 
PbSnTe Alloy 

16:30 Wataru Utsumi                        (T6 – O53) 
Atomic Energy Research Institute, Japan 
Single crystal growth of gallium nitride by 
slow cooling of its congruent melt under 
high pressure 

16:30 A. Barla                                            (CES – O198) 
IPCMS-GEMME, France 
Pressure-induced magnetic phase transitions in 
selected lanthanide and actinide compounds 

16:40 Serge Desgreniers              (T10 – O168)
University of Ottawa, Canada 
On the Nature of Solid Oxygen Beyond 
the epsilon-zeta Phase Transition 16:50 Hubert Huppertz                     (T6 – O43) 

Ludwig-Maximilians-Universität München, 
Germany 
Associating Borate and Silicate Chemistry 
by Extreme Conditions: High–Pressure 
Synthesis and Crystal Structure of the 
Novel Borates RE3B5O12 (RE = Er - Lu) 

17:00 Marek Tkacz                        (T10 – O170) 
Institute of Physical Chemistry, PAS, Poland 
Pressure-induced hexagonal to cubic 
transition in the Yttrium and Rare-Earth 
trihydrides 

17:00 Vladimir Sechovsky                       (CES – O158) 
Charles University, Czech Republic 
Pressure influence on magnetism in uranium 
intermetallics 

17:10 Graziella Goglio                      (T6 – O48) 
CNRS and University Bordeaux 1, France 
About the synthesis and magnetic behavior of 
new layered oxides structurally related to 
natural micas 

17:30 Break 
 

17:20

Break 17:30 Break 



Programme Tuesday 

17:40 Choong-Shik Yoo                 (T10 – O16) 
Lawrence Livermore National Laboratory, USA 
Pressure-induced electronic Mott 
transition in MnO 

Michael Popov                                   (T6 – O181) 
Technological Institute for Superhard and Novel Carbon 
Materials, Russia 
Photo-induced polymerization of nitrogen at multi-
Mbar pressure 

17:40 D. Jaccard                                       (CES – O202) 
University of Geneva, Switzerland 
High pressure transport and AC calorimetric 
studies of some correlated electron systems 

18:00 Chrystèle Sanloup              (T10 – O163) 
University Paris-6, France 
Polymolecular high-pressure phase of 
nitrogen 

Eugene Dizhur                                     (T6 – O12) 
Institute for High Pressure Physics of RAS, Russia 
High Pressure Study of Many-Particle Interactions at 
Metal-Insulator Transition in Low Dimensionality 
Electron Systems 

18:10 E. Bauer                                           (CES – O197) 
Vienna University of Technology, Austria 
Tuning of superconductivity and magnetic order of 
heavy fermion CePt3Si by substitution and 
pressure 

18:20 O. Grasset                             (T10 – O42) 
UMR 6112, France 
The high-pressure phase diagram of the 
NH3-H2O system 

Gabor Laurenczy                               (T6 – O146) 
EPFL – ISIC, Switzerland 
Synthesis and characterisation of the ruthenium(II) 
hydride/ dinitrogen complex under gas pressures in 
aqueous solution 

18:40 Gendo Oomi                                    (CES – O200) 
Kyushu University, Japan 
Pressure-induced quantum instability in highly 
correlated f-electron systems 

 Changqing Jin                                   (T6 – O123) 
Chinese Academy of Sciences, Inst. of Physics, China 
Novel perovskite Compounds at Elevated High 
Pressure 



Programme Wednesday 

Location Alfred-Mombert-Saal   Hans-Thoma-Saal Johann-Peter-Hebel-Saal
  

8:30 Gerard Demazeau                        (T13 – KN) 
CNRS and University BORDEAUX 1, France 
Solvothermal reactions:new trends in 
Materials Sciences 

W. Kremer                                        (T9 – KN) 
Universität Regensburg, Germany 
Characterization of pressure-stabilized 
functional important protein states by high 
resolution NMR spectroscopy 

9:00 Tetsuo Aida                               (T13 – O138) 
Kinki University, Japan 
The Development of a Novel Methodology for 
Observing Discontinuous Behavior of Density 
of Compressed Gases by Light Scattering 

Marwen Moussa                          (T9 – O184) 
University of Burgundy, France 
Synergistic or antagonistic effects of combined high 
pressure subzero temperature microbial-
inactivation: Involvement of thermodynamic 
properties of water 

9:20 Valerie Tanneur                          (T13 – O10) 
CEA - DTCD/SPDE/LFSM, France 
Fluidised bed in supercritical phase 

Philipp Heindl                              (T9 – O175) 
Federal Research Centre for Nutrition and Food, 
Germany 
High pressure effects on the infectious prion 
protein 

8:30 

IPPS 

9:40 Jan Jansen                                (T13 – O185) 
Helmut-Schmidt-University/University of the 
Federal Armed Forces Hamburg, Germany 
Controlling the selectivity of separation 
processes by pressure 

Roland Winter                              (T9 – O105) 
University of Dortmund, Germany 
Composition Fluctuations and Microdomains 
in Three-component Model Biomembrane 
Systems - The Effects of Temperature, 
Pressure and Lipid Composition 

10:00  
Coffee Break 

 
10:30  AIRAPT General Assembly  
12:00  

Lunch 
 

13:00  
Social Excursions 

 
17:00  
18:30  

Conference Dinner at Schwetzingen Castle 
 

 



Programme Thursday 

Location Alfred-Mombert-Saal   Hans-Thoma-Saal Johann-Peter-Hebel-Saal
  

8:30 
 

 
EHPRG Award 

 
 

9:30 
 

 
EHPRG General Assembly 

 
 

10:30  
Coffee Break 

 
11:00 Vladimir Fortov                                     (T7 – KN) 

Russian Academy of Sciences, Russia 
Pressure Ionization of Multiple Shock 
Compressed Plasmas at Megabar Pressures 

Tadafumi Adschiri                               (T13 – KN) 
Tohoku University, Japan 
Supercritical hadrothermal synthesis of organo-
inorganic hybrid nano particles 

Rudi Vogel                                          (T9 – KN) 
Technische Universität München, Germany 
High Pressure Effects in Cell Biology 

11:30 Jon Eggert                                         (T7 – O152) 
Lawrence Livermore National Laboratory, USA 
Anisotropic Shock Propagation in Single Crystals 

Juan Carlos Rendon-Angeles        (T13 – O144) 
Research Institute for Advanced Studies of the NPI, 
Mexico 
Pseudomorphic Conversion of Mineral SrSO4 to 
SrCrO4 under Hydrothermal Conditions 

Milan Houska                                    (T9 – O90) 
Food Research Institute Prague, Czech Republic 
Functional food components prepared with 
assistance of high pressure treatment 

11:50 Oliver Tschauner                               (T7 – O128) 
University of Nevada Las Vegas, USA 
Transient states of reconstructive phase 
transitions captured in shock retrieval experiments

Yurii Ivakin                                         (T13 – O18) 
Moscow State University, Russia 
Synthesis of luminophores – powders in 
supercritical water fluid 

Benjamin Frey                                  (T9 – O87) 
Technische Universität München, Germany 
High hydrostatic pressure treated tumour cells. 
– Cell death pathways and immunogenicity of 
treated cells 

12:10 Jeffrey Nguyen                                  (T7 – O112) 
Lawrence Livermore National Laboratory, USA 
Tailored Dynamic Thermodynamic Paths: 
Implications for Phase Transitions and Planetary 
Isentropes 

Georgii Panasyuk                            (T13 – O193) 
Russian Academy of Sciences, Russia 
Hydrothemal Synthesis and Investigation of 
Aluminum Terephthalate 

Mareile Müller-Merbach                     (T9 – O1) 
University of Hohenheim, Germany 
Kinetics of the high pressure inactivation of 
Bacteriophages 

12:30  
Lunch 

 
13:30  

Poster Session 
 

15:00  
Coffee Break 

 



Programme Thursday 

15:30 Thierry Straessle                 (WIC – O34) 
Universite Pierre et Marie Curie, France 
Structure of Liquid Water up to 6.5 GPa 
and 672 K 

15:30 A. Segura                               (T5 – KN) 
Instituto de Ciencia de los Materiales de la Universidad 
de Valencia, Spain 
Correlation between spectroscopic and transport 
experiments under pressure in semiconductors: Some 
examples with III-IV and II-VI semiconductors 

Douglas Elliott                                     (T13 – KN) 
Pacific Northwest National Laboratory, USA 
The Use of Catalysts in Near-Critical Water 
Processing 

15:50 Leonid Dubrovinsky            (WIC – O94) 
Bayreuth University, Germany 
High-Pressure High-Temperature 
Amorphous Ice  
 

16:00 Taku Okada                          (T5 – O98) 
Osaka University, Japan 
Lattice dynamical implication of ilmenite MgXO3 
(X=Si, Ge, Ti) using Raman spectroscopy at high-
pressures and high-temperatures 

Frédéric Vogel                                   (T13 – O44) 
Paul Scherrer Institut, Switzerland 
Efficient production of synthetic natural gas from 
biomass by hydrothermal gasification 16:10 Eugene Gregoryanz           (WIC – O218) 

Carnegie Institution of Washington, USA 
Melting behavior of H2O at high pressures 
and temperatures 

16:20 Walter A. Großhans           (T5 – O129) 
University Of Applied Sciences, Germany 
Lattice vibrations and electronic transitions in the 
Rare-Earth metals: Praseodymium under pressure 

Andrea Kruse                                     (T13 – O22) 
Forschungszentrum Karlsruhe, Germany 
Biomass gasification in supercritical water: Key 
compounds as a tool to understand the influence 
of biomass components. 

16:30 Alexander Goncharov         (WIC – O95) 
Lawrence Livermore National Laboratory, USA 
Dynamic ionization and superionic state of 
water under extreme conditions 16:40 

Break 
16:50 Break 

17:00 Reinhard Boehler                          (T14 - O171) 
Max-Planck-Institut für Chemie, Germany 
New Anvil and Gasket Designs 

Nikolaos Boukis                                (T13 – O26) 
Forschungszentrum Karlsruhe, Germany 
Hydrogen and Methane Production from Biomass 
in Supercritical Water 

Jon Eggert                                       (WIC – O176) 
Lawrence Livermore National Laboratory, USA 
Observation of metallic helium: Equation of state and 
transport measurements under astrophysical conditions. 

17:20 Michael Popov                                 (T14 - O31) 
Technological Institute for Superhard and Novel Carbon 
Materials, Russia 
Pressure measurements from Raman spectra of 
stressed diamond anvils 

Sandrine Moussiere                        (T13 – O165) 
CEA Valrhô, France 
Stirred double shell reactor for waste treatment by 
supercritical water oxidation 

Valentina Giordano                           (WIC – O60) 
Universite Pierre et Marie Curie, France 
High-pressure High-temperature liquid carbon 
dioxide 

17:40 Igor Goncharenko                         (T14 - O177) 
Laboratoire Leon Brillouin CEA-CNRS, France 
Neutron diffraction in 40 GPa - pressure range: a 
tool to study magnetic and crystal structures 

Dirk Klingler                                        (T13 – 204) 
TU Darmstadt, Germany 
Energy Recovery from Wet Biomass Feedstock in 
Supercritical Water 

Dennis D. Klug                                (WIC – O301) 
National Research Council of Canada 
Infrared and X-ray Diffraction Study of Symmetric 
Hydrogen Bond Formation in the Methane Clathrate 

18:00 Takehiko Yagi                                (T14 - O187) 
University of Tokyo, Japan 
A New Opposed-Anvil type High-Pressure and High-
Temperature Apparatus Using Sintered Diamond 

Yukihiko Matsumura                       (T13 – O108) 
Hiroshima University, Japan 
Heat transfer to the turbulent flow of supercritical 
water where glucose oxidation is taking place 

Yukihiro Yoshimura                        (WIC – O300) 
National Defense Academy, Japan 
New transformation of ice in aqueous RbCl solution to a 
high-pressure phase at low temperature 

18:20 Akobuije Chijioke                         (T14 – O303) 
Harvard University, USA 
The Ruby Pressure Standard to 150 GPa 

  

 



Programme Friday 

Location Alfred-Mombert-Saal   Hans-Thoma-Saal Johann-Peter-Hebel-Saal
  

8:30    Plenary
9:30 Zbigniew Dreger                                (T7 – O114) 

Washington State University, USA 
Electronic Structure Changes in Anthracene Crystals 
under Static and Shock Compression: Role of 
Nonhydrostaticity 

Damon Jackson                                   (T3 – O24) 
Lawrence Livermore National Laboratory, USA 
Magnetic Susceptibility Experiments on the Heavy 
Lanthanides Using Designer Diamond Anvils 

Sakura Pascarelli                           (T2 – O159) 
European Synchrotron Radiation Facility, France 
Differential EXAFS: a tool to measure the effect of 
hydrostatic pressure on magnetostriction  

9:50 Mikhail Mochalov                                   (T7 – O6) 
Russian Federal Nuclear Center, Russia 
Experimental Measurement of Compressibility, 
Temperature and Light Absorption in a dense shock-
compressed gaseous Deuterium 

Denis Kozlenko                                    (T3 – O40) 
Joint Institute for Nuclear Research, Russia 
Pressure-Induced Magnetic Phase Transitions in 
Pr1-xSrxMnO3 Manganites (x = 0.48 – 0.85) 

Kristina Lipinska-Kalita                   (T2 – O63) 
University of Nevada Las Vegas, USA 
High-Pressure Synchrotron Radiation X-Ray Diffraction 
Studies of Pentaerythritol Tetranitrate C(CH2ONO2)4

10:10 Mikhail Zhernokletov                             (T7 – O7) 
Russian Federal Nuclear Center, Russia 
Characterization of liquid Argon under Shock 
Compression in 125-515 GPa Pressure Range 

Gabriel Alejandro Dionicio               (T3 – O178) 
Max-Planck-Inst. for Chemical Physics of Solids, Germany 
Electrical resistivity of YbRh2Si2 under extreme 
conditions 

Kazuhiko Tsuji                                  (T2 – O80) 
Keio University, Japan 
Pressure dependence of the structure of liquid II-
VI compounds up to 20 GPa 

10:30 Coffee Break 
11:00 Fernando Rodriguez                           (T11 – KN) 

University of Cantabria, Spain 
Electric properties of Jahn-Teller and 
photoluminescence Systems under Pressure 

V. Struzhkin                                           (T3 – KN) 
Carnegie Institution of Washington, USA 
Superconductivity and magnetism in compressed 
materials: Novel phenomena 

Kenichi Takemura                              (T2 – KN) 
National Institute for Materials Science (NIMS), Japan 
New structural aspects of Elements appearing 
under hydrostatic pressure 

11:30 I. Hernandez                                     (T11 – O143) 
University of Cantabria, Spain 
Pressure-induced photoluminescence in MnF2 at 
Room Temperature. 

Anatoly Tsvyashchenko                     (T3 – O56) 
Russian Academy of Sciences, Russia 
Superconductivity and magnetism of new rare earth 
ternary borides synthesized under high pressure 

Takamitsu Yamanaka                       (T2 – O28) 
Osaka University, Japan 
Electron density distribution under high pressure 
analyzed by MEM using single-crystal diffraction 
intensities -ABO3 ilmenites (A = Mg, Fe; B = Si, Ge, Ti) 

11:50 Toshihiko Kobayashi                        (T11 – O91) 
Kobe University, Japan 
Band alignment in GaAs/GaInP heterostructures 
studied by low temperature photoluminescence under 
high pressure 

Kirsten Rupprecht                             (T3 – O173) 
Universität Paderborn, Germany 
Ferromagnetic order up to 300 K in CsCl-type 
EuX (X = S, Se, Te) 

Suhithi (Sue) Peiris                           (T2 – P86) 
NAVSEA, India 
X-ray Diffraction Studies of Single Crystals at High 
Pressure using Synchrotron Radiation 

12:10 Zbigniew Wisniewski                        (T11 – O55) 
Institute of Electron Technology, Poland 
Tailoring of photoluminescence of Czochralski 
silicon by high temperature -pressure treatment 

Vladimir Shchennikov                         (T3 – O72) 
Institute of Metal Physics of RAS, Urals Division, Russia 
Experimental high-pressure study of 
thermomagnetic and thermoelectric effects 

Gerhard Wortmann                        (T2 – O179) 
Universität Paderborn, Germany 
High-Pressure Phonon Spectroscopy of Oriented hcp 
Iron by NIS: Anisotropy of Sound Velocities 

12:30  Closing Remarks   
13:00 Lunch 
14:00 Technical Tour 

 



Plenary Lectures 

PL – O217 Isaac F. Silvera 
Hydrogen under Pressure; Bizarre Behaviour of a Simple Quantum Solid 

p. 2 

PL – O219 Russel J. Hemley 
Compressing materials from simple to complex: New findings and phenomena 

p. 3 

PL – O208 Rudi van Eldik 
Elucidation of inorganic and bioinorganic reaction mechanisms from volume 
profile analysis 

p. 4 

1



Joint 20
th

 AIRAPT – 43
th

 EHPRG, June 27 – July 1, Karlsruhe/Germany 2005 

The Bizarre Properties of Solid Hydrogen at High Pressure 

Isaac F. Silvera, Harvard University, Lyman Laboratory of Physics, 

Cambridge MA 02421, silvera@physics.harvard.edu 

Hydrogen and its isotopes exhibit unusual, difficult to predict properties at high 

pressure in the condensed state. These unusual properties are a result of the large 

translational and rotational zero-point energy as well as the Pauli principle which 

results in profoundly different states of the solid depending on the ortho or para 

species, all a result of the nuclear spin states of the molecules. We discuss how the 

properties of hydrogen evolve with increasing density or pressure, new high pressure 

phases, and challenges. We conclude with a discussion of the challenges to produce 

metallic hydrogen, including new fascinating predictions that hydrogen may be a 

liquid at megabar pressures and zero Kelvin temperature.
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Joint 20
th

 AIRAPT h  43
th

 EHPRG, June 27 – July 1, Karlsruhe/Germany 2005 

Compressing Materials from Simple to Complex:

New Findings and Phenomena 

Russell J. Hemley, Geophysical Laboratory, Carnegie Institution, Washington, D. C. 

20015 U.S.A., hemley@gl.ciw.edu 

The accelerating developments in high-pressure experimentation in the last decade 

have culminated in a new era of research on materials under extreme conditions. 

Modern static high-pressure techniques provide the ability to tune interatomic and 

intermolecular interactions over a broad range of conditions, from very low pressures 

to >300 GPa and variable temperatures from cryogenic to thousands of degrees. 

Coupled with the increasing array of measurements that can be performed, these 

investigations have led to numerous new findings and phenomena of importance in 

fundamental physics and chemistry, materials science and technology, earth and 

planetary science, as well as biology. Examples include novel transitions in hydrogen 

and related materials; molecular chemistry and hydrothermal systems; pressure-

induced metallization and superconductivity, and unexpected discoveries in living 

systems. Continued advances are expected using a new generation of devices made 

possible by the development of methods for producing large single crystal diamond 

by chemical vapour deposition.
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ELUCIDATION OF INORGANIC AND BIOINORGANIC REACTION MECHANISMS 
FROM VOLUME PROFILE ANALYSIS 

Rudi van Eldik 

Institute for Inorganic Chemistry, University of Erlangen-Nürnberg, Egerlandstr. 1, 

91058 Erlangen, Germany.  vaneldik@chemie.uni-erlangen.de 

 

Insight into the mechanisms of chemical reactions in solution, in many cases 

depends to a large extent on rate and activation parameters that can be determined 

for individual reactions steps. Over the past two to three decades, kineticists have 

studied the effect of pressure on many different types of inorganic and bioinorganic 

reactions in solution, and have constructed volume profiles that can reveal important 

mechanistic information [1]. These studies include the application of a wide range of 

different high pressure thermodynamic and kinetic techniques. The mechanistic 

elucidation of solvent and ligand exchange processes on metal ions could be largely 

resolved from systematic pressure dependence studies [2]. We have applied volume 

profile analysis to a wide range of chemical processes that include thermal, photo-

induced and radiation-induced reactions, dealing with ligand substitution, electron 

transfer, activation of small molecules and oxidative addition/reductive elimination 

processes [1,3,4]. An overview of the fascinating mechanistic insights gained from 

volume profile analysis will be presented. A selection of typical examples from our 

most recent published [5] and unpublished studies will be used to demonstrate the 

type of mechanistic information that can be obtained from such analysis. 

  

[1] High Pressure Chemistry: Synthetic, Mechanistic and Supercritical Applications, R. van Eldik, 

F.-G. Klärner (Eds.), Wiley-VCH, Weinheim 2002. 

[2] F.A. Dunand, L. Helm, A.E. Merbach, Adv. Inorg. Chem. 2003, 54, 1.  

[3] P.C. Ford, L.E. Laverman, in Ref 1, Chapter 6. 

[4] R. van Eldik, D. Meyerstein, Acc. Chem. Res. 2000, 33, 207. 

[5] R. van Eldik and collaborators: J. Am. Chem. Soc. 2001, 123, 285 and 9780; 2004, 126, 4181; 

2005, 127, 5360; Inorg. Chem. 2002, 41, 4, 1579, 2565, 2808, 3802 and 5417; 2003, 42, 1688, 

3718, 4179 and 6528; 2004, 43, 1429, 5351, 6093 and 7832. 
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Oral Presentation 
 
 
Topic T1 
 

Theory, molecular dynamics and equation-of-state 
 

 

   
T1 – O211 
Keynote 

John Tse 
Structural stability, elastic properties and dynamics of some elemental 
solids at high pressures 
 

p. 6 

T1 - O49 Donat Adams 
Molecular Dynamics Simulations of cubic CaSiO3 at lower mantle 
conditions 
 

p. 7 
a-c 

T1 – O51 Julia Contreras-Garcia 
Quantum mechanical simulation of pressure induced polymorphism in 
AgCl 
 

p. 8 

T1 – O57 Mehul Patel 
Molecular dynamics simulations of pressure-induced solidification 
 

p. 9 

T1 – O58 Sven Rudin 
Density Functional Theory Calculations on EOS and Phase Stability of 
Beryllium 
 

p. 10 

T1 – O103 Satish Gupta 
Ab-initio Calculations of Spall Strength, Elastic Constants and EOS of Mo 
in Negative Pressure Region 
 

p. 11 

T1 – O115 Tian Cui 
Pressure effects on the absorption of phase Nb-H system 
 

p. 12 

T1 – O120 Aitor Bergara 
Pressure Induced Fermi Surface Evolution in Ligth Alcalies 
 

p. 13 

T1 – O147 Daniel Orlikowski 
Thermoelasticity at High Temperatures and Pressures: Molybdenum and 
Tantalum 
 

p. 14 

T1 – O160 Agnès Dewaele 
Equations of state of metals at ultrahigh pressure 
 

p. 15 

T1 – O161 Eunja Kim 
Pressure-induced B1-to-B2 phase transition in AgSbTe2: A first-principle 
study 
 

p. 16 

T1 – O203 Stanislaw Krukowski 
Nitrogen (N2) equation of state in pressure up to 10 kbar - molecular 
dynamic simulation 
 

p. 17 

   
Topic T2 
 

Synchrotron based studies 
 

 

   
T2 – O205 
Keynote 

Kenichi Takemura 
New structural aspects of Elements appearing under hydrostatic pressure 
 

p. 18 

T2 – O28 Takamitsu Yamanaka 
Electron density distribution under high pressure analyzed by MEM using 
single-crystal diffraction intensities -ABO3 ilmenites (A=Mg,Fe; B=Si, Ge, Ti) 

p. 19 

5a



T2 – O63 Kristina Lipinska-Kalita 
University High-Pressure Synchrotron Radiation X-Ray Diffraction Studies 
of Pentaerythritol  Tetranitrate C(CH2ONO2)4
 

p. 20 

T2 – O80 Kazuhiko Tsuji 
Pressure dependence of the structure of liquid II-VI compounds up to 20 
GPa 
 

p. 21 

T2 – O159 Sakura Pascarelli 
Differential EXAFS: a tool to measure the effect of hydrostatic pressure on 
magnetostriction 
 

p. 22 
a-b 

T2 – O162 Denis Andrault 
In-situ determination of the melting diagram of Fe-alloys at high pressure 
 

p. 23 

T2 – O179 Gerhard Wortmann 
High-Pressure Phonon Spectroscopy of Oriented hcp Iron by NIS: 
Anisotropy of Sound Velocities 
 

p. 24 

   
Topic T3 
 

Electrical and magnetic properties 
 

 

   
T3 – O210 
Keynote 

V. Struzhkin 
Superconductivity and magnetism in compressed materials: Novel 
phenomena 
 

p. 25 

T3 – O24 Damon Jackson 
Magnetic Susceptibility Experiments on the Heavy Lanthanides Using 
Designer Diamond Anvils 
 

p. 26 

T3 – O40 Denis Kozlenko 
Pressure-Induced Magnetic Phase Transitions in Pr1-xSrxMnO3 Manganites 
(x = 0.48 – 0.85) 
 

p. 27 

T3 – O56 Anatoly Tsvyashchenko 
Superconductivity and magnetism of new rare earth ternary borides 
synthesized under high  pressure 
 

p. 28 

T3 – O72 Vladimir Shchennikov 
Experimental high-pressure study of thermomagnetic and thermoelectric 
effects 
 

p. 29 

T3 – O173 Kirsten Rupprecht 
Ferromagnetic order up to 300 K in CsCl-type EuX (X = S, Se, Te) 
 

p. 30 

T3 – O178 Gabriel Alejandro Dionicio 
Electrical resistivity of YbRh2Si2 under extreme conditions 

p. 31 

   
Topic T4 
 

Optical and acoustic properties 
 

 

   
T4 – O 
Keynote 

Michele Gauthier 
Progress in ultrasonic measurement at high pressure 
 

p. 32 

T4 – O36 Lucie Nataf 
Elastic properties of invar Fe64Ni36
 

p. 33 

T4 – O111 Jeffrey Nguyen 
Crystal Characterization Using Optical Properties 

p. 34 
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T4 – O305 C.K. Jayasankar 
Luminescence study of Eu3+:phosphate glass under pressure 
 

p. 35 

   
Topic T5 
 

Spectroscopy under high pressure 
 

 

   
T5 – O212 
Keynote 

Alfredo Segura 
Correlation between spectroscopic and transport experiments under 
pressure in semiconductors: some examples based on III-VI and II-VI 
semiconductors 
 

p. 36 

T5 – O19 Martine Castellà-Ventura 
Proton Transfer under High Pressure 
 

p. 36-E 

T5 – O32 Anatoly Tsvyashchenko 
High Pressure 111Cd - TDPAC Spectroscopy of YbAl2 compound 
 

p. 37 

T5 – O78 Tetsuji Kume 
High-pressure Raman study on type III clathrate compounds 
 

p. 38 

T5 – O98 Taku Okada 
Lattice dynamical implication of ilmenite MgXO3 (X=Si, Ge, Ti) using 
Raman spectroscopy at high-pressures and high-temperatures 
 

p. 39 

T5 – O129 Walter A. Großhans 
Lattice vibrations and electronic transitions in the Rare-Earth metals: 
Praseodymium under pressure 
 

p. 40 

T5 – O141 Julio Pellicer-Porres 
Experimental and theoretical investigation of the electronic structure of 
CuAlO2 delafossite under high pressure 
 

p. 41 

   
Topic T6 
 

Synthesis and properties of novel materials 
 

 

   
T6 – O172 
Keynote 

Eugene Gregoryanz 
Synthesis and Characterization of Transition Metal Nitrides 
 

p. 42 

T6 – O12 Eugene Dizhur 
High Pressure Study of Many-Particle Interactions at Metal-Insulator 
Transition in Low Dimensionality Electron Systems 
 

p. 43 

T6 – O43 Hubert Huppertz 
Associating Borate and Silicate Chemistry by Extreme Conditions: High–
Pressure Synthesis and Crystal Structure of the Novel Borates RE3B5O12 
(RE = Er – Lu) 
 

p. 44 

T6 – O45 Gerard Demazeau 
Synthesis of novel materials under high pressures 
 

p. 45 

T6 – O48 Graziella Goglio 
About the synthesis and magnetic behavior of new layered oxides 
structurally related to natural micas 
 
 

p. 46 

T6 – O53 Wataru Utsumi 
Single crystal Growth of Gallium Nitride by slow Cooling of its congruent 
melt under high pressure 

p. 47 
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T6 – O96 Alexander Goncharov 
Cubic boron nitride under extreme conditions of high pressure and 
temperature: a combined Raman and theoretical study 
 

p. 48 

T6 – O123 Changqing Jin 
Novel perovskite Compounds at Elevated High Pressure 
 

p. 49 

T6 – O146 Gabor Laurenczy 
Synthesis and characterisation of the ruthenium(II) hydride/dinitrogen 
complex under gas pressures in aqueous solution 
 

p. 50 

T6 – O154 Jonathan Crowhurst 
Synthesis of a noble metal nitride under extreme conditions 
 

p. 51 

T6 – O181 Michael Popov 
Photo-induced polymerization of nitrogen at multi-Mbar pressure 
 

p. 52 

   
Topic T7 
 

Pressure dynamics and shock waves 
 

 

   
T7 – O194 
Keynote 

Vladimir Fortov 
Pressure Ionization of Multiple Shock Compressed Plasmas at Megabar 
Pressures 
 

p. 53 

T7 – O6 Mikhail Mochalov 
Experimental measurement of compressibility, temperature and light 
absorption in a dense shock-compressed gaseous Deuterium 
 

p. 54 

T7 – O7 Mikhail Zhernokletov 
Characterization of liquid Argon under shock compression in 125-515 GPa 
pressure range 
 

p. 55 

T7 – O112 Jeffrey Nguyen 
Tailored Dynamic Thermodynamic Paths: Implications for Phase 
Transitions and Planetary Isentropes 
 

p. 56 

T7 – O114 Zbigniew Dreger 
Electronic Structure Changes in Anthracene Crystals under Static and 
Shock Compression: Role of Nonhydrostaticity 
 

p. 57 

T7 – O128 Oliver Tschauner 
Transient states of reconstructive phase transitions captured in shock 
retrieval experiments 
 

p. 58 

T7 – O152 Jon Eggert 
Anisotropic Shock Propagation in Single Crystals 
 

p. 59 

   
Topic T8 
 

Geological, marine and planetary science 
 

 

   
T8 – O186 
Keynote 

Artem R. Oganov 
High-pressure mineralogy 
 
 

p. 60 

T8 – O23 Gerd Steinle-Neumann 
Absence of charge localization in compressed magnetite from first 
principle computations 
 

p. 61 
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T8 – O62 Daniel Jung 
Ab initio treatment of minerals at high pressures and temperatures 
 

p. 62 

T8 – O88 Gerd Steinle-Neumann 
Al, Fe incorporation into post-perovskite from first principles 

p. 63 

T8 – O169 Steeve Gréaux 
HP-HT experimental study of uranium location in the Earth mantle 
 

p. 64 

   
Topic T9 
 

Bioscience and food technology 
 

 

   
T9 – O215 
Keynote 

Rudi Vogel 
High pressure effects in cell biology 
 

p. 65 

T9 – O216 
Keynote 

W. Kremer 
Characterization of pressure-stabilized functional important protein states 
by high resolution NMR spectroscopy 
 

p. 66 

T9 – O1 Mareile Müller-Merbach 
Kinetics of the high pressure inactivation of Bacteriophages 
 

p. 67 

T9 – O87 Benjamin Frey 
High hydrostatic pressure treated tumour cells. – Cell death pathways and 
immunogenicity of treated cells 
 

p. 68 

T9 – O90 Milan Houska 
Functional food components prepared with assistance of high pressure 
treatment 
 

p. 69 

T9 – O105 Roland Winter 
Composition Fluctuations and Microdomains in Three-component Model 
Biomembrane Systems - The Effects of Temperature, Pressure and Lipid 
Composition 
 

p. 70 

T9 – O175 Philipp Heindl 
High pressure effects on the infectious prion protein 
 

p. 71  
a-b 

T9 – O184 Marwen Moussa 
Synergistic or antagonistic effects of combined high pressure subzero 
temperature microbial-inactivation: Involvement of thermodynamic 
properties of water 
 

p. 72 

   
Topic T10 
 

Phase transitions and transformations of fluids and solids 
 

 

   
T10 – O29 
Keynote 

Vadim Brazhkin 
Structural study of phase transformations in solid and liquid halogenides 
(ZnCl2, AlCl3) under high pressure 
 

p. 73 

T10 – O9 Michel Penicaud 
Localization of 5f electrons and phase transitions in americium 
 

p. 74 

T10 – O16 Choong-Shik Yoo 
Pressure-induced electronic Mott transition in MnO 

p. 75  
a-b 

T10 – O30 Céline Sortais-Soulard 
Thermodynamic and electronic structure study of two pressure-induced 
stuctural phase transitions of PdSe2 : interconversion path and structural 
preferences between the CdI2-, PdS2- and pyrite-type structures 

p. 76 
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T10 – O42 Olivier Grasset 
The high-pressure phase diagram of the NH3-H2O system 
 

p. 77 

T10 – O50 Marina Bastea 
Kinetics of dynamicalIy driven polymorphic and freezing phase 
transformations 
 

p. 78 

T10 – O74 Valery Levitas 
Crystal-Amorphous and Crystal-Crystal Phase Transformations via Virtual 
Melting 
 

p. 79 

T10 – O89 Yuichi Akahama 
Structure transition of Sc to 295 GPa 
 

p. 80 

T10 – O140 Alexander Lyapin 
Transitional high-pressure diagrams of amorphous fullerene-based 
molecular and quasi-chain forms of carbon 
 

p. 81 

T10 – O157 Anurag Srivastava 
Pressure Induced Phase Transitions in PbSnTe Alloy 
 

p. 82 

T10 – O163 Chrystèle Sanloup 
Polymolecular high-pressure phase of nitrogen 
 

p. 83 

T10 – O168 Serge Desgreniers 
On the Nature of Solid Oxygen Beyond the epsilon-zeta Phase Transition 
 

p. 84 

T10 – O170 Marek Tkacz 
Pressure-induced hexagonal to cubic transition in the Yttrium and Rare-
Earth trihydrides 
 

p. 85 

   
Topic T11 
 

Photoluminescence under high pressure 
 

 

   
T11 - O207 
Keynote 

Fernando Rodriguez 
Electronic properties of Jahn-Teller and photoluminescence systems 
under pressure 
 

p. 86 

T11 – O55 Zbigniew Wisniewski 
Tailoring of photoluminescence of Czochralski silicon by high temperature 
-pressure treatment 
 

p. 87 

T11 – O91 Toshihiko Kobayashi 
Band alignment in GaAs/GaInP heterostructures studied by low 
temperature photoluminescence under high pressure 
 

p. 88 

T11 – O143 I. Hernandez 
Pressure-induced photoluminescence in MnF2 at Room Temperature 
 

p. 89 

   
Topic T12 
 

Structural studies 
 

 

   
T12 – O188 
Keynote 

Arthur Ruoff 
Metallization of Silane at 100 GPa 
 

p. 90 

T12 – O21 Gwenaelle Rousse 
Structure of intermediate high pressure phase of PbX compounds 
 

p. 91 
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T12 – O41 Christine Kuntscher 
Infrared properties of the quasi-one-dimensional superconductor beta-
Na0.33V2O5 under pressure 
 

p. 92 

T12 – O54 Anthony Williams 
High Pressure Synthesis, Crystal Structure, Magnetic & Transport 
properties of Cr-doped strontium ruthenates, SrCrxRu1-xO3
 

p. 93 

T12 – O59 Reed Patterson 
Structural Studies on Dy to 119 GPa and Applications to Lanthanide 
Systematics 
 

p. 94 

T12 – O64 Takanori Hattori 
Structure of Liquid Silver Halides at high pressures 
 

p. 95 

T12 – O70 Itzhak Halevy 
High pressure study and electronic structure of the NiAl and Ni3Al alloys 
 

p. 96 

T12 – O83 Alfonso San Miguel 
High pressure properties of carbon and silicon clathrates 
 

p. 97 

T12 – O85 Gennady Kanel 
A failure wave phenomenon in brittle materials 
 

p. 98 

T12 – O116 Viswanathan Vijayakumar 
The chalcogenide spinel, CuIr2S4, under high pressure 
 

p. 99 

T12 – O118 Hyunchae Cynn 
X-ray diffraction and Raman of GaP using a laser heated diamond anvil 
cell 
 

p. 100 

   
Topic T13 
 

Chemical reactions in supercritical fluids 
 

 

   
SCF: 
 

  

T13 – O46 
Keynote 

Gerard Demazeau 
Solvothermal reactions :new trends in Materials Sciences 
 

p. 101 

T13 – O10 Valerie Tanneur 
Fluidised bed in supercritical phase 
 

p. 102 

T13 – O138 Tetsuo Aida 
The Development of a Novel Methodology for Observing Discontinuous 
Behavior of Density of Compressed Gases by Light Scattering 
 

p. 103 

T13 – O185 Jan Jansen 
Controlling the selectivity of separation processes by pressure 
 

p. 104 

SCW - 
Fundamentals: 
 

  

T13 – O113 
Keynote 

Douglas Elliott 
The Use of Catalysts in Near-Critical Water Processing 
 

p. 105 

T13 – O22 Andrea Kruse 
Biomass gasification in supercritical water: Key compounds as a tool to 
understand the influence of biomass components 
 
 

p. 106 
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T13 – O26 Nikolaos Boukis 
Hydrogen and Methane Production from Biomass in Supercritical Water 
 

p. 107 

T13 – O44 Frédéric Vogel 
Efficient production of synthetic natural gas from biomass by hydrothermal 
gasification 
 

p. 108 

T13 – O108 Yukihiko Matsumura 
Heat transfer to the turbulent flow of supercritical water where glucose 
oxidation is taking place 
 

p. 109 

T13 – O165 Sandrine Moussiere 
CEA Valrhô - DTCD/SPDE/LFSM 
 

p. 110 

T13 – O204 Dirk Klingler 
Energy Recovery from Wet Biomass Feedstock in Supercritical Water 
 

p. 111 

SCW - 
Synthesis: 
 

  

T13 – O209 
Keynote 

Tadafumi Adschiri 
Supercritical Hydrothermal Synthesis of Organic Inorganic Biomolecule 
Hybrid Nano Particles 
 

p. 112 

T13 – O18 Yurii Ivakin 
Synthesis of luminophores – powders in supercritical water fluid 
 

p. 113 

T13 – O144 Juan Carlos Rendon-Angeles 
Pseudomorphic Conversion of Mineral SrSO4 to SrCrO4 under 
Hydrothermal Conditions 
 

p. 114 

T13 – O193 Georgii Panasyuk 
Hydrothemal Synthesis and Investigation of Aluminum Terephthalate 
 

p. 115 

   
Topic 14 
 

Advanced Equipment and Methods 
 

 

   
T14 – O31 Michael Popov 

Pressure measurements from Raman spectra of stressed diamond anvils 
 

p. 116 

T14 – O171 Reinhard Boehler 
New Anvil and Gasket Designs 
 

p. 117 

T14 – O177 Igor Goncharenko 
Neutron diffraction in 40 GPa - pressure range : a tool to study magnetic 
and crystal structures 
 

p. 118 

T14 – O187 Takehiko Yagi 
A New Opposed-Anvil type High-Pressure and High-Temperature  
Apparatus Using Sintered Diamond 

p. 119 

T14 – O303 Akobuije Chijioke 
The Ruby Pressure Standard to 150 GPa 
 

p. 120 
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Special Sessions 
 

 

SHM 
 

Superhard Materials 
 

 

   
SHM – O15 
Keynote 

Vladimir Turkevich 
Diamond and cBN Crystallization: Thermodynamics and Kinetics  
 

p. 121 

SHM – O14 Ted Lowther 
Potential super-hard phases and the stability of diamond-like BnCm 
structures 
 

p. 122 

SHM – O68 Yann Le Godec 
Cubic boron nitride crystallization in fluid systems - in situ studies 
 

p. 123 

SHM – O73 Valery Levitas 
Strain-Induced Disorder, Phase Transformations and TRIP in Hexagonal 
Boron Nitride under Compression and Shear in a Rotational Diamond 
Anvil Cell: In-Situ X-ray Diffraction Study and Modeling 
 

p. 124 

SHM – O81 Takashi Taniguchi 
High-pressure synthesis of high purity single crystal of cubic and 
hexagonal boron nitride and their band-edge natures 
 

p. 125 

SHM – O130 Natalia Dubrovinskaia 
New Bulk Superhard Semiconducting C-B Composite 
 

p. 126 

SHM – O156 Guangtian Zou 
Synthesis and Novel Properties of Pure Phases of C3N4 at High Pressure 
and High Temperature 
 

p. 127 

   
WIC 
 

Water, Ice and Clathrates 
 

 

   
WIC – O34 Thierry Straessle 

Structure of Liquid Water up to 6.5 GPa and 672 K 
 

p. 128 

WIC – O60 Valentina Giordano 
High-pressure High-temperature liquid carbon dioxide 
 

p. 129 

WIC – O61 Mario Santoro 
New High P-T Phase Diagram of Oxygen 
 

p. 130 

WIC – O94 Leonid Dubrovinsky 
High-Pressure High-Temperature Amorphous Ice 
 

p. 131 

WIC – O95 Alexander Goncharov 
Dynamic ionization and superionic state of water under extreme conditions 
 
 

p. 132 

WIC – O176 Jon Eggert 
Observation of metallic helium: Equation of state and transport 
measurements under astrophysical conditions 
 

p. 133 

WIC – O300 Yukihiro Yoshimura 
New transformation of ice in aqueous RbCl solution to a high-pressure 
phase at low temperature 
 

p. 134 
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WIC – O301 Dennis D. Klug 
Infrared and X-ray Diffraction Study of Symmetric Hydrogen Bond 
Formation in the Methane Clathrate 
 

p. 135 

   
CES 
 

Correlated Electron Systems 
 

 

   
CES – O158 Vladimir Sechovsky 

Pressure influence on magnetism in uranium intermetallics 
 

p. 136 

CES – O192 Ingo Loa 
Pressure-Driven Orbital Reorientation and Band Gap Closure in 
Transition-Metal Perovskites 
 

p. 137 

CES – O197 E. Bauer 
Tuning of superconductivity and magnetic order of heavy fermion CePt3Si 
by substitution and pressure 
 

p. 138 

CES – O198 A. Barla 
Pressure-induced magnetic phase transitions in selected lanthanide and 
actinide compounds 
 

p. 139 

CES – O199 H. Kobayashi 
Structural and vibrational properties on CuFeS2 under pressure 
 

p. 140 

CES – O200 Gendo Oomi 
Pressure-induced quantum instability in highly correlated f-electron 
systems 
 

p. 141 

CES – O201 Moshe Paz Pasternak 
Pressure Stimulated Charge-Crossover in Transition-Metal Oxides and 
Hydroxides 
 

p. 142 

CES – O202 Didier Jaccard 
High pressure transport and AC calorimetric studies of some correlated 
electron systems 
 

p. 143 

   
Nanomat Nanostructured Materials 

 
 

   
Nanomat – 
O214 
Keynote 
 

Y. Iwasa 
Nanocarbon materials under high pressure 
 

p. 144 

Nanomat – 
O66 

Wei Gao 
Behavior of Structural Metastability in Nanocrystalline FeS 
 

p. 145 

Nanomat – 
O133 

Bingbing Liu 
High pressure induced polymerization of C60 nanorod 
 

p. 146 

Nanomat – 
O196 

Alexander V. Soldatov 
Physical Properties of Carbon Nanostructures derived from Fullerene C70 
at High Pressure  
 

p. 147 

Nanomat – 
O206 

Michael Popov 
Superhard nanocluster-based materials synthesized from single wall 
nanotubes 
 

p. 148 
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Nanomat – 
O302 

Alfonso San Miguel 
Resonant Raman spectroscopy of single wall carbon nanotubes under 
pressure 
 

p. 149 

Nanomat – 
O304 

C. Q. Jin 
The properties of nano BaTiO3 ceramics fabricated by high pressure 
 

p. 150 
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Structural stability, elastic properties and dynamics of some 
elemental solids at high pressures 

 
John S. Tse(1,2) and Dennis D. Klug(2) 

1 Department of Physics and Engineering Physics 

University of Saskatchewan, Saskatoon, Canada S7N 5E2 

2 Steacie Institute for Molecular Sciences 

National Research Council of Canada, Ottawa, Canada K1A 0R5 

 
Recent developments and the availability of accurate electronic codes have greatly 

enriched the understanding of the properties and phase transformation mechanisms 

of solids at high pressure. In this presentation, results of recent investigations on the 

dynamic and elastic properties of several high pressure solids will be reported.  A 

generalization of the stress-strain method to the calculation of the elastic constants of 

any crystal symmetry will be illustrated. We will present experimental vibrational 

density of states of krypton determined from 83Kr nuclear inelastic scattering 

experiments. In comparison with theoretical calculations, we note that even in this 

simple system, subtle discrepancies between theory and experiment remains. 

Dynamical calculations were also employed to study the stability and 

superconductivty of the Si-V and Si-VI phases. It is found that the Si-VI, though 

energetically more stable than the Si-V and Si-V phases, it is found to be dynamically 

unstable and therefore maybe entropically stabilized at high temperature. Quantum 

mechanical dynamical and transport calculations were used to characterize the 

electron topological transitions and superconductivity in high pressure Nb. We found 

that a similar transition may explain the anomaly observed in the equation of state for 

Os. 

6



���������	
������	����������	��	�����	������	��

�����	�����	����������	

���������	


��������������
�����������������	��������������
�����

���������

����������� ���!��

��"#�����$#%&�' �(���!)��*�����

�����+�,-"��.#/"�0&1�&2�--3�4�5+�,-"�.#/"�0&1�""�&&

4�
�����(����
���6�(���� �	������)�7��.���/�	���( �������	�(
�)�
� 
�����

��7�
�������
� (� �������������
����)�����
���� �������������������	�
���� ���������
�

�����������8
���)��	���������!�9&����7
:���3�����(�		������

 	���( ��(�
� (� �

)�
��� ���������
����������������	���� �
����� �
�����������)���	���� �
�������

��

 �
3�9��������
�
�������
���
 ��
��)������(�������������)���	���� ��
� (� ����

��!�9&����7
:�����
�����������
��(���� ��;-<	(	3����
����
��)� ������
��	��������

������	��(�;		��
� (� �� ������������
����(�(��������
3�;���
���
����������������
�

= ��(��������( ��(���!�9&����7
:���3����
�;		��
� (� ���5�����
���������� **����

�5���	������>������)��������(�����������
3�

������
��������	����� ��	��	�
	����������	��	�!!"#�	���	$%!!&�	���	���	���	�������	� �	������

��'�������	���	� �	�����	�����	��������	�������	��	� �	������	� ����	�'�����	(���'��)	��
�'�����	� �	���������	������	������

�������	*���� ��	����������	+�	�!!	"#�	������	���	������	����	���	$%!!	&	��	!&�	

��!�9&����7
:�����
���� �������(�	��
�����)����0�����"1�)�?����������)�������������

����8
����
������*����������)��	�����3�;�
�
� (� ����� ��� �����
����	���
���������

�

 	���������( ��(�@"��1A���(� 
����	���� �������������(��
�
�
�		���3������)�

��	���� ����7������
���)��
�������������
� (� ��)����� ���@"��&A3�

B
����C�!��(�����������������	��������!�9&�( ��(�
� (� �
�)�����
������	�*�����

#�D������

 �
����#��E#��"##��"E#�F���@0A3�4�����
�	 ������
�)�� 
������G�C���

��
�	����)����G�
H����	�
����@EA3���	���� �
����E##��"E##��1E##�����&E##�D�)��

7a




�	 �����3����������(�����	���
�)����������5���� ����������������(�����
��

�������

�����
��(�������(����
�)��(� �����
�7�������
�����
��������	�����( ��(����
���������

��	���� �
�������������������
�������)���	���� �
3��
�)����
�7����
������(���

�������(�����
��

�(�	������
��)������(����������
��������:�
����(�����)����"E##D����

E##D3

�5���	���
�@-��"A�����(����������������
� (� ��)����(<��I�#3%%&�������������(����
����


����(�������	���	�*������)��(����7�
�
� (� �
�)������	�(<��I�"3#"1����"3#"03���

�
��7�����
�= �
������)����
������	���= ��(��
��)��(���������������7����)�
� (� �
3

J �����(��(�����
���������(�����	���
�(<��K�"�����(<��L"�)�����
������	��3�4�
�

= ��(�������)��
���7��;		��
�		��������������3�!��)�= ��(�������7����������

�
 ��
+�;		�����(<�L"�����;-<	(	����(<�K"3����
�;		��
�		����
� (� ���
���������

�����5����������5���	�����
������7�
�����(��(����������.--#/�����.##-/������
����
3���

���
 ���
�����������;		��
�		�������
���
��������(�����	�����7�������������

����
����(���

 �
���
�����(( 
����������5���	��������
�	 ������
3�;���5���	�������

����
����(����(�	�
���	�(�
�����*�����������

 ��	��� 	������)���	���� �
3�;�

(�	� ������
���������
����(����(�	�
���	�����( ��(�
��������������5��������	
���

��(��
������)����
���	�������������(
��������	
�)� ����������
����������
��������53�

�
�����F���
�������������
�������
����(���������������
����(���	��)��
 ���
����������

����;		�����
������(����� �������	�������������
����(���	��
�
	����������������

;-<	(	����
���)��(�� ��������
����(�(����������
��������(���������������������	���

)����@0�2A3

������������
����(���	��
���7�������

��

��������

��

�
�

��
�

��

�
�

1

�1

"

)������6��
�����
��

����
������
����

�

�� ��

�
1

��
��= �������������
��(�(�	�����(�
3�J�

��)���������
�		������	�;-<	(	����;		�� ������������
����(�
��

���!�9&

���7
:������)�
�����
�		��������������
��(�(��
����
������� 
�(���	���	�*���������

����
����(�(����� ������������F���
����������3�4 ����(��( ������
�)������(� ��

(�	� �����������������
��(�(��
����
�����	���	�*���������F���
����������� ��������

����
����(���

 �3�

7b



���$�	���������	��	�����������	��������	��	 �� 	���������	���	,-�������	���	.�/�	#��0�	���

����-��	��	� ���	��1	�������	���	� �	�������������	 0�	��������		���	2 ����1	�������	������
�����������	�������	��	�����3��	456�	����������	���	2 ����1	�������	������	�����������	�������

��	�����3��	4�	���������	�����	���	�	7���� �

@"A�9����!3��9��
����M3�������D3����
�����
���������������7
:��������
�����������

����������������7
:�������������)��	�����3�.1##-/3��	3�������3�C��3�$%���"-$#�"-$E

@1A�!��	��!3��3�� ������3!3��!����F3�.1###/3������= ���������
����������!�9&����7
:���

���"#$�F������&�##D3����
3�9������������������������;��3�"1#�&�12�&�&�$3

@&A�!��	��!3��3�� ������3!3�.1###/3�����
���������������C����= ���������
����������!�9&

�����������8
���)��	�����3�N3����F�����
3�O�
3

@-A�!��	��!3��3��N�����*�O3��� ������3!3.1##1/3�����������
� (� ����!�9&����7��1#

F��3�F�����
3�O�
3������
�C��3�1%��G�31-��1"003

@EA�G�
H��!3��D�������3�."%$-/3���!� ������
�����������= ���(����������� ����� 
�������

(��
�������

 ��	���( �������	�(
���(���= �3�N3����	3����
3�C��3�2$��G�3�""3

@0A�N �����3�9����7���3�.1##-/3�����������
� ������������(�	��
�����������!�9&

.
 �	������������/3

@2A�!��5 �����3�������O3�3�M �O3�D�:� ���3�."%%0/3�����(�����������
�����
��������

��!�9&����7
:���������	���(�����
������)��	������
� (� �3��	3���������
��3�C��3

$"��"1%&��"1%03

7c



Joint 20th AIRAPT – 43th EHPRG, June 27 – July 1, Karlsruhe/Germany 2005 

Quantum mechanical simulation of pressure induced polymorphism 

in AgCl 
Julia Contreras-García, M. Marqués, M. Flórez and J. M. Recio, Universidad de 

Oviedo, Spain 

 julia@carbono.quimica.uniovi.es  

 

High pressure experiments in silver halides have recently identified non-cubic 

structures in their pressure induced polymorphic sequence connecting the B1 and B2 

phases [1]. Most surprisingly, those same structures have been also found as 

intermediates [2] along proposed B1-B2 mechanisms in alkali halides. These facts 

have drawn us to undertake a detailed study of the thermodynamic and mechanistic 

aspects of the polymorphic sequence of AgCl, which includes monoclinic (KOH-type) 

and orthorhombic (TlI-type) phases. The electronic structure has been determined in 

the framework of the DFT as implemented in VASP [3]. Thermodynamic results are 

promising due to their good agreement with a number of observable properties. On 

the one hand, these results allow us to extend the limited experimental knowledge of 

the AgCl response to hydrostatic pressure. A non-expected energetic quasi-

degeneration has been found for the TlI-type and anti-TlI-type structures. On the 

other hand, this agreement allows us to go one step further, and try to determine the 

involved transition paths. Different approximations (complete and partial 

interpolations, as well as full optimizations) have been dealt with in order to study the 

cell changes under the maximal common subgroup (P21/m). Historical reasons have 

also animated us to explore the virtual B1 to B2 R3m energy surface (Buerger 

mechanism). Shocking results have been obtained: the appearance of several 

relative minima in the Gibbs energy profile of AgCl  in contrast with a path without 

intermediates found in alkali halides. This feature is probably related, as well as the 

existence of non-cubic structures in the polymorphic sequence, to the partially 

covalent nature of the chemical bonds. 

 

[1] S. Hull, D. A. Keen Phys. Rev. B 1999, 59, 750-761 

[2] M. Catti J. Phys: Condens. Matter 2004, 16, 3909-3921  

[3] G. Kresse, J. Furthmuller Phys. Rev. B 1996, 54, 11169-11186 
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Molecular dynamics simulations of pressure-induced solidification

Mehul V. Patel and Frederick H. Streitz, 

Lawrence Livermore National Laboratory, Livermore, CA, U.S.A,

mehul@llnl.gov 

Molten metals subjected to rapid pressurization may undergo a phase transition to a

solid phase if the final conditions are chosen appropriately.  Specifically, the details

of the final structure and the time scales for arriving at that structure should depend

on the final magnitude and rate of pressurization.  We study these dependencies

using large scale atomistic  modeling of  copper  (fcc prototype)  and tantalum (bcc

prototype).   Results of  many simulations on copper,  modeled using a embedded-

atom potential, allow us to construct a time-presssure-transition plot that shows the

sensitive dependence of the solidification time on the final pressure.  For, Ta, a more

complex MGPT potential including up to 4 body interactions is required to adequately

capture  the  d-electron  bonding,  and  the  presense  of  energetically  competitive

phases in this case results in extended solidification times.

Work  performed  under  the  auspices  of  the  U.S.  DOE  at  the  University  of

California/Lawrence Livermore National Laboratory under contract W-7405-ENG-48.
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Density Functional Theory Calculations on EOS

and Phase Stability of Beryllium

Sven P. Rudin and J. D. Johnson, Los Alamos National Laboratory, USA, 

srudin@lanl.gov

Our current equation of state (EOS) for Beryllium [1] is based on experimental data 

and empirical models. This construction does not fully constrain the resulting EOS, 

and recently uncovered experimental results in the literature [2] show slight 

disagreement with the established EOS of Be. To address this disagreement we have 

calculated the cold curve and the phonons for Be in the hexagonal close-packed 

(hcp) structure using density functional theory. From these we extract the thermal 

expansion and the Grüneisen parameter; the former agrees well with experiment, the 

latter leads to a slight adjustment of the EOS. The same calculations for Be in the 

body-centered cubic (bcc) structure leads to a predicted structural phase transition 

from hcp to bcc at a pressure of 450 GPa (at 0 K) that decreases to 360 GPa near 

the melting temperature.

[1] S. P. Lyon and J. D. Johnson, "T-1 Handbook of the Sesame Equation of State 
Library," LANL report LA-CP-98-100 (Los Alamos, 1998).

[2] N. Velisavljevic; G. N. Chesnut; Y. K. Vohra; S. T. Weir; V. Malba; J. Akella, 
Physical Review B 65, 172107 (2002).
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Ab-initio Calculations of Spall Strength, Elastic Constants and EOS
of Mo in Negative Pressure Region

K.D. Joshi and Satish C. Gupta (satish@magnum.barc.ernet.in)
Applied Physics Division, Bhabha Atomic Research Centre,  Mumbai, 400085, India

The shock compression experiments generate not only the compressive high

pressures but also high tensile stresses. In recent years, the sophisticated diagnostic

techniques like VISAR and ORIVIS, which are being used to measure such tensile

stresses, have opened the possibility of understanding the material behaviour in the

negative pressure regimes [G.I. Kanel et al., J. Appl. Phys., 90, 136, 2001]. 

In the present work we have determined the ideal spall strength (σs) and ideal

tensile strength (σT) of Mo from first principles total energy calculations using full-

potential linearised augmented plane wave (FP-LAPW) method (WIEN97 Package).

Additionally, we have determined the equation of state (EOS) and calculated the

elastic constants of this metal in the negative pressure regime. 

The σs is calculated using uni-axial strain without allowing the Poison

contraction (figure 1), however for σT the Poison contraction was also allowed. The

calculated σs along [1 0 0 ] is 21 GPa as compared to the experimental value of 16.5

GPa measured after unloading the sample from peak pressure of 75 GPa (strain rate

~3×107/s) [Kanel et al, J. Appl. Phys, 74, 7162, 1993]. However, for determination of

ideal σs, experiment should be performed at still higher stresses, and consequently at

still higher strain rates, to minimize the effects of material defects. Our calculated σT

value is 23 GPa. The theoretically determined EOS in the negative pressure region is

shown in figure 2. The calculated equilibrium volume is 15.96 (Å)3/atom, elastic

constants c11, c12, c44 are 439, 175, 100 GPa, and B0, Y(1 0 0), Y(111) are 272,

339, 266 GPa, respectively. All these values agree well with available experimental

data [F.H. Featherstone and J.R. Neighbours, Phys. Rev. 139, 1324, 1963]. 
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Pressure effects on the absorption of α−phase Nb-H system 

Z. M. Liu1, T. Cui1, a, Y. M. Ma1, G. T. Zou 1

1National Lab of Superhard Materials, Jilin University, Changchun 130012, China,  
a cuitian@jlu.edu.cn 

An ab initio calculation is performed on the α-phase Nb-H system based on 

density functional theory, for investigating pressure effects on the optical properties. 

The hydrogen concentration of the system is 1/16. The supercell of such a system 

consists of 16-atom bcc niobium and an interstitial hydrogen impurity placed at the 

center of an octahedron. Geometry-optimizations at 0K and within the pressure range 

from 0GPa to 200GPa are carried out. Then the electronic structures and optical 

Figure 1 shows the pressure effect on the absorption sp

properties of the system at different pressures are calculated. 

na, Grant 

No.1

(a) 0GPa (b) 120GPa 

Figure 1 The absorption spectra of pure Nb and alpha-phase Nb-H systems 
under (a) 0GPa and (b) 120GPa 

ectra of pure Nb and 

alpha-phase Nb-H systems. The band structure calculations show that their Fermi 

Levels are all in 4d bands in the pressure range from 0GPa to 200GPa, resulting in 

similar absorption properties. A pressure induced absorption peak in the pure system 

is observed, e.g. in Figure 1(b) at about 3.5eV. The hydrogen impurity lowered the 

symmetry of Nb-H systems, leading to band splitting and distortion. New absorption 

peaks appear at some special frequencies such as the mini peak at ~1eV under 0GPa, 

which become strongest at pressure of 120GPa as shown in Figure 1(b).  

Acknowledgment: This work was supported by the NSAF of Chi

0276016 and 2003 EYTP of MOE of China. 
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Pressure Induced Fermi Surface Evolution in Ligth Alcalies
A. Bergara* and A. Rodríguez-Prieto

Materia Kondentsatuaren Fisika Saila, Zientzia eta Teknologia Fakultatea,
 Euskal Herriko Unibertsitatea,

48080 Bilbo, Basque Country, Spain
and

Donostia International Physics Center (DIPC), Paseo de Manuel Lardizabal, 
20018  Donostia, Basque Country, Spain.

*wmpvejaa@lg.ehu.es

Light alkali metals have usually been considered as simple metals due to their monovalency
and high conductivity. In these metals ionic pseudopotentials are weak and the nearly free
electron model (NFE) becomes quite accurate at normal conditions. However, very recent
theoretical calculations and experiments[1] have shown that at high pressures their
electronic properties deviate radically from a NFE model and even become
unexpected good superconductors with high Tc[2]. In this work we present  ab initio
calculations to analyze the deviation from simplicity of the Fermi surface (a sphere at
equilibrium shown below) when pressure is applied. We have seen that, as a result of
the increasing non-local character of the atomic pseudopotential with pressure, the
nesting in the surprising half filling Hubbard type Fermi surface (a perfect cube
below) might become the physical origin of the observed interesting correlation
between structural, electronic and even magnetic properties.

References:

 [1] J.B. Neaton and N.W. Ashcroft, Nature 1999, 400, 141; M. Hanfland, K. Syassen,

N. Christensen and D. Novikov, Nature 2000, 408, 174; A. Bergara, J.B. Neaton and

N.W. Ashcroft, Phys. Rev. B 2000, 62, 8494.

[2] K. Shimizu, H. Ishikawa, D. Takao, T. Yagi and K. Amaya, Nature 2002, 519, 545; 

V.V. Struzhkin, M.I. Eremets, W. Gan, H.K. Mao, and R.J. Hemley, Science 2002,

298, 1213; S. Deemyad and J.S. Schilling, Phys. Rev. Lett. 2003, 91, 167001.

rs=3.02 a.u.

(Eq.)
rs=2.15 a.u.
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Thermoelasticity at High

Temperatures and Pressures: Molybdenum and  Tantalum

Daniel Orlikowski, Randolf Q. Hood, Per Soderlind, and John A. Moriarty

Lawrence Livermore National Laboratory,

 Livermore, CA 94551-0808, orlikowski1@llnl.gov

In  an  effort  to  develop  multi-phase  constitutive  strength  models  that  extend  with

some certainty beyond the thermodynamic regimes of experiments, two quantum-

based methods that calculate either anharmonic or quasi-harmonic effects to elastic

moduli have been developed for temperatures up to 26,000 K and for pressures up

to  10  Mbar.   In  either  approach,  both  the  electron-thermal  and  ion-  thermal

contributions are combined to compose the elastic moduli.  The full potential linear

muffin-tin orbital(FP-LMTO) method for the cold and electron-thermal contributions is

closely coupled with ion-thermal contributions.  For the ion contribution two separate

approaches  are  used.   In  one  approach,  the  quasi-harmonic  ion  contribution  is

obtained through a Brillouin zone sum of the strain derivatives of the phonons, and in

the other the anharmonic ion contribution is obtained directly through Monte Carlo

(MC) canonical distribution averages of strain derivatives on the multi-ion potential

itself.   Both  methods  for  the  ion-contribution  use  many-body,  quantum-based

interatomic  potentials  derived  from  model  generalized  pseudopotential  theory

(MGPT).   The  resulting  elastic  moduli  compare  well  to  available  ultrasonic

measurements and diamond-anvil-cell compression experiments, as well as to sound

speeds  along  the  Hugoniot.   Over  this  range  of  temperature  and  pressure,  the

results  are  used  in  a  polycrystalline  averaging  for  a  comparison  to  large-scale

constitutive models  like the Steinberg-Guinan strength model.   Both  molybdenum

and tantalum elastic moduli are compared for varying anharmonic effects.

This work was performed under the auspices of the U.S. Department of Energy by

the University of California Lawrence Livermore National Laboratory under contract

W-7405-Eng-48.

14



Joint 20 th AIRAPT – 43 th EHPRG, June 27 – July 1, Karlsruhe/Germany 2005 

Equations of state of metals at ultrahigh pressure 

 

A. Dewaele*, P. Loubeyre, CEA/DPTA, Bruyères le Châtel, France 

M. Mezouar, ESRF, Grenoble, France 

 

Compression versus pressure at ambient temperature has been measured for 

several metals (Be, Al, Fe, Co, Ni, Cu, Zn, Mo, Ag, Ta, W, Pt, Au) under quasi-

hydrostatic conditions in a diamond anvil cell, up to at least 65 GPa and at a 

maximum pressure of 153 GPa (see figure below). Standard synchrotron x-ray 

diffraction accuracy in the volume determination could be achieved to the maximum 

pressure. 

This data set can been used to re-calibrate the static pressure scale based on the 

ruby luminescence wavelength measurement [1]. The accuracy of various forms of 

luminescence wavelength vs. pressure in different pressure ranges will be discussed. 

In particular, this recalibration confirms recent suggestions of an underestimation of 

pressure by [1] at ultra-high pressure. We will show that using an updated pressure 

calibration, consistency between ultrasonic, dynamic and static measurements of the 

equations of state is improved [2]. 

This new consistency allows to test the predictive power of density functional theory, 

with different approximations, for equations of state calculations. 

 

 

 

 

Sample geometry : grains of  

different metals, together with a ruby chip,  

embedded in helium.  

Example of data obtained (see Ref. [2]) : 

 

References:        P (GPa) 

[1] Mao et al., J. Geophys. Res., 1986, 91, 4673  

[2] Dewaele et al., Phys. Rev. B, 2004, 70, 94112 
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Pressure-induced B1-to-B2 phase transition in AgSbTe 2: 

A first-principle study

E. Kim, R. Kumar, Y. Shen, A. Cornelius, and M. Nicol

Department of Physics and High Pressure Science and Engineering Center,

University of Nevada, Las Vegas, Nevada 89154  (kimej@physics.unlv.edu)

 We have performed density functional (DFT) calculations to investigate the pressure-

induced B1-to-B2 phase transitions in functional gradient materials such as AgSbTe2

and AgSbSe2. B1-AgSbTe2 phase is energetically stabler by 0.18 eV/atom than B2-

AgSbTe2 phase at ambient condition. The calculated lattice constant and bulk

modulus of B1-AgSbTe2 phase are 5.93 Å  and 44.5 GPa, in excellent agreement

with experimental results. Equation of state of B1- and B2-AgSbTe2 phases indicates

that B1-AgSbTe2 phase is stable up to 16 GPa and B2- AgSbTe2 phase becomes

stable after 26 GPa,  consistent with experiments. At the intermediate pressure

between 16-26 GPa, our experimental data also implicate the existence of  the

intermediate phases on the way to the pressure-induced phase transition from B1 to

B2 phase. Theoretical study of the possible intermediate states including amorphous

phase is advanced, and pressure-induced structural phase transition of AgSbTe2 

is also under investigation. 

 This work was supported in part by the Department of Energy under Cooperative

Agreement DE-FC08-01NV14049.
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Nitrogen (N2) equation of state in pressure up to 10 kbar – 
molecular dynamic simulation 

 

Stanisław Krukowski*, Institute of High Pressure Physics, Polish Academy of 

Sciences, 01-142 Warsaw, Sokołowska 29/37, Poland, e-mail: 

stach@unipress.waw.pl  

Paweł Strąk, Department of Physics, Warsaw University of Technology, 00-672 

Warsaw, Koszykowa 75, Poland, e-mail: strak@unipress.waw.pl  

 

 

Molecular dynamic simulation program using N2-N2 interaction potential, obtained be 

van der Avoird et al [1], has been used to determine nitrogen equation of state. Using 

this potential the pressure temperature dependence has been obtained by intensive 

molecular dynamic simulation. The temperature range spans from 1000K to 2000K 

while the pressure range extends from 1 bar to 10 kbar.  

For low pressures the obtained pressure-temperature-density dependence follows 

that of ideal gas. The pressure range depends on the temperature, but generally 

ideal gas-like behavior is observed for pressure below 1 kbar. For these pressures 

the MD data are in very good agreement with the data of Jacobsen et al [2].  

For higher pressure significant deviation from the ideal gas law, stems from strong 

molecule-molecule repulsion. This has been accounted for in the revised version of 

equation of state of nitrogen by Jacobsen et al [2]. The MD simulation were used to 

recover p-T-ρ dependence for the pressures, up to 10 kbar. For high pressure range 

i.e. from 1 to 10 kbar, the deviation from Jacobsen data was much larger, about 10%, 

which is larger that estimated standard error [2]. The possible sources of discrepancy 

are the approximate accounting of the vibrational motion and also the finite size of 

the simulation domain.  

 
 

References:  

[1] A. van der Avoird, P.E.S. Wormer, A.P.J. Jansen, J. Chem. Phys.. 1986, 84, 1629 

[2] R.T. Jacobsen, R.B. Stewart, M. Jahangiri, J. Phys. Chem. Ref. Data, 1986, 15, 

735 
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New structural aspects of Elements appearing under hydrostatic

pressure

K. Takemura

National Institute for Materials Science (NIMS), Tsukuba, Ibaraki 305-0044 Japan

Importance of hydrostaticity in high-pressure research has well been recognized in

recent years. Specifically for diffraction studies with synchrotron sources, hydrostatic

conditions are effective for getting better angular resolution and reliable diffraction

intensity without preferred orientation. Furthermore, hydrostaticity reduces pressure

gradients in the sample chamber, thereby minimizing phase mixture near the

transition pressure. This unique feature leads us to identify new phases, which are

stable in a small pressure interval and sometimes hidden under nonhydrostatic

conditions. A good example is the recent discovery of the incommensurate phase of

iodine near the molecular dissociation [1], where hydrostaticity played a crucial role.

In this talk, I will describe some technical features of hydrostatic experiments with the

diamond-anvil cells, followed by detailed description of the incommensurate phase of

iodine. Other examples will also be presented for structural studies of elemental

metals under hydostatic conditions.

[1] K. Takemura, K. Sato, H. Fujihisa, and M. Onoda, Nature (London) 423, 971

(2003).
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Electron density distribution under high pressure analyzed by MEM 
using single crystal diffraction intensities 

– ABO3 ilmenites (A=Mg, Fe,  B=Si,Ge,Ti) – 
T. Yamanaka, T. Okada, Y. Komatsu an H. Nomori 

Department of Earth and Space Science  Graduate School of Science,  Osaka University 
1-1 Machikaneyam Toyonaka Osaka   560-0043 Japan 

yamanaka@hcp.cmc.osaka-u.ac.jp 
 

    Most of ilmenites ABO3 bearing transition elements have semiconductive and 

antiferromagnetic properties. In order to elucidate the electron conductivity change with 

pressure, electron density distribution of ABO3 ilmenites (A=Mg, Fe, B=Si,Ge,Ti) have been 

executed by single-crystal diffraction intensities measurement at high pressures up to 15GPa 

with synchrotron radiation at KEK using new DAC with large single-crystal diamond plate 

windows. Compression mechanisms of A2+B4+O3 ilmenites were also investigated by the 

structure analyses. All structure refinements converged to reliable factors R=0.05. The 

distortion of AO6 and BO6 octahedra under pressure was parameterized by interatomic 

distances, site-volume ratio and A2+-B4+ interatomic distance across the shared edges and 

shared face (Fig. 1).  Maximum entropy method (MEM) based on Fobs(hkl) was applied to 

reveal electron density map (exp. Fig. 2) and compared with difference Fourier synthesis 

based on Fobs(hkl)-Fcalc(hkl).  Radial distribution of electron (exp. Fig. 3) indicates more 

localization of electron around atomic position. Bonding electron density found in bond A-O 

and B-O reduces with pressure.  
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High-Pressure Synchrotron Radiation X-Ray Diffraction Studies of
Pentaerythritol Tetranitrate C(CH2ONO2)4 

**

Kristina. E. Lipinska-Kalita, Michael Pravica, Yongrong Shen*, Oliver Tschauner and Malcolm

Nicol

High Pressure Science and Engineering Center, Department of Physics,

University of Nevada Las Vegas, Las Vegas, NV 89154-4002, USA

High-pressure x-ray diffraction studies of pentaerythritol tetranitrate, C(CH2ONO2)4,  (PETN),

have been performed in-situ (diamond anvil cell) at ambient temperature using synchrotron

radiation. The pressure-induced alterations in the profiles of the diffraction lines, including their

positions, widths, and intensities have been followed up to 30 GPa in a compression cycle.  The

spectral changes at low pressures indicated continuous densification of the tetragonal structure

(space group P 4 21c). The diffraction patterns confirmed that the studied compound compressed

rapidly from ambient pressure up to about 7 GPa with a 17% decrease in the unit cell volume. At

8 GPa and above several new diffraction lines appeared in the patterns. These lines suggested

that the lattice undergoes a pressure-induced reconstructive phase transition (structural

transformation) from the tetragonal to an orthorhombic structure. For a range above this pressure

both phases coexisted indicating that the transformation is first order. The progressive

broadening of the diffraction lines with pressures beyond 10 GPa limited detailed analysis at

higher pressures. Further results and analysis will be reported.

* deceased, September 12, 2004

** Supported by th U.S. DoE cooperative agreement no. FC08-01NW14049
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Pressure dependence of the structure of liquid II-VI compounds  
up to 20 GPa 

 

Takashi Narushima, Tomohiro Kinoshita, Takanori Hattori and Kazuhiko Tsuji 

Keio University, Yokohama, Japan 

tsuji@phys.keio.ac.jp 

 

X-ray diffraction measurements have been performed for liquid II-VI compounds, 

HgTe and CdTe up to 20 GPa using a synchrotron radiation. Pressure was generated 

by using cubic type apparatuses, MAX80 installed at PF- KEK and SPEED-1500 

installed at SPring-8.  

For liquid HgTe, the main peak of structure factor S(Q) has two peaks at 2.2 A-1 and 

3.0 A-1. With increasing pressure, the height of the peak at 2.2 A-1 increases and the 

position shifts towards a higher Q value while the height of the peak at 3.0 A-1 

decreases. On the other hand, the second peak at 4.9 A-1 shifts towards a lower Q 

value in spite of volume contraction. The first peak position of pair distribution 

function g(r) does not change or rather shifts towards a larger r value and its height 

increases with increasing pressure. The second peak shifts towards a smaller r value. 

For liquid CdTe, a remarkable structural change is observed in a narrow pressure 

region (1.8-3.0 GPa). The local structure in the low pressure region is similar to the 

zincblende structure, while that in the high pressure region is similar to the rocksalt 

structure. Another structural transformation occurs above 9 GPa.  

These pressure dependences are different from those of liquid group 14 elements 

and liquid III-V compounds [1-4]. These results are discussed in relation to the 

bonding nature, such as covalency, ionicity and metallicity, and compared with the 

pressure-induced structural changes in the crystalline phases. 

[1] T. Hattori, K. Tsuji, T. Kinoshita, T. Narushima, J. Phys.: Condens. Matter, 2004, 

16, S997-S1006.   

[2] K. Tsuji, T. Hattori, T. Mori, T. Kinoshita, T. Narushima, N. Funamori, J. Phys.: 

Condens. Matter, 2004, 16, S989-S996.   

[3] T. Hattori, K. Tsuji, N. Taga, Y. Takasugi, T. Mori, Phys. Rev. B, 2003, 68,  
224106-1-17.   

[4] N. Funamori, and K. Tsuji, Phys. Rev. Lett., 2002, 88, 255508-1-4. 
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In-situ determination of the melting diagram  
of Fe-alloys at high pressure 

 

D. Andrault, Université P-7, IMPMC, IPGP, Paris, France, andrault@ipgp.jussieu.fr 

N. Bolfan-Casanova, Laboratoire Magmas et Volcans, Clermont-Ferrand, France 

O. Ohtaka, Earth and Space Science, Osaka University, Osaka, Japan 

H. Fukui, Earth and Space Science, Osaka University, Osaka, Japan 

K. Funakoshi, Japan Synchrotron Radiation Institute, SPring-8, Hyogo, Japan 

 

We report in-situ observations of the melting behavior of iron alloyed with 10 to 20 

atom% Si, S, or C, at pressures between 15 and 27 GPa. The experiments were 

performed in the SPEED-1500 multi-anvil press installed on the BL04B1 beamline of 

the Spring8 synchrotron (Japan). Melting and progressive recrystallization was 

evidenced by diffraction peak disappearance or apparition. We would quantified the 

degree of partial melting of the iron-alloys from the analysis of the diffuse x-ray 

scattering (due to the presence of liquid iron) nicely visible in the diffraction patterns. 

Coupled with micro-analysis of recovered samples, the in-situ observations bring 

direct and quantitative constraints on shape and positions of the main boundary-lines 

in the melting diagrams. Our results evidence a sharp melting loop for the Fe-Si 

phase diagram, thanks to a good compatibility of Si (and also C) in solid iron. In 

contrast, the melting loop in Fe-S system remains large in the pressure range 

investigated, even if the S-content in solid iron is found to increase with pressure. At 

25 GPa, the S partition coefficient between solid and liquid iron is found to be of 7(1).  

Understanding the thermal and chemical state of the Earth’s inner core boundary 

(ICB) relies on the knowledge of the high-pressure melting diagrams of iron-alloys, 

which are poorly constrained. Extrapolations of our measurements to the ICB 

conditions remain very speculative; still, we already confirm an increased 

compatibility of S for solid iron with increasing pressure. Another important 

observation is the relatively large melting temperature depression observed in our 

experiments, which confirms the dominant effect of the light elements on the 

temperature at the Earth’s ICB.  
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High-Pressure Phonon Spectroscopy of Oriented hcp Iron by NIS:
Anisotropy of Sound Velocities

H. Giefers 1,2, G. Wortmann 1, A.I. Chumakov 3, D. Alfè 4.

1) Department Physik, Universität Paderborn, D-33095 Paderborn, Germany

2) Department of Physics, University of Nevada, Las Vegas, NV 89154, USA 

3) European Synchrotron Radiation Facility, F-38043 Grenoble, France 

4) University College London, London WC1E 6BT, UK

This talk will first give a short introduction to the methodological aspects connected

with nuclear inelastic scattering (NIS) of synchrotron radiation (SR) for phonon

spectroscopy under high pressure, using the 14.413 keV Mössbauer resonance of
57Fe, as exemplified in previous NIS studies of iron [1,2]. Then recent NIS studies

of oriented hcp iron up to 130 GPa will presented, where the pressure-induced

texture is used to derive the phonon density-of-states (DOS) as seen parallel and

perpendicular to the hexagonal c-axis, as demonstrated in a previous study up to

40 GPa [3]. We observe a clear anisotropy in the elastic properties of hcp iron,

indicating that the lattice is stiffer parallel than perpendicular to the c-axis. Of

particular interest is the observed mean sound velocity vD, from which the

longitudinal and transversal sound velocities, vp and vs can be derived [2]. In

accordance with the other elastic properties, the derived sound velocities are

faster parallel than perpendicular to the c-axis. The derived values of vp are of

actual geophysical interest in conjunction with the observed anisotropy of vp in the

inner Earth´s core and will be discussed in comparison with other experimental

and theoretical results. 

References: 
[1] R. Lübbers, H.F. Grünsteudel, A.I. Chumakov, G. Wortmann, Science 287, 1250

(2000). 

[2] H.-K. Mao et al., Science 292, 914 (2001). 

[3] H. Giefers, R. Lübbers, K. Rupprecht, G. Wortmann, D. Alfè, A.I. Chumakov, High

Pressure Research 22, 501 (2002).

Work supported by the BMBF, grant 05KS4PPB/4. 
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Superconductivity and magnetism in compressed materials:  
Novel phenomena 

 
Viktor Struzhkin 

 
Geophysical Laboratory, Carnegie Institution of Washington, 
5251 Broad Branch Rd., N.W., Washington DC 20015, USA 

 
 

       Compression of a solid presents a natural means to tune interatomic distances and 
induce a variety of transitions ( e. g. insulator-metal transitions, spin-crossover 
transitions, etc.. ) in a variety of materials. The most widely used technique for this 
purpose - diamond anvil cell (DAC) technology - has developed rapidly over the past 
few years. A number of techniques, which were previously limited to ambient 
pressure (because of the requirement of a large sample volume), may now be used at 
high and even ultrahigh pressures. Recent breakthrough results in transport measurements 
at very high pressures are discussed, as well as the progress at synchrotron facilities in 
phonon and electron spectroscopies. The novel techniques developed in our laboratory 
address fundamental properties of compressed materials, e. g. vibrational, electronic, and 
spin excitations. The presented techniques were made possible both by the development 
of multiple probes in bench-top experiments with diamond anvil cells and by the 
developments at the 3rd generation synchrotron x-ray sources. Brief list of topics is given 
below: 
(1) superconductivity in multi-megabar pressure range studied by the magnetic 
susceptibility technique 
(2) transport measurements in multi-megabar pressure range performed by four probe 
technique using van der Pauw method 
(3) magnetic collapse and high-spin to low-spin transitions probed by the x-ray 
K-β emission process in transition metal compounds 
(4) application of nuclear resonant x-ray technique to the measurements of magnetic 
transitions and the phonon density of states of iron-containing materials at 
megabar pressures 
 
Few important applications of these techniques are described, with an emphasis 
on the superconducting properties of elements, transition metal nitrides and oxides. An 
overview of x-ray emission spectroscopy in iron compounds is given, as well as new 
results on the pressure effect on the valence band of germanium. Raman scattering from 
magnetic excitations under pressure is briefly reviewed. 
 
 
Keywords:  superconductivity; inelastic scattering;, high-spin; low-spin; x-ray emission 
spectroscopy; nuclear resonance; insulator-metal transition. 
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Magnetic Susceptibility Experiments on the Heavy Lanthanides

Using Designer Diamond Anvils

D. D. Jackson, V. Malba, S. T. Weir, Lawrence Livermore National Laboratory,

Livermore, CA

P.A. Baker and Y. K. Vohra, University of Alabama at Birmingham, Birmingham, AL

The high pressure magnetic properties of the heavy lanthanide elements Gd, Tb, Dy,

Ho, Er, and Tm have been investigated by ac magnetic susceptibility using designer

diamond anvils. It is found that the magnetic transition temperatures monotonically

decrease with increasing pressure. In addition, the amplitudes of the magnetic

transition signals decrease with increasing pressure, with the signals all eventually

disappearing at pressures by 20~GPa. The transition temperatures, TCrit are all found

to drop at a rate proportional to their de Gennes factor, and the values of

TCrit/TCrit(P=0) vs P/PCrit, where PCrit is the pressure where the magnetic transition

disappears, all sit on a single phase diagram.

This work was performed under the auspices of the U.S. Department of Energy by

the University of California, Lawrence Livermore National Laboratory under Contract

No. W-7405-Eng-48.
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Pressure-Induced Magnetic Phase Transitions in Pr1-xSrxMnO3

Manganites (x = 0.48 – 0.85)
D.P.Kozlenko1, Z.Jirák2, V.P.Glazkov3, B.N.Savenko1 and S.E.Kichanov1 

1 Frank Laboratory of Neutron Physics, JINR, 141980 Dubna Moscow Reg., Russia
2 Institute of Physics, ASCR, Cukrovarnická 10, 162 53 Prague 6, Czech Republic

3 Russian Research Center “Kurchatov Institute”, 123182 Moscow, Russia

E-mail: denk@nf.jinr.ru

The crystal and magnetic structures of manganites Pr1-xSrxMnO3 (x = 0.48 -

0.85) have been studied by means of neutron diffraction at high pressures up to 4.8

GPa in the temperature range 16 – 300 K using sapphire anvil high pressure cells

with the DN-12 spectrometer at the IBR-2 high flux pulsed reactor (Dubna, Russia). 

At ambient pressure Pr1-xSrxMnO3 compounds (x = 0.48 – 0.85) have a

tetragonal crystal structure (sp. gr. I4/mcm) and different magnetic properties for

particular x values. Pr0.52Sr0.48MnO3 exhibits a ferromagnetic state below TC = 290 K.

Pr0.5Sr0.5MnO3 at 175 K < T < TC = 265 K exhibits an intermediate ferromagnetic (FM)

state followed by the onset of the A-type antiferromagnetic (AFM) state at TN ≈ 175 K

which is accompanied by a phase transformation to the orthorhombic structure (sp.

gr. Fmmm). In Pr0.44Sr0.56MnO3 at TN ≈ 215 K the onset of the orthorhombic A-type

AFM state occurs. Pr0.15Sr0.85MnO3 transforms to the C-type AFM state at TN ≈ 260 K.

Under high pressure, in Pr0.52Sr0.48MnO3 the onset of the A-type AFM state (TN

≈ 250 K) accompanied by the structural transformation from the tetragonal to the

orthorhombic structure of Fmmm symmetry was observed. In Pr0.5Sr0.5MnO3 at high

pressures the noticeable increase of the FM – A-type AFM transition temperature

from TN ≈ 175 up to 230 K and formation of the phase separated state below 150 K,

consisting of the mixture of orthorhombic A-type AFM phase and tetragonal phase

without long range magnetic order occur. In Pr0.44Sr0.56MnO3 at high pressures a

tetragonal C-type AFM phase (TN ≈ 125 K) appears and the phase separated state is

formed, consisting of its mixture with the initial orthorhombic A-type AFM phase (TN ≈

220 K) [1]. In Pr0.15Sr0.85MnO3 the initial C-type AFM state remains stable under high

pressure. The stability of different magnetic states of Pr1-xSrxMnO3 under high

pressure is discussed. The work has been supported by the Russian Foundation for

Basic Research, grant 03-02-16879.

[1] D.P.Kozlenko et al., J. Phys.: Condens. Matter 2004, 16, 2381.
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Superconductivity and magnetism of new rare earth ternary borides

synthesized under high pressure

A.V. Tsvyashchenko1, L.N. Fomicheva1,   I.E. Kostyleva1,  E.P. Khlybov1,

V.A. Sidorov1, A.V. Kuznetsov2, A. Zaleski3, V. Fritsch4

1Vereshchagin Institute for High Pressure Physics, RAS, 142090 Troitsk, Russia

2Moscow Engineering Physics Institute, Kashirskoe sh. 31, 115409 Moscow, Russia

3International Laboratory  of High Magnetic Field and Low Temperatures, 

53-421 Wroc aw, ul. Gajowicka 95, Poland

4Los Alamos National Laboratory, Los Alamos, New Mexico 87545,USA

       A new group of ternary borides has been synthesized at  pressure of 8 GPa. The

formula of ternary borides is RRh4B4. These materials were also found  to crystallize,

like R(Rh0.85Ru0.15)4 B4, in a body-centered-tetragonal structure with space group

I41/acd like and 8 formula units per unit cell1. The superconducting and magnetic

transition temperatures and lattice constants for new RRh4B4 compounds are shown

in Table. The magnetism of RRh4B4 (where R=Dy, Ho, Er) is evident in the upper

critical field Hc2 vs. temperature data that are displayed in Figure. The data of heat

capacity C/T of DyRh4B4 vs. temperature in zero applied magnetic field have

revealed two lambda-type anomalies at  Tc2=3.3 K and Tc3=2.5 K as well.

 This work was supported by the Russian Foundation for Basic Research

(project nos. 04-02-16061).

1D.C. Johnston, Solid State Comm., 24, 699 (1977).

R a (Ao) c (Ao) Tc (K) Tm (K)

Dy 7,453 14,950 4,6 3,3

Ho 7,452 14,862 6,1

Er 7,432 14,822 7,4

Tm 7,412 14,870 7,2

Yb 7,449 14,851 - -

Lu 7,449 14,815 9,0 -

Y 7,434 14,934 10,7 -
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Experimental high-pressure study of thermomagnetic and 
thermoelectric effects 

 

Vladimir V. Shchennikov*, Sergey V. Ovsyannikov 

High Pressure Group, Institute of Metal Physics of Russian Academy of Sciences, 

Urals Division,18 S.Kovalevskaya Str., GSP- 170, Yekaterinburg 620219, RUSSIA, 

*e-mail: vladimir.v@imp.uran.ru 

 

In the presentation the following items will be given: 

i) the original stationary and autonomous high-pressure apparatuses and chambers 

made from non-magnetic materials for measurements both at hydrostatic (up to 

2.3 GPa) and also at quasi-hydrostatic pressure P up to 30 GPa. 

ii) the original experimental techniques of investigation of thermoelectric (Seebeck 

effect) and thermomagnetic effects (longitudinal and transverse Nernst-

Ettingshausen effects, Maggi-Righi-Leduc) in microsamples at ultrahigh pressure. 

iii) The results of high-pressure study of semiconductors of IV, VI, IV-VI and II-VI 

Groups.    

Advantages of thermomagnetic and thermoelectric techniques over galvanomagnetic 

one are discussed.  

The work was supported by the RFBR (Gr. 04-02-16178), INTAS (Ref. Nr. 03-55-

629), US CRDF (TGP- 656). 
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Ferromagnetic order up to 300 K in CsCl-type EuX (X = S, Se, Te)  
 

K. Rupprecht1, U. Ponkratz1,2, O. Leupold3, G. Wortmann1 
 

(1) Department Physik, University of Paderborn, D-33095 Paderborn, Germany 

(2)  European Synchrotron Radiation Facility, F-Grenoble, France 

(3) Deutsches Elektronen Synchrotron, HASYLAB, D-22607 Hamburg, Germany 
 

The Eu(II)-chalcogenides are considered as model systems for Heisenberg 

magnetism because of the spin-only J = S = 7/2 4f-moment of the Eu2+-ions and their 

simple NaCl structure. The variation of the magnetic ordering temperatures within the 

chemical series is described by the ferromagnetic J1 exchange between neighbouring 

Eu-ions and the mostly antiferromagnetic J2 exchange via the chalcogen ligands. 

High pressure studies of the EuX series with conventional 151Eu Mössbauer 

spectroscopy as well as neutron studies [1, 2, 3] have contributed important 

information on the pressure dependence of the magnetic interactions of EuX in the 

NaCl phase.  

Here we use the 151Eu nuclear forward scattering (NFS) technique at pressures up to 

120 GPa (1.2 Mbar) to perform systematic measurements of the magnetic and 

electronic properties of EuX in the NaCl phases and, for the first time, in the CsCl-

type high pressure phases. We observe a dramatic increase of the ferromagnetic 

ordering temperatures up to 295 K for EuS at 120 GPa and up to 300 K for EuSe at 

77 GPa. The corresponding hyperfine fields in the CsCl structure exhibit a variation 

with pressure which is markedly different from the behaviour in the NaCl structure, 

attributed to the different coordination and magnetic exchange paths in the CsCl-type 

structure. A possible valence change of the Eu-ions towards Eu3+ will be discussed in 

conjunction with the observed isomer shifts, hyperfine fields and magnetic ordering 

temperatures as well as information from optical and Eu-LIII edge spectroscopy.  

 

[1] M.M. Abd-Elmeguid and R.D. Taylor, Phys. Rev. B 42 (1990) 1048. 

[2] I.N. Goncharenko and I. Mirebeau, Phys. Rev. Lett. 80 (1998) 1082 and cited 

       references. 

[3] R. Lübbers, K. Rupprecht, G. Wortmann, Hyperfine Interactions 128 (2000) 115. 

 

Work supported by the BMBF (grant 05 KS4PPB/4) 
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Electrical resistivity of YbRh2Si2 under extreme conditions

G. A. Dionicio, H. Wilhelm, G. Sparn, J. Ferstl, C. Geibel and F. Steglich

Max Planck Institute for Chemical Physics of Solids, Nöthnitzer-Str. 40, (01187)

Dresden, Germany, dionicio@cpfs.mpg.de

Among the ternary Yb-compounds, YbRh2Si2 has the lowest magnetic ordering

temperature TN ≈ 70 mK at ambient pressure. The proximity to a quantum critical

point makes YbRh2Si2 an ideal candidate to study its unusual transport and

thermodynamic properties related to quantum criticallity as a function of an external

control parameter, like magnetic field [1] or pressure [2,3]. Since pressure stabilizes

the 4f13 (Yb3+) configuration, an enhancement of the weak antiferromagnetic order

(µeff ≈ 0.01 µB) is expected as pressure increases. Indeed, it was observed that TN

increases up to 0.9 K upon applying a pressure of 2.5 GPa [2]. Moreover, at higher

pressures, Mössbauer studies revealed an unusual pressure dependence of TN,

showing a sudden increase of TN at 10 GPa [3], which might be related to a first order

magnetic phase transition from a low moment to a high moment state (µeff ≈ 1.9 µB)

[3].

Motivated by this, the electrical resistivity ρ(T) of YbRh2Si2 was measured on a single

crystal up to 15 GPa in the temperature range 0.1 K < T < 300 K. Based on this

experiment, TN(p) can be divided in three pressure ranges: (i) For p < 4.1 GPa, TN

increases strongly, followed by (ii) a quasi-pressure independent behavior in the

range 4.1 GPa < p < 8 GPa. After a sudden increase of TN, the system eventually (iii)

exhibits a weak pressure dependence above 10 GPa with TN ≈ 7 K at 15 GPa. This

TN(p) is in agreement with the dependence  deduced from Mössbauer measurements

[3]. In regarding to the electronic scattering process at low temperatures, the results

might indicate that there is a unique scattering mechanism in the entire pressure

range. In addition, the pressure dependence of several high temperature maxima in

ρ(T) can be understood as an incoherent Kondo scattering process on the ground

state and the excited crystal field levels.  

[1]  J. Custers, et al., Nature 425 (2003) 525 

[2]  S. Mederle, et al., J. Phys.: Condens. Matter. 14 (2002) 10731

[3]  J. Plessel, et al., Phys. Rev. B 67 (2003) 180403
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Progress in ultrasonic measurement at high pressure 

Michel Gauthier 

CNRS - Université Pierre et Marie Curie – IMPMC, Paris 

mg@pmc.jussieu.fr 
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Elastic properties of invar Fe 64Ni36 

 

L. Nataf, F. Decremps, G. Syfosse, M. Gauthier 

 Institut de Minéralogie et Physique des Milieux Condensés, CNRS & Université P. et 

M. Curie (Paris, France) 

lucie.nataf@pmc.jussieu.fr 

 

Since its discovery in 1897 by C.E. Guillaume, invars has been the subject of 

numerous theoretical and experimental studies [1]. All these works agree to relate the 

invar effect, anomalous low thermal expansion over a wide temperature range, to 

magnetoelastic properties. However, a detailed microscopic explanation still remains 

puzzling for scientists. 

We have made simultaneous x-ray diffraction and ultrasonic measurements 

[2], up to 7 GPa at ambient temperature on a polycrystalline sample of Fe64Ni36. We 

found a linear variation with pressure of the bulk modulus B with an abrupt 

discontinuity at 3.1 GPa. The slope dB/dP goes from an unusual low value (1.4) to a 

regular one (3.6). This result can be interpreted using the 2� -state model [3] : up to 

3.1 GPa, a gradual population of the low spin-low volume state at the expense of the 

high spin-high volume one compensates the thermal expansion due to the 

anharmonicity of the lattice vibrations.  

 

     

 

 

 

            

References:  

[1] E.F. Wassermann, Europhys. News, 1991,  22, 150 

[2] F. Decremps and L. Nataf, Phys. Rev. Lett., 2004, 92, 157204 

[3] Weiss, Proc. Phys. Soc., 1963, 82, 281  
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Crystal Structure Characterization Using Optical Properties

Jeffrey H. Nguyen, J. Reed Patterson, Lorin X. Benedict,

John E. Klepeis, Frederick Streitz and Neil Holmes

Lawrence Livermore National Laboratory

University of California

Livermore, California, USA

Recent developments in tailored dynamic compression techniques have given us the

ability to explore the dynamic phase space along prescribed thermodynamic paths.

However, our ability to characterize the crystal structure under ultra-fast (sub-ns) and

extreme pressure-temperature conditions is lacking.  Here, we will report a novel

idea of using optical properties to characterize phase transitions and crystal

structures under such conditions.  We have measured optical properties of various

metals (Fe, Sn, Bi, and Al) at high pressures and temperatures.  Preliminary analysis

of these results will be reported.   In particular, we will focus on changes in optical

properties across phase boundaries: Fe (α–>ε), Sn and Bi (solid –> liquid).

Implications of these measurements on emissivities, temperature measurements and

on phase diagrams will be explored.  We will also discuss the possibility of using this

technique to explore the differences between the dynamic and static phase

diagrams.

[1] Work performed under the auspices of the U.S. DOE at the University of

California/Lawrence Livermore National  Laboratory under contract W-7405-ENG-48.
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Luminescence study of Eu3+:phosphate glass under pressure

C.K. Jayasankar1, S. Surendra Babu1, P. Babu1, W. Sievers2, Th. Tröster
and G. Wortmann2

1 Department of Physics, Sri Venkateswara University, Tirupati – 517 502, INDIA
2 Department of Physics, University of Paderborn, D 33095 Paderborn,

GERMANY
e-mail: ckjaya@yahoo.com (C.K.Jayasankar)

The pressure dependence of the luminescence of 5D0 → 7F0, 1, 2 transitions of

Eu3+ ions in 58.5 P2O5-9 Al2O3-14.5 BaO-17 K2O-1 Eu2O3 (PKBAEu) glass has

been investigated up to 38.3 GPa.  As the pressure increases from ambient, the
5D0 → 7F0, 1, 2 transitions are shifting towards the lower energy indicating an

expansion of 4f electron wave functions with increasing covalency [1,2].  The

Stark splitting of 7F1 level increased with pressure as shown in Fig. 1, indicating

an increase in the crystal field strength around the Eu3+ ions. As seen from Fig.

2, the decay curves obtained for the 5D0 → 7F2 transition are found to be single

exponential for all the pressures with shortening lifetime due to an increase in

transition probabilities and pressure induced defects [2]. All these results are

reversible when pressure is released.
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Fig. 1: Emission spectra of PKBAEu       Fig. 2: Decay profiles of 5D0 level in  
           glass under pressure.                            PKBAEu under pressure.

[1] C.K. Jayasankar, K. Ramanjaneya Setty, P. Babu, Th. Tröster and

W.B. Holzapfel,  Phys. Rev. B 2004, 69, 214108.

[2] C.K. Jayasankar, S. Surendra Babu, P. Babu, W. Sievers, Th. Tröster and

G. Wortmann, J. Phys.:Condens. Matter 2004, 16, 7007-7015.
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Correlation between spectroscopic and transport experiments 

under pressure in semiconductors: some examples based on III-VI 

and II-VI semiconductors. 

 

A. Seguraa, D. Errandoneaa, J.F. Sánchez-Royoa, D. Martíneza, J. A. Sansa, V. 

Muñoza , A. Chevyb 
aUniversity of Valencia, Spain (Alfredo.Segura@uv.es), bUniversité Pierre et Marie 

Curie, France 

 

This lecture will focus on the reliability of transport measurements under 

pressure as a source of accurate information on the electronic structure of 

semiconductors. The reliability of transport measurements will be discussed by 

correlating transport and spectroscopic experiments.  

After discussing some confusions currently found in the literature about the 

transport properties of semiconductors, we will present some experiments on III-VI 

layered semiconductors in which transport measurements under pressure at different 

temperatures have given interesting keys about the evolution of the electronic 

structure of InSe and GaSe under pressure.  

By using the phase transitions in InSe and CdTe as an example, we will also 

show how transport measurements are very sensitive to precursors effects and 

phase instabilities and provide useful information in some cases in which optical or 

structural experiments do hardly detect any change.  

Finally, on the base of recent results on ZnO, we will focus in some optical 

measurements that are directly related to the transport properties of semiconductors: 

Moss-Burnstein band-gap shift, free carrier absorption and plasma-reflection. Some 

of these experiments yield the high frequency values of standard transport 

parameters and allow for useful correlations with resistivity and Hall effect 

measurements under pressure.     
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Proton Transfer under High Pressure. 
M. Castellà-Ventura, M.H. Limage, and F. Fillaux 

LADIR/CNRS & UPMC, 2 Rue Henri Dunant, 94320 - Thiais, France 

Email: martine.ventura@glvt-cnrs.fr 

 

Our study is devoted to a better understanding of the complex relations 

between the proton transfer dynamics along a hydrogen bond in the quantum regime, 

and the chemical nature of donor and acceptor, the distance between the two proton 

sites, and the shape of the potential function. This distance depends on the pressure. 

In AH•••B hydrogen bonds, the proton transfer is governed by a double 

minimum potential. In symmetric AH•••A systems, the two wells can be equivalent: 

two tautomeric forms exist and proton tunneling may occur. For shorter hydrogen 

bonds, the distance and the barrier height between the two minima decrease. The 

potential may become a single minimum potential and the symmetric structure can 

be considered as the “intermediate state” for proton transfer. 

This dynamics can be observed by infrared and Raman spectroscopy. Very high 

pressures can be obtained with diamond anvil cell. 

The mono-anion of maleic acid in potassium 

hydrogen maléate, KH(OOC−CH=CH−COO) is a typical 

example of a symmetric intramolecular hydrogen bond. 

This bond is strong (2.437 Å), with the proton located at the 

center. At ambient pressure, the potential function is 

symmetrical with a central minimum between two 

secondary minima at higher energy. 

The main results are the following ones. Below 29 

GPa, three pressure ranges (∼3.9, ∼6.4 and >1.8 GPa) 

related to irreversible spectral discontinuities can be 

distinguished. At ∼4 GPa, the splitting of the CH stretching 

mode suggests a distortion of the “ring” of the molecule, 

leading to a disymetrization of the molecule. At ∼6.4 GPa, the simultaneous 

appearance and disappearance of some intramolecular modes indicate a phase 

transition, with opening of the “ring”. 
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High pressure  111Cd – TDPAC  spectroscopy of YbAl2 compound
A.V. Tsvyashchenko1, L.N. Fomicheva1, V.B. Brudanin2, O.I. Kochetov2, A.V.

Salamatin2,  A. Velichkov2, M. Wiertel2,  A.A. Sorokin3, G.K. Ryasniy3, B.A.

Komissarova3

1Vereshchagin Institute for High Pressure Physics, RAS, 142090 Troitsk, Russia
2Joint Institute for Nuclear Research, P.Box 79, Moscow, Russia

3Skobeltsyn Institute of  Nuclear Physics, 119899 Moscow, Russia 

The first measurements of perturbed γ - γ angular correlation (PAC) were done

in the early 1950’s, but the interest in the interaction between electric field gradients

(EFG) eq  and nuclear quadrupole moments Q has increased only recently.

The EFG is an impotent guiding concept for the description of the electronic

structure of solids. From the time-differential perturbed angular correlation (TDPAC)

measurement of the 173-247 keV γ cascade, and knowing electric quadrupole

moment Q of the 5/2 intermediate level in 111Cd, we can extract the EFG eq acting

on the probe nucleus.

The physical properties of YbAl2 exhibit typical signatures of non-integer

valence, i.e. the Yb valence is directly related to the number of 4f  holes nh (or to the

number of 5d-band electrons nd=nh) by υ=2+nh. Recently, the Yb valence in YbAl2
has been investigated by resonant inelastic x-ray emission1. It was found that the

Yb valence increases from 2.25 at normal pressure to 2.8 at 80 kbar. Thus, there is

an opportunity to examine the EFG in relation to the valence of Yb ions in YbAl2 by

the high-pressure TDPAC spectroscopy. The effect of high pressure on the EFG,

present on  111Cd impurity nuclei in YbAl2 compound, has been measured by using

a TDPAC installation2. The pressure range was up to 80 kbar.

As a result, linear dependence between the quadrupole frequency νQ = e2qQ/h

and the number of 5d-band electrons nd (valence υ=2+nd) has been found. This

linear dependence can be expressed by νQ = 7,5(10 nd – 1) MHz.

This work was supported by the Russian Foundation for Basic Research

(project nos. 04-02-16061)
1C. Dallera, E. Annese, J.-P. Rueff et al., Phys. Rev. B 68, 245114 (2003).
2O.I. Kochetov, A.V. Salamatin, A.V. Tsvyashchenko et al., Communication of

the Joint Institute for Nuclear Research, Dubna, P13-2002-265 (2002).
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High-pressure Raman study on type III clathrate compounds 

 

T. Kume1*, T. Kuroda1, S. Sasaki1, H. Shimizu1, H. Fukuoka2, S. Yamanaka2 
1Gifu University, Gifu, Japan, 2Hiroshima University, Hiroshima, Japan 

 E-mail: kume@cc.gifu-u.ac.jp 

 

Silicon clathrates are sp3-bonded crystals composed of Si polyhedron cages, in 

which various guest atoms are usually trapped.  Recently, type III new Si and Ge 

clathrates, Ba24Ge100 and Ba24Si100 were synthesized by several authors [1-4]. For 

conventional type I and II Si clathrates, the high-pressure phase transition has been 

investigated. However, there have been only a few high pressure studies on type III 

clathrate. The present work is the first investigation for the phase transition and the 

cage stability of type III Si and Ge clathrates (Ba24Si100 and Ba24Ge100) using high-

pressure Raman scattering measurements up to about 30 GPa.  

Raman scattering spectra of Ba24Si100 obtained at ambient pressure were different 

from that of Ba8Si46 which shows three peaks assigned with Ba related vibrations 

below 100 cm-1. In Ba24Si100, there were at least five peaks in the similar frequency 

region.  In the high pressure experiments, two phase transitions were found. At 

around 6-8 GPa, the Raman peak at 125 cm-1 

split into two, and became suddenly 

weakened, and at 23 GPa, all the Raman 

peaks suddenly disappeared. The latter 

phase transition is thought to be due to the 

transition into the amorphous state, because 

the spectrum obtained after complete 

decompression was similar to that of the 

amorphous silicon.  Similar experiments were 

performed for Ba24Ge100, and the results are 

compared with those of the Si clathrates. 

[1] H. Fukuoka, et al., J. Solid State Chem. 

2000, 151, 117-121. [2] H. Fukuoka, et al., J. 

Organomet. Chem. 2000, 611, 543-546. [3] W. 

Carrillo-Cabrera, et al., Z. Kristallogr. 2000, 

215, 207-208. [4] S.-J. Kim, et al., J. Solid State Chem. 2000, 153, 321-329. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Pressure dependence of 
Raman spectra of Ba24Si100. 
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Lattice dynamical implication of ilmenite MgXO3 (X=Si, Ge, Ti) using 
Raman spectroscopy at high-pressures and high-temperatures 
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okataku@ess.sci.osaka-u.ac.jp 

 

Ilmenite-type MgX4+O3 (X=Si, Ge, Ti) have various stable P-T regions due to 

their compositions: MgSiO3-, MgGeO3- and MgTiO3-ilmenite are stable at high-

pressures, moderate-pressures and ambient pressure, respectively. In this study, we 

conducted a high-pressure and high-temperature Raman spectroscopic study of 

ilmenite-type MgSiO3, MgGeO3 and MgTiO3. From the viewpoint of elasticity and 

bonding energy, we investigate their behaviours at high-pressures and high-

temperatures and compare structure change with different compositions. 

Raman spectroscopy was a triple microspectrometer equipped with an optical 

microscope and an Ar ion laser. High-temperature experiments were performed using 

a Pt-electric resistant heater. For the high-pressure experiments, a diamond-anvil cell 

(DAC) was used using H2O as the pressure media. Raman spectra of those samples 

were collected up to 770 K at ambient pressure and 30 GPa at room temperature, 

respectively. 

From the obtained Raman bands, we calculated the force constant, k, of the 

stretching modes (Ag(1) and Eg(1)) and obtained the temperature and pressure 

dependence of k. The temperature dependence of k was the order of Ge-O, Si-O and 

Ti-O stretching bands. The tendency induces the relative expansion rate for each 

XO6 (X=Si, Ge, Ti) octahedron. This is consistent with the fact that MgTiO3 ilmenite is 

the only stable phase at the present HT experimental conditions. On the other hand, 

the orders of the pressure dependence of k of Ag(1) and Eg(1) are different. For Si-O 

and Ge-O bonds, the pressure dependence of k of Ag(1) is larger than that of Eg(1). 

Namely, shorter X-O bonds (Ag(1)) are more shortened under pressure than longer 

X-O bonds (Eg(1)), indicating that the distortion of XO6 octahedra is enhanced at 

higher pressures. For Ti-O bond, the pressure dependence was contrary. These 

phenomena obtained are consistent with the results of the single-crystal structure 

analyses by Yamanaka et al. (2005, Am. Mineral., in press). 
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Lattice vibrations and electronic transitions in the Rare-Earth
metals: Praseodymium under pressure

Helmut Olijnyk1*, Walter A. Grosshans2 and Andrew P. Jephcoat1

1Department of Earth Sciences, University of Oxford, Oxford OX1 3PR, UK

2Fachhochschule Offenburg, D-77652 Offenburg, Germany

Praseodymium was investigated by Raman spectroscopy under pressure. A negative

pressure shift of the E2g mode is observed in the dhcp phase, which indicates that the

initial structural sequence hcp→Sm-type→dhcp→fcc as a whole in the regular

lanthanides is associated with a softening of this mode. The pressure response of the

phonon modes, observed in the monoclinic and α-uranium phases, where 4f-bonding

becomes important, is characteristic for anisotropic bonding properties.
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Experimental and theoretical investigation of the electronic 

structure of CuAlO2 delafossite under high pressure 

 

J. Pellicer-Porresa, S. Gillilanda, A. Seguraa, A. Muñozb , P. Rodríguez-Hernándezb, 

D. Kimc, T.Y. Kim, M. S. Leec,  
aUniversity of Valencia, Spain (Julio.Pellicer@uv.es), bUniversity of La Laguna, Spain 

cPukyong National University, Korea 

 

In spite of the large interest aroused by the p-type transparent conductor CuAlO2 

since its discovery [1], the nature and value of its band-gap remains controversial [2]. 

In this communication we report on the evolution of the electronic structure of CuAlO2 

delafossite under pressure and determine the value and character of its band-gap on 

the basis of optical measurements and ab-initio electronic structure calculations. The 

absorption spectrum in the NIR-VIS-NUV range has been measured on single 

crystals up to 20 GPa for light polarization perpendicular and parallel to the symmetry 

axis. In the near-infrared and visible range the absorption spectrum consists of 

several absorption bands that are proposed to be related to internal transitions in 

Cu+2 ions near to Cu vacancies. Absorption in the ultraviolet corresponds to the 

fundamental transition that exhibits a quadratic dependence on the photon energy, 

corresponding to an indirect gap of 2.95 eV at ambient pressure, that increases 

under pressure at a rate of 15 meV/GPa.  At higher energy we detect the onset of an 

intense allowed transition that moves with a pressure coefficient 1.8 meV/GPa and 

was previously identified as the fundamental transition from absorption 

measurements on thin films.  

 

References:  

[1] H. Kawazoe, M. Yasukawa, H. Hyodo, M. Kurita, H. Yanagi and H. Hozono, 

Nature 398, 939 (1997). 

[2] X. Nie, S.-H. Wei,  and S.W. Zhang,  Phys. Rev. Lett. 88, 66405 (2002). 
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Synthesis and Characterization of Transition Metal Nitrides 
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C. Sanloup, A. Young, M. Somayazulu, H.K. Mao and R. Hemley,  

Geophysical Laboratory, Washington DC, USA 

 

 

The interest in the synthesis of the new materials  has been always driven by the 

applications relevant to the technology and fundamental science. Transition metal 

carbides and nitrides form refractory high-strength high-hardness materials [1].  

Recent discovery of platinum nitride (PtN) [1] showed the possibility of synthesis of 

the novel materials at high pressures (e.g. 50 GPa) and temperatures and their 

recovery to the ambient conditions in the diamond anvil cell.  Here, we present two 

novel transition metals nitrides IrN and OsN2 synthesized at extreme conditions 

having exceptionally high bulk moduli.  Using synchrotron x-ray radiation,  Raman 

spectroscopy and electron microprobe analysis we characterize the new materials 

and compare  them with other known transition metals nitrides. 

 
 

References:  

[1] P. McMillan, Nat. Mat., 2002, vol, 1, 19. 

[2] E. Gregoryanz et al. Nat. Mat.,  2004, vol. 3, 294. 
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High Pressure Study of Many-Particle Interactions at Metal-Insulator
Transition in Low Dimensionality Electron Systems

Eugene M. Dizhur, Institute for High Pressure Physics, Troitsk, Russia,

dizhur@ns.hppi.troitsk.ru

We used the high pressure technique as an instrument in experimental studies of

many-particle interactions in concern with the MIT in 2D electron system formed in

Al/n-GaAs:δ(Si) structure as well as in NbS3 that is an example of quasi-1D physical

system with a collective electronic charge transport by a charge density wave.

The effects of many-particle interactions become more clear when lowering the

dimensionality of the system due to weaker screening and due to stronger carrier

density dependence of potential-to-kinetic energy ratio that manifests itself not only in

the energy spectra but also in kinetic properties of electron systems, in particular, in

the drastic change of conductance regime called metal-insulator transition (MIT).

Using the pressure in studies of the GaAs type semiconductors provides a unique

possibility to study the influence of the carrier density keeping the same static

distribution of the impurities and structural defects over the sample. We report the

results on the tunneling and the lateral conductance of 2DEG measured

simultaneously at hydrostatic pressures in $2.5$ GPa range at helium temperatures.

The sharp resistivity rise along the delta-doped layer shows that the MIT in 2DEG at

about 2 Gpa is accompanied by significant evolution of many-particle interaction

induced features (electron - LO-phonon and Zero Bias Anomaly due to the inter-

electron interaction) in the tunneling spectra.

NbS3 is a member of MX3 family (M=Ta,Nb, X=S,Se) with a chain-like structure.

The coupling along the chains is much stronger than in the perpendicular direction,

and the interaction between the electrons condensed in the CDW gives the main

contribution to the elastic properties of the electron crystal and determines many

physical parameters of q-1D conductors. We observed a 5 orders drop of resistance

of NbS3 wiskers in 4-5 GPa pressure range that we attribute to the change of the

dimensionality of electron subsystem under pressure.

The work was supported by RFBR and Phys. Sci. Dept. of RAS grants.
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Associating Borate and Silicate Chemistry by Extreme Conditions:
High–Pressure Synthesis and Crystal Structure of the Novel

Borates RE3B5O12 (RE = Er – Lu)

Holger Emme and Hubert Huppertz, Ludwig-Maximilians-Universität München,

Butenandtstr. 5 – 13, D-81377 München, Germany, huh@cup.uni-muenchen.de

The diagonal relationship B↔Si enables the partial substitution of silicon for boron,

leading to the substance class of borosilicates, which are widespread accessory

minerals. Unfortunately, a complete substitution of silicon against boron in the

tetrahedral position, keeping up the silicate structure, is hardly so simple.

By the use of high–pressure [1] (10 GPa, 1100 °C, Multianvil–technique) we were

able to synthesize oxoborates with the new composition RE3B5O12 (RE = Er – Lu)

(S. G. Pmna), which are homeotype to the beryllo–silicate mineral semenovite

((Fe2+, Mn, Zn, Ti)RE2Na0-2(Ca, Na)8(Si, Be)20(O, OH, F)48) (Fig. 1). These results

have important implications for the geochemistry of the Earth´s mantle. This work is

supported by the Deutsche Forschungsgemeinschaft and the European Science

Foundation (COST D30/003/03).

[1] H. Huppertz, Z. Kristallogr. 2004, 219, 330-338.

Fig. 1. Comparison of the crystal structures of RE3B5O12 (RE = Er – Lu) (left; light polyhedra Q3, dark

polyhedra Q4) and semenovite (right). The light polyhedra in the structure of semenovite visualize the identity

of the tetrahedral layers in RE3B5O12 (RE = Er – Lu) and semenovite.
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Synthesis of novel materials
under high pressures.
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Université BORDEAUX 1 « Sciences and Technologies »

351 Cours de la Libération, 33405 Talence Cedex, France.
*Contact : Gérard DEMAZEAU – demazeau@icmcb-bordeaux.cnrs.fr

Through an analysis of the research works involving the high pressure synthesis of

novel materials during these last 20 years, high pressures can be involving either as

thermodynamical parameters or reactive component. These both aspects of high

pressure synthesis can be developed roughly at two different scales: (i) the

macroscopic one when a material (including composition and structure) is involved or

(ii) the nanoscopic scale when pressure can modify some atomic parameters (size,

electronic structure…). 

The first approach involving a pressure domain more accessible (from 10 MPa to

20 GPa) using different equipments (reaction vessel, piston-cylinder, belt,

multianvils…) and different reaction medium (gas, liquid, solid), was the most

developed.

The second approach requiring high pressure values can be mainly developed

through Diamond Anvil Cell.

In the near future two research areas seems to be promising: (i) the high pressures

involving in addition a fluid phase (Solvothermal Reactions) due to the improvement

of the reactivity and (ii) the materials chemistry in Diamond Anvil Cell.
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33405 Talence Cedex (France)

3 Chair of radiochemistry, Department of Chemistry Lomonosov University
119899 MOSCOW-V-234 - Russia

*Contact : Graziella GOGLIO - goglio@icmcb-bordeaux.cnrs.fr

Layered silicates are common components of many soils, so they arouse much

interest in geology and mineralogy areas. In addition, phyllosilicates such as

smectites constitute a naturally occurring class of inorganic catalyst and are studied

for their interesting properties including cation exchange, intercalation and swelling

[1]. These earth’s crust compounds can be used as structural models to develop new

functional materials. For example we have evidenced that it is possible to synthesize

some new layered oxides structurally related to natural phyllosilicates such as biotite

or phlogopite mica : the phyllosiloxides [2,3]. This new class of layered oxides was

expanded to three new compositions : KMg2Fe3+Si4O12, KFe2+
2AlSi4O12, and

KFe2+Fe3+
3Si3O12. The sol-gel route was adopted to prepare a precursor and the

polycrystalline samples were obtained by solvothermal treatments at 750°C/650MPa.

The three powder X-ray diffraction patterns were successfully indexed by 1M

polytype of mica. Platelet morphologies of these samples were observed through the

images of scanning electron microscopy. Mossbauer spectroscopy and squid

measurements have been performed to determine the magnetic behavior of these

compounds which will be discussed as a function of the repartition of transition ions

in the materials.
[1] T. J. Pinnavaia, Science, 220, 22 (1983)

[2] P. Reig, G. Demazeau, R. Naslain, Eur. J. of Solid State and Inorg. Chem, 32, 439 (1995)

[3] G. Demazeau, J. Mater. Chem., 9, 15 (1999)
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SINGLE CRYSTAL GROWTH OF GALLIUM NITRIDE BY SLOW-

COOLING OF ITS CONGRUENT MELT UNDER HIGH PRESSURE 

W.Utsumi, H.Saitoh, H.Kaneko, K.Kiriyama, and K.Aoki 

Synchrotron Radiation Research Center, Japan Atomic Energy Research Institute 

Mikazuki, Hyogo 679-5148, Japan, utsumi@spring8.or.jp

We were successful in synthesizing single crystals of GaN (Gallium Nitride) by 

means of slow cooling of its congruent melt under high pressure.  GaN is a key 

material in optoelectronic devices for blue light-emitting diodes and lasers. Large 

GaN single crystals from its melt cannot be synthesized by standard methods at 

ambient pressure such as Czochralski or Bridgman growth because it decomposes

before melting.  We confirmed by in situ X-ray diffraction study that applying high 

pressures above 6.0 GPa completely prevented the decomposition and allowed the 

congruent melt of GaN at 2220°C,  Using a cubic-anvil-type large volume high-

pressure apparatus and GaN powder as a starting material, single crystal growth was

performed by decreasing temperature from 2400°C at 6.5 GPa.  The X-ray rocking 

curve of the recovered sample showed very narrow line width smaller than 30 arcsec, 

suggesting its low dislocation density. 
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Figure 1  Phase diagram of GaN at high P-T

determined by in situ x-ray diffraction

[1] W.Utsumi, H.Saitoh, et al., Nature Mater. 2003, 2, 735-738. 

[2] H. Saitoh, W.Utsumi, H.Kaneko and K.Aoki, J. J.Appl. Phys. 2004. 43, L981-L983. 
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temperature: a combined Raman and theoretical study 
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Cubic boron nitride (cBN) has several remarkable  properties including extreme 

hardness, chemical inertness, high thermal conductivity, and a wide band gap, that 

makes it attractive for many practical applications including abrasives, protective 

coating and microelectronic devices. Since most of these properties include the use 

of the material at extreme conditions, the study of its physical properties under these 

conditions is essential. 

It has been suggested [1], that cBN can be used as a pressure sensor 

because of the stability of its crystal structure under very high pressure. Use of cBN 

as a Raman pressure gauge at simultaneous conditions of high pressure and 

temperature has been proposed recently [2-4], but the corresponding experimental 

studies are limited to 1550 K at approximately 9 GPa [2] and 727 K at 20 GPa [3]. No 

theoretical calculations of the vibrational properties cBN at simultaneous high 

pressure and temperature are reported. 

In this work, Raman spectroscopy in the diamond anvil cell and density 

functional  calculations have been used to determine the pressure dependence of the 

transverse zone-center optical phonon mode to 40 GPa and 2000 K. High 

temperatures were achieved using laser heating combined in some cases with  

internal (resistive) heating. Powdered alumina and argon served as pressure media. 

The results establish a high-pressure scale at high temperatures based on the 

measured and calculated frequency of the transverse optical mode. Our experiments 

show that cBN can be conveniently used as in situ pressure sensor to at least 2400 K 

and 40 GPa.   

[1] I. V. Aleksandrov et al., High Pressure Research, 1989, 1, 333-336. 

[2] C.-S. Zha, W. A. Bassett, Rev. Sci. Instrum., 2003, 74, 1255-1262. 

[3] F. Datchi and B. Canny, Phys. Rev. B. 2004, 69, 144106. 

[4] T. Kawamoto et al., Rev. Sci. Instrum., 2004, 75, 2451-2454. 
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High pressure synthesis is a very powerful tool to stabilize new 

compounds with perovskite-like structure. This has been exclusively 

demonstrated in the research of high Tc cuprate superconductors (HTS) which 

can be viewed as the derivatives of copper-oxide based perovskites containing 

the [CuO2] plane. This presentation will introduce our recent work on the 

phase formation and physical properties of the perovskite-like structures by 

using high pressure synthesis and diamond anvil cell technique in the A-Cu-O 

system (A represents the alkaline earth element), which in most case are 

superconductors being modulated by chlorine and oxygen occupancy at the 

charge reservoir block. Besides included is the work of the polymorphous 

transition to perovskite like structure of other related copper oxides. Also 

covered is the high pressure synthesis and property studies of other related 

transition metal oxides.  
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Synthesis and characterisation of the ruthenium(II)
hydride/dinitrogen complex under gas pressures in aqueous solution

G. Laurenczy, M. Loy

EPFL, Institute of Chemical Sciences and Engineering, CH - 1015 Lausanne,

Switzerland, email: gabor.laurenczy@epfl.ch

Interest in the chemistry of ruthenium(II) water soluble complexes has increased over

the past few years due to potential applications in catalysis(1) and medicine(2). Several

ruthenium(II) aqua complexes with small gas molecules have been reported in aqueous

solution: In water [Ru(H2O)6]2+ reacts with pressurised H2 giving the dihydrogen

pentaaqua Ru(II) complex(3). Two water-soluble dinitrogen complexes of the

ruthenium(II) aqua ion have been characterised under N2 pressure using multinuclear

NMR spectroscopy(4). In presence of CO pressure(5), Ru(II) ion can be transformed into

the monocarbonyl, cis-dicarbonyl and fac-triscarbonyl complexes. Under ethylene

pressure of [Ru(H2O)6]2+, beside the formation of the mono and bis ethylene

complexes, the dimerisation reaction takes place(6): several isomers of butene have

been isolated. 

We report here the synthesis and characterisation of new water soluble hydride Ru(II)

species, including a complex having both dinitrogen and hydride ligands present in the

first coordination sphere.
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Synthesis of a noble metal nitride under extreme conditions. 

J. C. Crowhurst, A. F. Goncharov, J. L. Ferreira, C. L. Evans, J. M. Zaug  

Lawrence Livermore National Laboratory, University of California, Livermore CA, 
USA, crowhurst1@llnl.gov 

Iridium nitride has been synthesized in a laser-heated diamond anvil cell at a 
pressure above 47 GPa and at temperature of around 2000 K. The compound is 
stable under ambient conditions.  
 
Transition metal nitrides are of great technological importance traditionally because 
of their strength and durability, but also because of other interesting physical 
properties (e.g. optical, electronic, and magnetic [1]).  Recently, several experimental 
and theoretical investigations have been made into the synthesis and properties of 
nitrides produced under extreme conditions of pressure and temperature. Novel 
phases of known nitrides have been successfully synthesized [2,3] as well as at least 
one entirely new compound [4]. The latter work reports the synthesis of the binary 
noble metal nitride PtN. This material was found to be stable under ambient 
conditions and to possess a bulk modulus of 372 GPa, remarkable for being nearly 
100 GPa higher than the pure metal.  Here we report that a recoverable nitride of 
iridium is produced at pressures of not less than 47 GPa and at a temperature of 
around 2000 K. The corresponding Raman spectrum (collected from 85 GPa to 
ambient pressure) exhibits many intense features. We have determined the 
stoichiometry of the material using x-ray photo-electron spectroscopy and compare 
the results thus obtained with those of SEM micro-probe investigations. We also 
report the crystal symmetry of the material on the basis of XRD measurements.   We 
are currently investigating the material hardness using the technique of nano-
indentation. 

[1] S.T Oyama in S.T. Oyama (Ed.), The Chemistry of Transition Metal Carbides and 
Nitrides; Blackie Academic and Professional, London, 1, (1996). 
[2] A. Zerr, G. Miehe, and R. Boehler, Nature, 400, 340–342 (1999). 
[3] A. Zerr, G. Miehe, and R. Boehler, Nature Mater. 2, 185–189 (2003). 
[4] E. Gregoryanz, C. Sanloup, M. Somayazulu, J. Badro, G. Fiquet, H-K Mao and R. 
J. Hemley, Nature Mater., 3, 294-297 (2004). 
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Photo-induced polymerization of nitrogen at multi-Mbar pressure. 
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and Institute of Spectroscopy of the Russian Academy of Sciences.  

Troitsk, Moscow reg., Russia. E-mail popov@ntcstm.troitsk.ru 

 

Effect of photo-induced polymerization of nitrogen in multi-Mbar pressure 

range is reported. Molecular nitrogen was transformed to different atomic phases 

using this effect.  

Previous studies [1, 2] reported a pressure-induced transformation of 

molecular nitrogen N2 to a non-molecular (polymeric, or atomic) state at pressure 

130-170 GPa. Interpretation of high-pressure atomic phases is difficult, because the 

sample composes presumably from phase mixture [2]. Heating of the sample [3] 

leads to possible chemical reactions of nitrogen with diamond anvil. As result, 

structure study reveals principal contradictions between Raman and X-ray data.   

In the present study molecular nitrogen was loaded in diamond cell up to 170 

GPa without an initialization of transformation to atomic phase. At pressure 170 GPa 

the sample was completely opaque and black. There are only bands of molecular 

phase in the Raman spectra and no signs of atomic phase. The illumination of the 

samples at 130 and 170 GPa gives strong effect of the photo-induced polymerization: 

the intensities of the molecular modes drop and the characteristic bands of polymeric 

nitrogen appear in the Raman spectra. The photo-transformation at pressure 130 

GPa leads to formation of cubic gauche phase [1], whereas the photo-transformation 

at 170 GPa leads to formation of another new phase. In the second case the photo-

induced transformation is accompanied by pressure decreasing to 165 GPa, 

indicating a volume decreasing of the sample. Pressure increasing to 250 GPa gives 

no new features in the Raman spectra.  

 

References:  
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PRESSURE IONIZATION OF MULTIPLE SHOCK COMPRESSED PLASMAS 
AT MEGABARS

V.Fortov
Institute for High Energy Density of RAS, Moscow

Physical properties of hot dense plasmas at megabar pressures are of important for
astrophysics, planetary physics, geology, ICF target design and for understanding of physical
processes of intense laser and particle beam-target interactions. Moreover, the intense laser
and particle beams are the unique tools for generation of shock waves with ultramegabar
pressure amplitudes, which open the new possibilities for experimental investigation of
physical properties of matter at high pressure. The physical properties of hot dense matter at
high pressures and energy densities are analyzed in a broad region of parameters. The
theoretical and experimental methods of non-ideal plasma investigations are discussed. Main
attention is paid to the dynamical methods. Intense shock, rarefaction, and radiative waves in
solid and porous samples, electrical explosion and bulk electron and ion heating were used for
generation of high density matter at extremely high pressure. The highly time-resolved
diagnostics permit us to measure thermodynamical, radiative and mechanical properties of
high pressure condensed matter in the phase diagram broad region – from the compressed
condensed solid state up to the low density gas range, including high pressure evaporation
curves with near-critical states of metals, strongly coupled plasma and metal-insulator
transition regions. 

The theoretical interpretation of the opacity measurements demonstrates a strong
deformation of discrete spectrum in non-ideal plasmas. The pressure ionization phenomena in
hydrogen, helium, noble gases, iodine, silica, sulfur, H2O, fullerenes and some metals are
analyzed on the base of multiple shock wave electrical and explosion experiments. The data
obtained were described by the non-ideal plasma model taking into account increase of charge
carrier number as a result of “pressure” ionization. In contrast to these experiments the
multiple shock compression of solid Li, Ca and Na shows dielectrization of these elements at
megabars. The estimations of the dielectrization pressure range for some elements at
ultramegabars are presented. 

The experimental data obtained allow us to construct four-phase wide-range equations
of states and transport properties models, which describe the physical properties of matter
within a broad phase diagram region with taking into account high pressure melting,
evaporation, ionization, and metal-insulator transition. The computer simulations of high-
pressure fast phenomena in condensed matter were carried out using these semi-empirical
models
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EXPERIMENTAL MEASUREMENT OF COMPRESSIBILITY, 
TEMPERATURE AND LIGHT ABSORPTION IN A DENSE SHOCK-

COMPRESSED GASEOUS DEUTERIUM 

S.K.Grishechkin, V.K.Gryaznov, M.V.Zhernokletov, R.I.Il'kaev, I.L.Iosilevsky, V.B. 

Mintsev, A.L.Mikhaylov, M.A.Mochalov, V.E.Fortov, V.V.Khrustalev, A.A.Yukhimchuk 

root@gdd.vniief.ru 

Today in view of the fact of developing work on laser nuclear fusion, study of 

structure and evolution of astrophysical objects interest in investigation of 

thermodynamic and electro physical qualities of hydrogen, elementary and most 

distributed element in the nature, has been rekindled in megabar pressure range.  

In the present work we chose deuterium in gaseous state with high initial 

density close to density of liquid deuterium as an object for investigation. Parameters 

of initial condition for deuterium were determined with high degree of reliability, 

because in case of gas they are entirely depend on initial pressure and temperature. 

Using semispherical generator of shock waves in two experiments under pressures 

≈83 GPa and 93 GPa in shock compressed gaseous deuterium we measured density 

ρ=0,64 g/cm3 and 0,70 g/cm3, temperature T=23000 K and 24100 K and light 

absorption up to 70 cm-1. The obtained results were compared with available 

experimental and theoretical data. 

 
Figure – T-P dependence: 1 – experiment; calculation: 2 – model SAHA-IV,  

3 – model MSK 
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CHARACTERIZATION OF LIQUID ARGON UNDER SHOCK 
COMPRESSION IN 125-515 GPa PRESSURE RANGE 

V.K. Gryaznov, M.V. Zhernokletov, R.I. Il`kaev, V.B. Mintsev, A.L. Mikhailov, M.A. 

Mochalov, V.E. Fortov 

root@gdd.vniief.ru 

Investigation of thermodynamic and optical qualities for shock-compressed 

condensed inert gases is a field of interest because of its symmetric electron 

structure in atom and compact packing in crystalline state. That is why these 

substances are well-behaved for theoretic description of their qualities with following 

comparing with experiment. 

In present work we represent new experimental data on shock compression, 

temperature and light absorption for liquid argon in a pressure range from 125 to 515 

GPa.  

To research qualities of liquid argon under pressures above 100 GPa in 

present work we used experimental devices consisted of semispherical generators of 

shock waves and cryogenic pans. Earlier in the same construction qualities of liquid 

shock-compressed xenon were investigated [1]. To obtain data on shock 

compression shock wave velocities in liquid argon and in screens of experimental 

devices were measured by electric pins and optical gauges. By registration of shock 

wave front irradiation we obtained data on temperature and light absorption. 

During the experiments we have measured density ≈5 g/cm3, temperature 

≈31300K and absorption coefficients up to 180 cm-1 of shock-compressed liquid 

argon on basic Hugoniot up to pressures ≈233 GPa. After shock wave reflection from 

sapphire window we have registered density of compressed argon ≈5.8 g/cm3 and 

7.2 g/cm3 under pressures 300 and 515 GPa. Basing on semi empirical models of 

equation of state we analyzed experimental and calculated data. 

 

Reference [1]: M.V.Zhernokletov, R.I.Il’kaev, S.I.Kirshanov, et al. SCCM-2003, 

p.p.129-132. 

55



Tailored Dynamic Thermodynamic Paths:

Implications for Phase Transitions and Planetary Isentropes

Jeffrey H. Nguyen, Daniel Orlikowski, Frederick Streitz and Neil Holmes

Lawrence Livermore National Laboratory1
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Livermore, California, USA

We will report a series of new dynamic compression experiments that can be tailored

to reach previously inaccessible dynamic thermodynamic states beyond the principal

Hugoniot and isentrope.  In particular, we will discuss our progress on dynamic

compression using prescribed impedance profile impactors in gas gun experiments.

These impactors have been used in experiments demonstrating complex loading

paths  that include combination of  shocks, quasi-isentropic compressions, controlled

releases.  The quasi-isentropic compression experiments last microseconds, and are

capable of bridging the timescales of static experiments and current dynamic

compression experiments.  Using these techniques, we have carried out off-

Hugoniot experiments on Al, Cu, and Ta.  We also studied phase transitions in

molten bismuth and water.  We will also discuss the application of these techniques

to study the timescale of phase transition and implications for experiments along the

planetary isentropes.

[1] Work performed under the auspices of the U.S. DOE at the  University of

California/Lawrence Livermore National  Laboratory under contract W-7405-ENG-48.
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Electronic Structure Changes in Anthracene Crystals under
Static and Shock Compression: Role of Nonhydrostaticity

Zbigniew A. Dreger, Naoki Hemmi, and Yogendra M. Gupta 

Institute for Shock Physics, Washington State University, Pullman, WA 99164-

2816, USA

High pressure response of molecular crystals is not as well understood as

the response of covalent or ionic crystals.  Because molecular crystals are highly

compressible, small variations in applied stresses result in large intermolecular

changes.  In addition, because of low symmetries resulting deformations, high

pressure effects in these crystals are sensitive to nonhydrostaticity. 

To understand the role of nonhydrostaticity on electronic structure

changes in molecular solids, we examined anthracene crystals up to ~ 8 GPa

under various loading conditions. The fluorescence and absorption experiments

were performed to characterize differences in electronic structure of anthracene

crystals under hydrostatic and nonhydrostatic (static and shock) compression.

Under hydrostatic loading the changes in absorption and fluorescence spectra

were gradual and reversible, and only red shifts are observed.  In contrast, the

onset of non-hydrostatic conditions generates several new features: (i)

emergence of a new absorption band, (ii) deviation in absorption and

fluorescence peak shifts, (iii) broadening of vibrational peaks, and (iv) occurrence

of fluorescence with the excimer-like characteristics. 

The spectroscopic results indicate the formation of new electronic states

under nonhydrostatic conditions as a consequence of high stress and plastic

deformation. The origin of new states is discussed and attributed to dimer-type

defects formed in nonhydrostatically compressed (statically or shocked)

anthracene. 

Work supported by DOE and ONR. 
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Transient states of reconstructive phase transitions captured
in shock recovery experiments

O. Tschaunera, S.N. Luob,c, P.D.Asimowd, T.J.Ahrensb, J. Mosenfelderd, D.C.
Swiftc,  T.E. Tierneyc, D.L. Paisleyc, S.J. Chiperac

a High Pressure Science and Engineering Center, Department of Physics,

University of Nevada, Las Vegas, NV 89154-4002, USA;
b Lindhurst Laboratory of Experimental Geophysics, Seismological Laboratory,

California Institute of Technology, Pasadena, CA 91125, USA; 

cPlasma Physics (P-24) and Earth and Environmental Sciences (EES-11), Los

Alamos National Laboratory, Los Alamos, NM 87545, USA;
d Division of Geological and Planetary Sciences, California Institute of

Technology, Pasadena, CA 91125, USA

Upon compression many materials undergo major reconstruction of their

structure and bonding involving an increase in coordination of constituting

atoms and change in bonding-character. While transforming, the materials

pass through intermediate states, which are usually to fugitive to be captured

and examined. Shock experiments allow in many cases for quenching such

intermediates structural states. Recent developments in techniques of X-ray

diffractometry allow for quantitative examination of structures of even very

small amounts of shock-retrieved crystalline phases.

We discuss carbon and silica as examples of systems where we succeeded in

quenching such interesting intermediate states of structure from shock-

experiments. We present the structures of the retrieved new phases of carbon

and silica and discuss them with respect to the transformation mechanisms.

Further, we discuss states of disorder in some of these phases as being

intrinsic to these transformation mechanisms. 
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Anisotropic Shock Propagation in Single Crystals 
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le-Châtel, France 

 

Convergent geometry or elastic anisotropy in single crystals causes non-

planar acoustic waves to focus and/or form caustics [1,2].  For nonlinear waves the 

resolution of convergent geometry caustics has been studied, remaining unresolved, 

for nearly 50 years [1,3,4].  The case of nonlinear waves in elastically or plastically 

anisotropic crystals has not received similar attention.  In fact, most single-crystal 

shock experiments have been performed in high-symmetry directions and the nature 

of shock propagation in low-symmetry directions remains largely unstudied.   

We have propagated non-planar (divergent geometry), laser-driven shock 

waves through thick (~1 mm) single-crystals of diamond or silicon backed by an 

isotropic tungsten-carbide or stainless-steel backing plate.  On recovery of the 

backing plates we observe a shallow depression showing evidence of anisotropic 

plastic strain with well-defined crystallographic registration. We observe 4- and 2-fold 

symmetric impressions for [100] and [110] oriented crystals respectively.  For [100] 

oriented crystals the low-strain direction is toward the (111) slip planes as shown 

below.  Various mechanisms for these observations will be discussed. 
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High-pressure mineralogy: state of the art and future.

Artem R. Oganov
1Laboratory of Crystallography, Department of Materials, ETH Hönggerberg, HCI G 515, Wolfgang-

Pauli-Str. 10, CH-8093 Zurich, Switzerland. E-mail: a.oganov@mat.ethz.ch.

Last decade has seen a tremendous improvement in the understanding of the interiors of

the Earth and other planets. Many of these advances are due to better understanding of the

micorscopic behaviour and physical properties of planet-forming materials at high pressures

and temperatures. In this Lecture I will review several latest achievements, e.g.:

1. The discovery of the post-perovskite phase of MgSiO3 [1,2]. 

2. The discovery of a new phase of alumina (Al2O3) and its potential geophysical

implications [3].

3. Derivation of a thermal model of the Earth’s mantle [4,5].

4. Studies of Fe at conditions of the Earth’s core [6,7].

The major challenges, e.g. systematic exploration of new phases and studies of

rheological properties [8], will be discussed as well. 
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Absence of charge localization in compressed magnetite from first 

principle computations 
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Magnetite (Fe3O4) is a magnetic mineral, of interest as a carrier of paleomagnetic 

data and for use in magneto-optical devices. Magnetite occurs in the inverse spinel 

structure: in this structure n tetrahedral sites (t) are occupied by ions with a nominal 

3+ charge, while the 2n octahedral (o) sites are equally occupied by 2+ and 3+ ions. 

Magnetite is an antiferrimagnet with the moments of the o Fe having the opposite 

direction from those on the t site. Under ambient condition the two o Fe are 

equivalent, implying that nominal charges on this site can be written as 2.5+.  Charge 

localization on the o site has been invoked both under low temperature (T), in order 

to explain the Verwey transition where magnetite transforms from a metal to an 

insulator, as well as a high pressure (P). While structural distortions and charge 

localization under low T have been explored extensively, charge localization under P 

has not attracted a comparable amount of attention. Using in-situ Mössbauer 

spectroscopy evidence for a transition with increasing P from Fe3+(t) and 2 Fe2.5+(o) 

through an intermediate state of Fe3+(t) and Fe2+,Fe3+(o), the inverse spinel, to 

normal spinel with Fe2+(t) and 2 Fe3+(o) has been found. Here we test the hypothesis 

of charge ordering as a function of P by means of density functional methods. We 

apply all electron computations (LAPW) with the generalized gradient (GGA) as well 

as LDA+U approximations to the exchange and correlation potential to investigate 

the electronic and magnetic structure of the three Fe sites in the structure, breaking 

the equivalency of the o sites. We monitor the magnetic moments and the electronic 

density states associated with them and evaluate the charge density with Bader 

charges. While formal charges can not be inferred from this, the Bader analysis 

should be sensitive to finding charge differences between the various sites. We are, 

however, not able to find any discernable charge localization, electronic or magnetic 

differences for the two o sites for compression range explored (V/V0>0.80). 
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Ab initio treatment of minerals at high pressures and temperatures  
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The mantle of the Earth extends from the depth of about 670 km to 2981 km. It 

consists mainly of MgSiO3-perovskite, (Mg,Fe)O magnesiowüstite and CaSiO3-

perovskite. It is possible to calculate thermodynamic properties, structures and 

energetics of the separate minerals at extreme conditions of the mantle using ab 

initio methods. To get a better picture of the mantle it is necessary to not only look at 

chemically pure minerals, but to consider them as solid solution, as it is the probable 

case in nature. 

The calculations are based on the generalized gradient approximation (GGA) [1] 

method and the projector augmented wave (PAW) method [2], which is a very 

accurate method for solving the total energy problem.  

Using density functional theory the structure and the stability of the CaSiO3 

perovskite in the pressure range of the Earth’s mantle (0-150 GPa) have been 

calculated [3]. Additionally we use the subregular solid solution model together with 

point defect calculations to model the solidus curve of the (Ca,Mg)-perovskite phase 

diagram at 25 GPa. This is a special case, because there is also a symmetry change 

from a tetragonal to an orthorhombic perovskite structure as you increase the 

concentration of Mg. This is the first work to treat this subject with ab initio methods. 

 

Supercomputing facilities were provided by CSCS (Manno, Switzerland).  
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Al, Fe incorporation into post-perovskite from first principles
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The phase transition of pure MgSiO3 perovskite (Pbnm) to the post-perovskite
(Cmcm) structure has been reported recently at pressures corresponding to the
Earth's lowermost mantle [1-4]. We use ab initio calculations to assess whether this
transition survives for more realistic mantle compositions containing significant
amounts of Al and Fe. We estimate phase coexistence pressures as functions of
minor element concentration, and from this we obtain the effects of Al and Fe on the
depth and sharpness of the transition. For a pyrolitic mantle composition, and
assuming all of the Al partitions into MgSiO3, we find that Al preferentially partitions
into perovskite, thus increasing the transition pressure (by approximately 5 GPa). The
transition takes place over a depth range of width 225 km. Fe competes with Al by
lowering the transition pressure, so that post-perovskite is likely to exist in the lower
mantle; however, the transition is still smooth.
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The Earth’s internal activity shows off through, among others, earthquakes, 

volcanic eruptions and continental drifts. These events are energetically related to the 

heat flux at the surface (~4.4 1013 W). Half of this power rises from the radioactive 

decay of U and Th. We hardly know partition coefficients for U and Th between the 

crust and the mantle. Also, we don’t know which phases can host these two elements 

under the extreme PT conditions of the Earth's mantle. It appears essential to 

determine the location of these elements in the Earth in order to understand the 

thermal behavior of our planet. 

We investigated the HP-HT behavior of potential U-bearing compounds in the lower 

mantle. Experiments were performed with a Multi-Anvil Press (MAP) and Laser-

Heated Diamond Anvil Cell (LHDAC). Quenched MAP samples were analysed by 

Analytical Scanning Electron Microscopy (ASEM) and Electron Probe Micro-Analysis 

(EPMA). LHDAC samples were examined in situ by X-ray diffraction with a 

synchrotron source. We studied two types of starting materials: simple oxides like 

natural uraninite UO2 and mixtures of Ca or Ca-Al silicates with uraninite UO2. 

UO2 appears to display a new orthorhombic structure at pressure above 30 GPa 

and up to 80 GPa, different from the cotunnite structure expected for such a AO2 

compound. This orthorhombic structure is a sligth distortion of the cubic fluorite-type 

structure observed for UO2 at lower pressure.  

Among the HP-HT products of the mixtures of Ca and Ca-Al silicate with UO2, we 

observe a new U-bearing phase with a stoichiometry close to CaSiO3 and a 

perovskite-type structure which is stable at pressure up to 53 GPa. This phase is able 

to incorporate up to 3 at% of U. The importance of this new phase is discussed in the 

perspective of new geochimical and sismological models which propose dense and 

radiogenic layers in a heterogeneous lower mantle. 
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Research on the effect of high hydrostatic pressure (HHP) on cells and 

microorganisms has initially been driven to understand life in deep sea organisms or 

microbial inactivation in food processes. HHP exerts manifold effects on cells and 

microorganisms, leading to adaptation, stress response or cell death. It affects all 

levels of cellular physiology targeting cellular organization, transcription, translation, 

protein conformation, enzyme activity and membrane function. These effects result 

from the general thermodynamic property of high pressure to influence 

macromolecular interaction. Therefore, HHP can be used as a powerful tool to study 

these basic cellular functions and possibly tailor them to understand e. g. cellular 

regulation or signal transduction or use cells as factories apart from any food or deep 

sea related system. 

To get insight in the mechanisms of the complex bacterial response to high 

pressure we have analysed Lactobacillus sanfranciscensis which is used in food 

biotechnology. HHP sensitive targets were identified in the (i) membrane physiology 

with fluorescence techniques, (ii) proteome with 2-D electrophoresis (iii) 

transcriptome with microarrays and real time PCR and (iiii) regulation with the 

development of a reporter system. More than 25 proteins were identified to be 

differentially expressed upon high pressure stress. In a transcriptome analysis about 

8% of the investigated genes were affected in their expression. Most of them 

appeared to be up-regulated by 2-4 fold. These results were verified by real time 

PCR. For some genes up-regulated at proteome level, gene induction was shown 

(clpL/guaA/groEL/rbsK), for others their response to high hydrostatic pressure at the 

transcriptome level seems to differ from proteome. The up-regulation of certain genes 

corroborates the hypothesis that the cell tries to compensate for pressure induced 

impairing of membrane transport and translation. The latter appears as a highly 

pressure sensitive process initiating changes in cellular physiology and stress 

response to maintain vital functions and repair. 
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Abstract 
 
The application of high hydrostatic pressure is of keen interest in un/refolding and misfolding 
processes of proteins. Multidimensional high resolution NMR spectroscopy is the only generally 
applicable method/technique to monitor pressure-induced structural changes at the atomic level in 
solution. 
Up to now the application of most of the multidimensional NMR experiments is impossible due 
to the restricted volume of the high pressure glass cells which causes a poor signal-to-noise ratio. 
There are currently a number of approaches to overcome the filling factor problem, e.g. high 
strength single crystal sapphire cells, and ceramic cells. 
To understand the effect of pressure on proteins, the pressure dependence of 1H chemical shifts in 
random coil model tetrapeptides is necessary and was recently investigated. The results allow 
distinguishing structural changes from the pressure dependence of the chemical shifts. In 
addition, many buffer systems change their characteristica under the influence of pressure. 
A number of proteins have been investigated by high-pressure NMR spectroscopy and display 
global differences in their sensitivity to pressure. The implementation of high pressure into NMR 
spectroscopy allows to shift the conformational equilibrium in these proteins and stabilize 
intermediate states important for function. Association/dissociation phenomena of proteins have 
been investigated as well. 
Since high pressure was shown to populate intermediate amyloidogenic states of proteins the 
investigation of pressure on proteins involved in protein conformational disorders like 
Alzheimer’s Disease (AD) and Transmissible Spongiform Encephalopathies (TSE) in 
combination with high resolution NMR spectroscopy is currently the only method to monitor and 
thus understand such transitions at the atomic detail. 
Here we review the recent advances made in the methodology of high pressure NMR 
spectroscopy as well as novel results on protein aggregation and the stabilization of functional 
important intermediates. 
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Kinetics of the High Pressure Inactivation of Bacteriophages 
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Bacterial fermentations in the fields of dairy technology and biotechnology require 

aseptic conditions to achieve the highest process safety. To ensure a high hygienic 

standard of the nutrient medium we have the options of heat treatment, microfiltration 

and high pressure treatment. Heat treatment is effective in terms of sterilization but 

valuable nutrients such as vitamins and functional substances may be destructed. 

Microfiltration is efficient in maintaining the nutrients and removing microorganisms but 

bacteriophages can pass (bacteriophages: 0.05 - 0.5 µm), which put the fermentation 

at risk. High pressure is known to inactivate pathogens while vitamins and enzymes 

mostly persist [1] but can bacteriophages be inactivated by high pressure? The kinetics 

of the high pressure inactivation of bacteriophages were to investigate in this study.  

The lactococcal phage P008 which is wide-spread in dairy companies was chosen as 

the reference phage [2]. High pressure treatments ranged from 300-600 MPa at 

temperatures up to 70 °C. Phage counts were determined by the plaque assay.  

The resultant kinetics were non-1st-order and exhibited a tailing. The kinetics were 

approximated by a nonlinear regression model which is based on the Eyring equation 

and the rate law of nth order [3]. The reaction order, n, the rate constant, kp,T, and the 

volume of activation, ∆V# were calculated. From the kinetic data a pressure-

temperature- (p,T-) diagram was established [4]. The experimental data as well as the 

p,T-diagram show that pressure and temperature act antagonistically when pressure 

and temperature are relatively high, i.e. for the effective inactivation of bacteriophages 

high pressure should be combined with low temperature. After all, high pressure has 

the potential to inactivate bacteriophages but further investigations on the relevant 

phage types and their kinetics is needed. 
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Today cancer causes the death of every forth human world-wide. The classical 

therapies for solid cancer have limitations in prolonging the live span of the patients. 

Therefore, new therapeutic approaches are urgently needed and vaccination against 

cancer with autologous tumour vaccines has shown promising results in animal 

experiments. Basically, autologous tumour cells are injected into the patient. For this 

purpose, they have to be inactivated before application. This strategy is dependent 

on an efficient inactivation of the cells, which is usually accomplished by gamma-

irradiation. A new method for the inactivation of tumour cells is high hydrostatic 

pressure (HHP) treatment (> 100 MPa). A major issue of tumour cell inactivation is 

the preservation of their immunogenicity, which is strongly influenced by the pathway 

of cell death induced during inactivation. The aim of our studies was to analyse the 

HHP induced cell death pathways. We observed that treatment of tumour cells with 

pressure up to 100 MPa did not restrict the viability of the cells. However, a further 

increase of the pressure results in the death of treated cells. At 200 MPa, cells died 

in a way that is related to classical apoptosis with preservation of the selectivity of the 

plasma membrane, phosphatidylserine exposure, and morphological alterations. The 

HHP induced apoptosis proceeded faster than apoptosis induced by UVB irradiation. 

Cells treated with 300 and 400 MPa executed a necrotic death pathway. In contrast 

to alternative methods for the induction of necrosis (heat, detergent, oxidative stress), 

the nuclei of HHP treated cells were very efficiently degraded within a few ours of 

culture. Most importantly, both pressurized apoptotic and necrotic cells largely 

retained their humoral immunogenicity, when tested in C57/BL6 mice.  
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This paper reports on research results regarding the effect of preservation methods

(heat pasteurisation, high pressure pasteurisation and freezing) of the vegetable

juices on the content of health important chemical components (vitamins,

polyphenols) and their anti-mutagenic activity. The chilled cruciferous vegetable such

as cauliflower, broccoli, red cabbage and Brussels sprouts were used for single sort

vegetable juices preparation. These juices contain potentially large number of

glucosinolates and their enzymatic (myrosinase) decomposition products

(isothiocyanates) that are regarded as anti-cancer anti-mutagenic agents provoking

the decontamination processes in human body cells (chemoprevention). The main

focus is devoted to the effect of preparation methods on sulforaphane in broccoli

juice and the high pressure treatment (time and level of pressure) on the

sulforaphane content in the juice. The anti-mutagenicity of these juices is compared

and effect of preservation treatment is evaluated. These juices can be used as

components of functional foods (fruit-vegetable juices) having preventative anti-

cancer, anti-mutagenic effects.
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The lateral organization of the constituents of biological membranes poses one of the 

major current problems in membrane biophysics. A particular question is related to the 

existence of lipid domains on the nm and micrometer length scale. Substantial evidence 

has also accumulated that points to the presence of distinct liquid-ordered lipid regions 

termed "rafts" in cell membranes. They are rich in sphingomyelin and cholesterol and 

are thought to be important for cellular functions, such as signal transduction and the 

transport of lipids and proteins. We studied the structure and lateral organization of 

several ternary lipid mixtures without and with incorporated peptides using small-neutron 

scattering (SANS) in combination with the H/D contrast variation technique and two-

photon excitation fluorescence microscopy. The ternary mixtures DOPC / sphingomyelin 

/ cholesterol (10-33 mol%) exhibit a power-law behavior of their SANS intensity with an 

exponent of 3.0 over an extended temperature range, indicating the existence of 

composition fluctuations, which correspond to space-filling droplets with a broad size-

distribution ranging from about 20 to 200 nm. The heterogeneous membrane structure 

observed in this system thus contrasts with the characteristic shapes of gel-fluid type 

lipid domains, and can rather be described by coexisting liquid-ordered/liquid-disordered 

domains. Fluorescence microscopy was used for direct visualization of the lateral lipid 

organization and domain shapes including information on the lipid phase state in the 

micrometer range. By adding peptides (gramicidin, short lipidated peptides), drastic 

changes of the lateral organization of the membrane occur and, by a molecular sorting 

mechanism, new lateral structures may be induced. Moreover, pressure dependent FT-

IR spectroscopy, SAXS and fluorescence microscopy experiments were carried out to 

reveal pressure dependent conformational and phase changes in these systems and to 

construct their corresponding temperature-pressure phase diagrams. 

70



Joint 20th AIRAPT – 43th EHPRG, June 27 – July 1, Karlsruhe/Germany 2005

High pressure effects on the infectious prion protein
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Prion diseases are associated with the accumulation of a misfolded form (PrPSc) of

the cellular prion protein (PrPC). This misfolded beta-sheet rich aggregated

pathogenic multimer seems to be the main component of the transmissible form.

Suitable inactivation procedures are aggressive, with a consequent loss in quality

and texture in the treated tissues. Therefore, our interest in assessing the effects of

unconventional milder technologies on prion stability and prion infectivity arises from

the necessity of providing alternative sterilisation procedures at risk materials. 

Crude brain homogenates infected with the 263K strain of scrapie (PrPSc) and

isolated prion proteins were heated and/or pressurised at 800 MPa at 60 °C for

different holding times in different buffers and in water. Prion proteins were analysed

on immunoblots for their proteinase K (PK) resistance, and in bioassays for their

infectivity. Samples pressurised at initial neutral conditions and containing native

PrPSc or the N-truncated PrP 27-30 were negative on immunoblots [1], a 6-7 log10

reduction of infectious units per gram was reported in PBS buffer after a two hour

treatment [2]. A pressure induced change in the protein conformation of native PrPSc

leading to less PK resistant and infectious prions was confirmed in all buffers tested

at initial neutral conditions and in water.

However, opposite results were found after pressurising isolated prions at neutral

conditions and after pressure treatment of native infectious prions at slightly acidic

pH, arguing for the existence of pressure sensitive β-structures (PrPSc
∆Psen), and

extremely pressure resistant β-structures (PrPSc
∆Pres).The distinct behaviour of native

and isolated prions indicate differences in the protein structure that have not been

taken into consideration before.  
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High-pressure treatments necessary to reach high or complete microbial 

inactivation could be improved through the combination of high pressure with other 

physical parameters. Among the studies carried out on coupling effects, only a few 

have been interested in the synergy between high pressure and low temperatures, 

including subzero range [1-2]. 

This work was intended to study the coupling effect of subzero temperature and 

high pressure on microbial inactivation. A yeast (Saccharomyces cerevisiae), a gram 

positive bacteria (Lactobacillus plantarum) and a gram negative bacteria (Escherichia 

coli) were treated at different pressure levels (0.1 to 600 MPa, 0-60 min holding time), 

temperatures (from ambient to -20°C, without freezing) and water activity levels (from 

aw 0.85 to aw ≈1). The inactivation and shape modifications of yeast spheroplasts and 

giant spheroplasts of Escherichia coli were also investigated. 

Results show a non-monotonous pattern of microbial inactivation. In fact, 

synergistic and antagonistic interactions between subzero temperature and high 

pressure were observed. The type and magnitude of interaction was largely a 

function of pressure range, temperature, holding time and the type of microorganism. 

For example, for pressure between 150 and 300 MPa and aw 0.992 a temperature of 

-20°C makes it possible to reduce pressure by about 100 MPa to achieve the same 

inactivation rate of Escherichia coli observed at 25°C. However, for pressure above 

300 MPa, an antagonistic effect was observed and subzero temperatures seems to 

counteract the anti-microbial pressure effect.  

The role of hydration conditions in the high pressure subzero temperature 

effects on microbial inactivation was investigated. Results argue in favor of the 

involvement of thermodynamic properties of water. 

[1] C. Hashizume et al., Biosci. Biotech. Biochem 1995, 59 (8), 1455-1458. 

[2] JM. Perrier-Cornet et al., J. Biotech. 2005, 115, 405-412. 
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The coordination changes in halogenide melts (ZnCl2, AlCl3) and P,T-phase

diagrams of corresponding crystalline substances were investigated for the first time.

ZnCl2 substance at room pressure has tetrahedrally-coordinated structures in

crystalline, glassy and liquid states. Crystalline ZnCl2 at compression transforms to 6-

coordinated modification. AlCl3-substance is 4-coordinated in liquid state and 6-

coordinated in crystalline state with the huge (90%) volume jump at melting. This

substance was not studied previously under pressure. In present work we study P,T-

phase diagrams of ZnCl2 and AlCl3, and their liquid short-range order structure at

different pressures.

         The transformation in crystalline ZnCl2 occurs around 2.6-3.2 GPa at room

temperature and around 2.3 GPa near melting curve (the triple point is located at

2.3+-0.2 GPa ; 650+-30C).  AlCl3 crystal does not change its structure up to 6.5 GPa.

Heating to 300-350C at P>3GPa leads to the sub-structures of high-pressure phases

formation in both substances. The melting was studied up to 4.4GPa (Tm~960C) for

ZnCl2 and up to 6GPa (Tm~1350C) for AlCl3. 

         The quenching of liquid ZnCl2 with cooling rates 10-100K/s at P>0.5GPa does

not lead to the glass formation in contrast to room pressure behaviour. ZnCl2 liquid at

compression demonstrates strong decrease ( or breakdown) of intermediate range

order (IRO) in pressure range 0-1.5 GPa, remaining tetrahedrally-coordinated, and

sharp first-order-like change of the structure to ZnCl6-octahedron-based liquid around

3GPa, 800C. In AlCl3 liquid also there is the breakdown of IRO in the pressure

interval 0-2.5GPa and first-order-like coordination changes (4 - to 6-coordinated melt)

around 4GPa, 1270C. Thus both liquid halogenids present the first example of the

continuous breakdown of IRO at compression with the subsequent sharp liquid-liquid

phase transitions.
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Density-functional electronic calculations have been used to investigate the high-

pressure behaviour of americium. The phase transitions calculated agree with the 

recent sequence obtained experimentally under pressure [1]; double hexagonal close 

packed (P63/mmc) → face centred cubic (Fm 3 m) → face centred orthorhombic 

(Fddd) → primitive orthorhombic (Pnma). In the first three phases the 5f electrons are 

found localized, only in the fourth phase (Am IV) the 5f electrons are found 

delocalized. The localization of the 5f electrons is modelled by an anti-ferromagnetic 

configuration which has a lower energy than the ferromagnetic ones. In this study the 

complex crystal structures have been fully relaxed. 
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Figure 1. Total energies as functions of volume for Am, calculated in different crystal 
structures; dhcp (�), fcc (+), Am III (o) and Am IV (�) with an AFM configuration and 
Am III (�), Am IV (×) and α-Pu (�) assuming spin degeneracy. The room temperature 
equilibrium volume for Am is denoted by a vertical broken line. 
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Pressure-induced electronic Mott transition in MnO
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Mott’s seminal work on how insulating character may arise out of the electron-

electron repulsion used a 3d transition metal monoxide, NiO, as an example and

suggested its pressure-induced metallization, the Mott transition [1]. Yet for 55 years

the Mott transition in these archetypal Mott insulators MnO, FeO, CoO, and NiO has

eluded detection at room temperature due to the high pressures required. Recent

resistivity measurements using “designer” diamond anvils, however, have seen this

insulator-metal transition in MnO, a five order of magnitude decrease in resistance

between 90 and 106 GPa [2]. In this paper, we present x-ray emission spectroscopy

and x-ray diffraction data which not only suggest that the Mott transition in MnO is a

far richer phenomenon than just the onset of metallization, but that it also exhibits

profound similarities to transitions in the lanthanides and actinides as has been

predicted [3] and thus furthers our general understanding of electron-correlation

driven phase transitions.

MnO is a paramagnetic (PM) insulator in the B1 (rock salt) structure at ambient

pressure and temperature, transforms to an antiferromagnetic (AFM) rhombohedral

distortion (denoted dB1) at 30 GPa, then to an unknown “intermediate” phase at 90

GPa, and then to the B8 (NiAs) structure at around 120 GPa [4]. In the present x-ray

emission experiments (Fig. 1), we found that MnO undergoes at least two first-order

electronic transitions: one at the onset of the B1 (PM)-dB1 (AFM) transition at 30

GPa and the other in the middle of intermediate phase at around 105 GPa.

Furthermore, our subsequent x-ray diffraction experiments found that the

intermediate phase is consisted of a mixture of dB1 (AFM) and B8 (PM) phases and

the B8 (PM) phase further transforms to an iso-structural diamagnetic B8 (DM) at

around 105 GPa.

The present spectral and diffraction data together with the recent resistance

data [2] provide a coherent picture of the Mott transition in MnO, which concurrently

manifests (1) significant loss of magnetic moment, (2) large isostructural volume

collapse and (3) the insulator-metal transition. The magnetic and structural sequence
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we suggest is consistent with the available data for FeO [5,6] in a great geophysical

importance and may shed light on the later 3d monoxides as well. Furthermore,

although similarities between the electron-correlation driven transitions in the 3d

monoxides and the 4f- and 5f-electron metals were predicted years ago [3], it is truly

striking that these three signatures observed here for the archetypal Mott transition in

MnO are all observed at the volume-collapse transitions in the lanthanide and

actinide metals.
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Figure 1:Mn K-edge x- ray

emission spectra of MnO at high

pressures showing a significant

modification of magnetic moment

evident from the changes in Kb’ as

pressure increases. These spectral

changes occur abruptly at 30 GPa and

105 GPa suggesting the first-order

electronic phase transitions.

* This work has been supported by the LDRD-04-ERD-020 and PDRP programs

at the LLNL, University of California, under the auspices of the U.S. DOE under

Contract No. W-7405-ENG-48.
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1CEA/DPTA, BP12, 91680 Bruyères le Châtel, France. email : 

celine_sortais_soulard@yahoo.fr  - 2 IMN, 2 rue de la houssinière, 44000 Nantes, 
France. -  3 Departement of Chemistry, North Carolina University, Raleigh, 27695-

8204, USA. -  4 ESRF, BP 220, 38043 Grenoble Cedex. 
 

Under ambient conditions, PdSe2 adopts the PdS2-type structure (o-PdSe2). 

Its crystal structure at high pressure (up to 30 GPa) was investigated at 20°C and at 

300°C by X-ray energy-dispersive diffraction. Le Bail refinements and ab initio 

calculations evidenced a solid-solid phase transition to the pyrite-type structure (c-

PdSe2), strongly related to the o-PdS2 (Fig.1).1  

 
Fig. 1: perspective view of o-PdSe2

 

 

 

 

 

 
Fig. 2: plot of volume vs. pressure 
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 Using the experimental data obtained at 20°C and 300°C, we examined the 

order of the PdSe2 phase transition and its dependence on temperature. For this 

purpose, we calculated and analyzed the thermodynamical potential and the entropy 

generation by numerically calculating the equation of state. We also found that the 

cell volume of c-PdSe2 was smaller at 300°C than at 20°C by nearly 40% (Fig.2). 

Such a dramatic decrease in the unit cell volume meant a strong reorganization of 

the bonding and was suggestive of an incoming phase transition. This possibility has 

been experimentally confirmed by fedgling high pressure experiments at ESRF. We 

surprisingly found that the new allotropic phase was a 2D CdI2-type structure. It 

probed that all MSe2 (M=transition metal) structures are linked. We evidenced the 

interconversion path between the 3 allotropes, explaining their relative stabilities on 

the basis of a thermodynamic and electronic structure study.  
                                                                          
1

 Larchev et al., Neorg. Mater. 1978, 14, 775 - C. Soulard et al., Inorganic Chemistry, 2004, 43, 1943. 
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The high- pressure phase diagram of the NH3- H2O system

Grasset O., Pargamin J., Choukroun M.

UMR 6112, NANTES /FRANCE, Olivier.Grasset@chimie.univ- nantes.fr

The ammonia- water system has been extensively studied by petrologists in the

past decades below 0.2 GPa mainly because ammonia is a good inhibitor of clathrate

formation. This system is now explored at larger pressures by planetologists because

large amount  of  ammonia  are supposed to  be trapped in  ices  in  the  outer  solar

system and in geant ocean- exoplanets. In order to respond to this new interest, an

accurate  description  of  the  ammonia  effect  on  both  the  melting  temperature  and

stability of high pressure ices is proposed. 

The water rich region of the ammonia -  water phase diagram presents at least

six  solid  phases.  The  three  characteristics  of  the  diagram  are:  i)  the  melting

temperature  of  ices  decreases  strongly  when  ammonia  is  added;  ii)  there  is  a

peritectic  curve  corresponding  to  the  reaction  L+Ice  ⇔ Dihydrate;  iii)  the  eutectic

curve  (L⇔Dihydrate+Monohydrate)

is located at very low temperature

(180 K).  Previous data are mainly

located  in  the  [0- 300]  MPa

pressure range and in  the water-

rich domain (Fig.  1).  Thus, except

for  ice  I,  ammonia  effects  on  the

melting  temperature  of  HP  ice

polymorphs is not well known.

New experiments have been carried out in an optical sapphire anvil cell coupled

to a Raman spectrometer for adding data at high pressures. Based on previous and

new data,  a thermodynamical  description of  the different  liquidii  of  the ammonia-

water system will be proposed. It will be shown that the low pressure and water rich

domain of the system is well constrained. Furthermore, the stability field of both high

pressure ices and ammonia hydrates can be  roughly defined. Implications of these

results for studying internal structures of large icy satellites of Jupiter and Saturn and

large planets of outer stellar systems will be shortly described.

Figure 1: Experimental data in the Pres.-  Comp.  space.
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Crystal-Amorphous and Crystal-Crystal Phase Transformations 

 via Virtual Melting 

 

Valery I. Levitas,  

Texas Tech University, Department of Mechanical Engineering,  

Center for Mechanochemistry and Synthesis of New Materials, 

Lubbock, TX 79409, USA, email: valery.levitas@coe.ttu.edu 

 

Pressure-induced crystal (c)-amorphous (a) phase transformations (PTs) were 

considered in literature (e.g. for ice, quartz, high albeite, and jadeite) as a low 

temperature analog of melting along the metastable continuation of melting lines in 

pressure-temperature phase diagram. However, some contradictions were found 

concerning metastable melting hypotheses [1]. In this paper, a new mechanism of 

pressure-induced c-a and c-c PTs and internal stress relaxation via virtual melting 

(VM) induced by internal stresses was justified thermodynamically and kinetically. 

The energy of the internal elastic stresses, induced by large transformation strain for 

c-c PT, increases the driving force for melting and reduces the melting temperature; 

under certain conditions, a barrierless melt nucleation occurs. Melting releases the 

internal stresses and the unstable melt solidifies into the stable crystalline (above the 

glass transition temperature) or amorphous (below the glass transition temperature) 

phase. A short-lived unstable melt (transitional state) is called the VM [2]. VM 

removes interface friction, reduces kinetic barrier, increases atomic mobility, can 

reduce thermodynamic melting temperature and stabilize subcritical c nucleus or 

transform it to an amorphous nucleus. VM also resolves the contradictions mentioned 

in literature [1]. We combine VM, detailed stress analysis and nonequilibrium PT 

diagrams to develop new scenarios of c-a and c-c PTs. Results are applied for a new 

interpretation of melting, c-c and c-a PT mechanisms in ice Ih. VM is expected to be 

a main mechanism of amorphization in geological materials (e.g. �-quartz, coesite, 

and jadeite), in brittle semiconductors (e.g. Ge and Si), in materials leading to 

superhard phases (e.g. BN and graphite), as well as polymet, Zn43Sb57 and Cd43Sb57. 

1. V.V. Brazhkin, A. G. Lyapin. High Pressure Research. 1996, vol. 15, 9-30. 

2. V. I. Levitas, B. F.Henson,  L. B. Smilowitz, B. W. Asay. Phys. Rev. Lett. 2004, vol. 

92, 235702. 
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Structure transition of Sc to 300 GPa 

Y. Akahama, H. Fujihisa# and H. Kawamura 

Graduate School of Material Science, University of Hyogo 

3-2-1, Kouto, Kamigohri, Hyogo 678-1297, Japan, akahama@sci.u-hyogo.ac.jp

#National Institute of Advanced Industrial Science and Technology (AIST) 

1-1-1, Higashi, Tsukuba, Ibaraki 305-8565, Japan

It is well known that the stability of crystal structures of rare-earth metals is 

related to the d-band occupancy. Under high pressure, they exhibit a successive 

pressure-induced structure transitions with a systematic sequence of structure; hcp - 

Sm type–dhcp–fcc-distorted fcc–fcc. The sequence is caused by the electron-transfer 

from s-band to d-band (s-d transition). 

Scandium (Sc) is the first member of the rare-earth elemental metals and its stable

structure at ambient condition is hcp. Previous x-ray structural studies [1,2] reported 

that the hcp-Sc phase showed a phase transition around 23 GPa. However, according 

to the recent x-ray study [2], the crystal structure of the high-pressure phase (Sc-II) 

was explained as a pseudo-bcc structure with a distorted icosahedral clusters and did 

not correspond to any structures as mentioned above. Whether or not, Sc follow this 

systematic?

In this paper, the structural phase transition of Sc was studied at pressure up

to 292 GPa and at 297 K, by powder x-ray diffraction experiments. Four structural 

phase transitions were observed around 23, 104, 140, and 240 GPa. The structure of 

the highest-pressure phase, Sc-V, was found to be a hexagonal lattice ( S.G.:P6122 or 

P6522) consisted of 6-scrw helical chains (shown in Fig. 1),and this phase was stable

up to 300 GPa. The lattice could be explained as a distorted face centered-cubic

(dis.-fcc).

[1] Y.K. Vohra, W. Grosshans, W.B. Holzapfel,

Phys. Rev. B25(1982)6019.

[2] Y.C. Zhao, F. Porsch, W.B. Holzapfel,

Phys. Rev. B54(1996)9715.

Fig.1 Structure model of Sc-V.

80



Joint 20th AIRAPT – 43th EHPRG, June 27 – July 1, Karlsruhe/Germany 2005

Transitional high-pressure diagrams of amorphous fullerene-based
molecular and quasi-chain forms of carbon

A.G. Lyapin1, Y. Katayama2, V.V. Brazhkin1, A.G. Gavrilyuk1, Y. Inamura2, 

M.V. Kondrin1, V.V. Mukhamadiarov1, S.V. Popova1, I.A. Trojan1, T.D. Varfolomeeva1

1-Institute for High Pressure Physics, Troitsk, Moscow region, 142190, Russia
2- Synchrotron Radiation Research Center, Japan Atomic Energy Research Institute,

Kouto 1-1-1, Mikazuki-cho, Sayo-gun, Hyogo 679-5148, Japan

e-mail: alyapin@hppi.troitsk.ru

Due to the diversity of chemical bonds between carbon atoms (sp1, sp2, and sp3

hybridized states), carbon allotropes are combined into a great family of materials.

Whereas new crystalline, amorphous, cluster-based and nanocrystalline carbon

phases are actively experimentally synthesized and theoretically developed, the high-

pressure and/or high-temperature behavior of many carbon materials is still a grey

area for researchers. In this respect, the influence of dimensionality and topology of

covalent carbon networking on the structural stability and evolution of structure under

extreme conditions needs to be recognized in many cases.

Here, using quenching experiments, in situ energy-dispersive x-ray diffraction in

the cubic-type multi-anvil press at the Spring-8, and in situ optical measurements of

absorption edge in the DAC, we present the study of transitional diagrams of two

amorphous carbon materials, including molecular fullerite C2n (mixture of fullerenes

C2n with varied size of fullerene buckyballs, 50<2n<170) and quasi-chain sp1-type

form of carbon – cumulene carbyne. The measurements were carried out at high

temperatures (up to 1000 oC) up to 9 GPa and at the room temperature up to 70

GPa. At pressures up to 9 GPa, the both studied materials demonstrate

transformation to strongly disordered graphite-type states upon heating, whereas the

pressure slightly influences on the scenarios of these graphitization processes. The

both transformations are accompanied by semiconductor-to-semimetal transitions. I

have been shown that carbyne is less stable with respect to high-temperature

treatment, where graphitization occurs at 500 to 800 oC. The main stage of

graphitization of fullerite C2n takes place at 900 to 1000 oC as in the case of C60. In

contrast to molecular forms of carbon, like C60, carbyne doesn’t demonstrate a

collapse of a semiconductor gap upon room-temperature pressurization, and its gap

begins to increase at P>20 GPa after slight decrease at lower pressures.
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Pressure Induced Phase Transitions in PbSnTe Alloy

Anurag Srivastava*, R. K. Singh2, Y. Hayakawa3, and M. Kumagawa3

* School of Information Technology, Guru Ghasidas University, Bilaspur (CG)

495009 India
2 Center for Basic Sciences and Information Technology, M.P. Bhoj Open

University, Bhopal (M.P.) 462024
3Research Institute of Electronics, Shizuoka University, Johoku 3-5-1,

Hamamatsu, 432-8011 Japan

A study of PbTe:SnTe system under high compression has observed the

structural phase transformations from the parental rocksalt (B1) type phase to

finally most stable CsCl (B2) type structure. Three Body potential (TBP)

approach [1], consists of long range modified Coulomb and three body forces

and short range van der Waals and Hafmeister Flygare type overlap repulsive

interactions, has been applied for the present investigation. In the present study

the effect of van der Waals as well as three body forces have been analysed

separately, which shows that the great influence of three body forces as well as

short range van der Waals [2] as these materials are partially covalent

compound. The computed transition pressures for the host binary compounds

are in agreement to the observed results by other workers.

Reference:
[1] R. K. Singh Physics Reports (Netherland) 1982, 85, 259-403
[2] Walter Kohn, Y. Meir, D. E. Makarov, Phys. Rev. Lett. 1998, 80, 4153-4156
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Polymolecular high-pressure phase of nitrogen

Chrystèle Sanloup1, Eugene Gregoryanz2, Maddury Somayazulu3,
Russell J. Hemley2, Ho-kwang Mao2 and Alexander Goncharov4

1Université Pierre et Marie Curie, Laboratoire MAGIE, case 110, 4 place Jussieu, Paris, France.
2Geophysical Laboratory, Carnegie Institution of Washington,
5251 Broad Branch Road NW, Washington D.C. 20015 U.S.A

3 HPCAT, Carnegie Institution of Washington, APS, 9700 South Cass Avenue,
Argonne, IL 60439 4 LLNL, Livermore, CA 94550, U.S.A.

Recently, a distinct class of molecular phases of solid nitrogen has been discovered at high pressures and temperatures
[1]. Optical measurements showed that one of the novel phases (θ) has very strong intermolecular interactions and
infrared vibron absorbtion, which are strikingly different from all other known phases of N2. We have performed x-ray
diffraction studies on θ phase of nitrogen which show that intermolecular distances are significantly reduced compared
to (epsilon/zeta)N2 at the same pressures. These findings confirm a charge transfer from intra- to intermolecular
bond, as deduced from optical measurements, and provide a microscopic basis for the observed high compressibility.
These charge-transfer interactions connect nitrogen molecules in such a way that the chains of rings appear, forming
a unit consisting of six nitrogen atoms (e.g. three N2 molecules). Polynitrogen molecules have been of interest as
possible high-energy-density molecules, with heat of formation of the order of few hundreds of kcal per mole [2]. N6

molecules have been predicted to exist by theoretical investigations [3–5] and two of them, hexaazabicyclopropenyl
and in particular hexaazadiazide are close to what we observe in θ phase. Also, solid hydrogen at high pressures
pressures might undergo a phase transition to form termolecular complexes such as (H2)3 [6], before transition to the
atomic or metallic phase at still higher pressures. The identification of this new structure of nitrogen casts new light
on the nature of phase III of hydrogen.

[1] E. Gregoryanz et al., Phys. Rev. B 66, 224108 (2002).
[2] R. Engelke, J. Phys. Chem. 96, 10789 (1992).
[3] W. J. Lauderdale, J. F. Stanton and R. J. Bartlett, J. Chem. Phys. 96, 1173 (1992).
[4] M. N. Glukhovtsev, and P. v. R. Schleyer, Chem. Phys. Lett. 198, 547 (1992).
[5] M. Tobita, and R. J. Bartlett, J. Phys. Chem. A 105, 4107 (2001).
[6] R. LeSar and D. R. Herschbach, J. Phys. Chem. 85, 3787 (1981).
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On the Nature of Solid Oxygen Beyond the ε−ζ Phase Transition 
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(paul.loubeyre@cea.fr), DIF/DPTA, CEA 91680 Bruyères-le-Châtel, France. 
 

Solid oxygen has been shown, unlike nitrogen and hydrogen, to undergo a transition 

to a metallic state at room temperature at 96 GPa [1,2]. The understanding of the 

mechanism of this insulator-metal phase transition is still controversial.  The 

electronic transition to the metallic phase (ζ-O2) was first shown to be accompanied 

by an iso-structural transition [3]. Weck et al. [4] have then shown, by single crystal 

X-ray diffraction, that the transition is not isostructural but of a displacive nature within 

the molecular plane of the ε-O2 phase; the single crystal is even re-constructed above 

110 GPa.  However the structure of the (ζ-O2) phase could not be refined. Yet, it has 

been shown that the x-ray data were not compatible with the various theoretical 

predictions.  Furthermore, it was shown that metal oxygen is molecular but the 

magnitude of the wavenumber discontinuity of the vibron at the ε-ζ transition differs 

between the two Raman spectroscopy studies [4,5]. 

To further elucidate the nature of the ζ-O2 phase, we have undertaken a study 

of dense solid oxygen under the best hydrostatic pressure conditions. In this 

communication, we report recent results of Raman spectroscopy experiments carried 

out on single crystals of oxygen imbedded and oriented differently in solid helium, 

across the ε-O2 to ζ-O2 phase transition and beyond, to pressures close to 140 GPa. 

Our results indicate, in agreement with those published [5], a significant decrease of 

the O2 stretching vibration wavenumber at 103 GPa with respect of that extrapolated 

from the ε-O2 phase and, in contrast, the appearance of a second Raman-active line 

at a wavenumber slightly above the former. The increase of pressure induces a 

gradual splitting between the vibron wavenumbers. We tentatively associate our 

observation with the displacive structural transition observed by X-ray diffraction. 

Finally, we report recent single crystal X-ray diffraction data, obtained at the ESRF.  

[1] S. Desgreniers, Y. K. Vohra, and A. L. Ruoff, J. Phys. Chem. 1990, 94, 1117-
1122. 
[2] K. Shimizu et al., Nature,1998, 393, 767-769 
[3] Y. Akahama et al., Phys. Rev. Lett., 1995, 74, 4690-4. 
[4] G. Weck, P. Loubeyre , and R. LeToullec. Phys. Rev. Lett., 2002, 88, 035504/1-4.  
[5] A. F. Goncharov, E. Gregoryanz, R. J. Hemley, and H-k. Mao. Phys. Rev. B., 
2003, 68, 100102/1-3. 

84



Joint 20th AIRAPT – 43th EHPRG, June 27 – July 1, Karlsruhe/Germany 2005

Pressure-induced hexagonal to cubic transition in the Yttrium 
and Rare-Earth trihydrides   

T. Palasyuk and M. Tkacz, Institute of Physical Chemistry of Polish Academy of

Sciences, Poland, temar@ichf.edu.pl.

Since there is much interest in the physics of rare-earth hydrides after discovery of

the ”switchable mirror” behaviour of Yttrium hydrides by Griessen’s group in 1996 [1],

we have undertaken structural study of these hydrides under high pressure using

Energy Dispersive X-ray Diffraction (EDXRD) mode in Diamond Anvil Cell (DAC). We

have focused on the several rare-earth trihydrides (REH3, RE = Sm, Gd, Ho, Er, Lu)

[2,3] and YH3 [4]. The hcp to fcc structural transformation have been observed for

the all trihydrides investigated and the lattice parameters and parameters of equation 

Figure 1. The EDXRD patterns
(a) and the pressure-volume
relation (b) of HoH3 are the
typical examples for YH3 and
REH3 family.

of state (EOS) for both phases of each trihydride have been evaluated. Systematic

classification of the phase transition has been established. 

[1] J.N. Huiberts, R.Griessen, H.H. Rector, R.J. Vijngaarden, J.P. Decker, D.G. de

Groot, N.J. Koeman, Nature, 1996, 380, 231 

[2] T. Palasyuk. M. Tkacz, Solid State Comm. 2004,130, 219-221 

[3] T. Palasyuk. M. Tkacz, Ibid. (in press, on-line available)

[4] T. Palasyuk. M. Tkacz, Ibid. (in press, on-line available) 
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Electronic properties of Jahn-Teller and photoluminescence systems
under pressure.

F. Rodríguez

DCITIMAC, Facultad de Ciencias, University of Cantabria, 39005, Santander, Spain

Photoluminescence (PL) properties of materials containing transition-metal (TM) ions

depend on a variety of structural factors such as electronic structure, site symmetry and

neighbouring atoms. These factors play a crucial role for the occurrence PL i.e. the PL

quantum yield. This work investigates different mechanisms leading to non-radiative de-

excitation processes and whether they can be modified by applying high pressure. In

particular, the interest is focussed on non-radiative-multiphonon relaxation in TM

impurities and PL quenching in concentrated materials, where exciton migration and

subsequent transfer to non-PL centres take place. The former process is analysed in

terms of the Dexter–Klick–Russell parameter Λ, defined as Λ = ∆Es / E (∆Es and E are

the Stokes shift and the PL-excited state energy, respectively), whose value scales with

the quantum efficiency. Depending on the material, the PL onset is favoured for Λ < 0.1 –

0.3 [2,3]. The variation of E and ∆Es with pressure for the Jahn-Teller Mn3+ [4] as well as

Mn2+ and Cr3+ [5,6] in different coordination geometries will be presented and analysed.

The PL mechanism is quite different in concentrated materials such as MnF2 (rutile-type

structure) whose PL occurs in Mn2+-perturbed traps after excitation migration. This work

shows how pressure can either reduce the energy-transfer probability by structural

modifications of the Mn-F-Mn exchange path or induce structural phase transitions

providing more efficient PL sites. Interestingly, the present findings open new ways of

achieving PL based on concentrated materials, particularly, in those cases where phase

transformations show large hysteresis.

[1] D L Dexter, C C Klick and G A Russell, Phys. Rev. 100 603 (1955)

[2] Bartram R H and Stoneham Solid State Commun. 17 1593 (1975)

[3] M.C. Marco de Lucas et al., J. Phys.: Condens. Matter 8 2457 (1996)

[4] F. Aguado, et al., Phys. Rev. B 67, 205101 (2003)

[5] I. Hernández and F. Rodríguez, Phys. Rev. B 67, 012101 (2003)

[6] F. Rodríguez, et al. J. Chem. Phys 119, 8686 (2003)
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Tailoring of photoluminescence of Czochralski silicon by high
temperature - pressure treatment

*A. Misiuk,**K.S. Zhuravlev, *Z. Wiśniewski, ***T.M. Burbaev, ***V.A. Kurbatov, *M.

Prujszczyk
*Institute of Electron Technology, Al. Lotników 46, 02-668 Warsaw, Poland

prujsz@ite.waw.pl

**Institute of Semiconductor Physics, RAS, Novosibirsk, Russia
***Physical Institute, RAS, Moscow, Russia

Dislocation related photoluminescence (PL) from silicon is promising for applications

in Si based optoelectronics [1,2]. Dislocations are usually produced in Si (e. g. in

oxygen containing Czochralski grown Cz-Si) by bending; the D1 dislocation-related

line at 0.81 eV is typically of the highest intensity. Another way for producing

dislocations is annealing of Cz-Si, especially under enhanced hydrostatic pressure

(HT-HP treatment) [3]. The aim of present work is to explore potentials of the HT-HP

treatment for tailoring of PL from Cz-Si. 

Cz-Si with oxygen concentration of about 1.1x1018 cm-3 was subjected to annealing

at 1000 K under 105 Pa for 20 h (to produce oxygen clusters), and next to the HT-HP

treatment at 1170 - 1620 K under HP up to above 1 GPa, for up to 5 h. PL (excited

by Ar laser, λ = 488 nm, T=7 K) of the HT – HP treated Cz-Si is strongly dependent

on the treatment parameters. The D1 line is of the highest intensity for Cz-Si treated

for 5 h at 1170 - 1230 K under 105 Pa - 0.01 GPa; similar treatment results also in

appearance of PL at 0.84 eV (the D5 line). The treatments at 1230 K under 1 GPa or

at 1400 K under 0.01 GPa result in strong PL peaking at 0.87 eV (the D2 line). 

It means that the appropriate HT-HP treatment makes it possible to tailor PL from Cz-

Si. This effect results from the treatment-induced creation of oxygen-containing

precipitates affecting in turn production of dislocations and of other defects in Cz-Si.

1. E. A. Steinman, V. V. Kveder, V. I. Vdovin, H. G. Grimmeiss Solid State Phen.

1999, 69-70, 23-32.

2. V. Kveder, M. Badylevich, E. Steinman, A. Izotov, M. Seibt, W. Schroter Appl.

Phys. Lett 2004, 84, 2106-2108.

3. A. Misiuk, B. Surma, J. Bąk-Misiuk Eur. Phys. J. Appl. Phys. 2004, 27, 301-303.
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Heterojunctions in the GaAs/GaInP system have attracted recent attention because 

of their device applications but discrepancies exist between measurements such as 

band offsets even for similar growth conditions. Theoretical calculations show the 

band alignment to be dependent on CuPt-type ordering [1]. We report 11 K photo-

luminescence (PL) measurements of metalorganic vapor phase epitaxy grown 

GaAs/GaInP quantum wells at pressures up to ~5 GPa. Insertion of thin layers 

between the two material interfaces promotes a type-I band alignment [2]. In the 

absence of two thin GaP intermediate layers between the GaAs and partially ordered 

GaInP we observe no quantum well emission but an intense peak at ~1.46 eV. Its 

strong blueshift with increasing excitation intensity results in its becoming masked by 

GaAs related peaks. Selecting a photon energy that does not excite the GaInP layer 

weakens this emission peak. The use of low temperature allows us to study the 

nature of this emission at very low excitation powers to pressures well above the -X

crossover in GaInP. We see a sublinear shift with pressure towards higher energy 

close in behavior to that of the partially ordered GaInP layer and a consistent -X 

crossover and associated drop in intensity. Our results clearly show that the true 

nature of this emission and the interface properties are only revealed at low excitation 

powers and arise from the GaInP layer, and strongly suggest that the 1.46 eV peak is 

a spatially indirect transition, GaInP( C)-GaAs( V), of electrons and holes separated 

at the interface in a type-II band alignment. 

[1] Y. Zhang, A. Mascarenhas, L.-W. Wang, Appl. Phys. Lett. 2002, 80, 3111-3113.   

[2] P.Y. Yu, G. Martinez, J. Zeman, K. Uchida, in Spontaneous ordering in Semi-

conductor Alloys, (Kluwer Academic, New York, 2002), Ch. 12. 
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Pressure-induced photoluminescence in MnF2 at Room Temperature. 

I. Hernándeza, F. Rodrígueza, H. D. Hohcheimerb 
a DCITIMAC, Facultad de Ciencias, University of Cantabria, 39005, Santander, Spain 

b Department. of Physics, Colorado State University, Fort Collins, CO 80523, USA 

 

Photoluminescence (PL) and non-radiative processes yielding PL quenching in Mn2+-

doped fluorite crystals (Ca1-xSrxF2) mainly depend on the host site volume. The smaller 

the volume, the higher the PL efficiency [1]. Following this idea, we induced PL at room 

temperature (RT) in the non-PL Mn2+-doped SrF2 and BaF2 by applying pressure [2]. 

On the other hand, the PL mechanism is quite different in concentrated materials such as 

MnF2 (rutile-type structure) whose PL takes place in Mn2+-perturbed traps after excitation 

migration. In this system, however, PL occurs only at low temperatures given that is 

quenched for T > 100 K [3]. In this work we demonstrate that non-PL MnF2 can be 

transformed to PL MnF2 by pressure. The pressure-induced PL correlates with the 

corresponding structural change sequence from rutile to cotunnite undergone by MnF2 

with pressure [4]. The PL appears for P > 14 GPa. The spectrum consists of two 

emission bands peaking at 2.34 and 1.87 eV which 

are likely associated with intrinsic Mn2+ and Mn2+ 

perturbed traps, respectively. Thus, pressure reveals 

as an efficient tool to reduce the excitation migration 

thus increasing the PL efficiency of the material. 

Interestingly, the present findings open new ways of 

achieving PL based on concentrated materials, 

particularly, in those cases where phase transformations show large hysteresis. We 

compare the present results with findings in MnF2 nanoparticles as a function of 

temperature and pressure. Preliminary results show that particle-size reduction induces 

structural transformation towards high-pressure phases. 

[1] F. Rodríguez, et al. J. Chem. Phys 119, 8686 (2003) 

[2] I. Hernández and F. Rodríguez, Phys. Rev. B 67, 012101 (2003) 

[3] W.W. Holloway, et al., Phys. Rev. Lett. 11, 82 (1963) 

[4] E. Yu. Tonkov, High Pressure Phase Transformations: A Handbook (Gordon&Breach, 

Amsterdam, 1992) 
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The lead chalcogenides PbX (X=Te, Se, S) are narrow-gap semiconductors (group 

IV-VI), which crystallise at ambient conditions in the cubic NaCl (B1) structure. It has 

been known for 20 years that they transform at 6, 4.5 and 2.2 GPa, respectively, to 

an intermediate phase, and at higher pressures (between 13 and 22 GPa) to the 8-

fold coordinated CsCl (B2) structure. The intermediate phase has been referred to as 

being of the "GeS" type (B16, space group Pbnm) rather than of the "TlI" type as 

suggested for PbS and PbSe (B33, space group Cmcm), but there is evidence that 

this is incorrect [1,2]. This is also in contrast to computational results which affirm that 

all three systems PbTe, PbS and PbSe indeed adopt the TlI structure [3].  

In this presentation, we report recent X-ray powder diffraction obtained at synchrotron 

sources on PbX compounds under pressure, that allowed us to solve the structure of 

the intermediate phase of PbTe, from simulated annealing techniques and Rietveld 

refinement : the phase transition at 6 GPa is not to the GeS (B16) or TlI (B33) type 

structures as previously reported, but to an orthorhombic Pnma structure, with cell 

parameters a=8.157(1), b=4.492(1),  c=6.294(1) Ǻ at 6.7 GPa. This structure 

corresponds to a distortion of the low pressure NaCl structure with a coordination 

intermediate between the six-fold B1 and the eightfold B2 structure. These new 

results may modify the admitted paths of phase transitions between the B1 (NaCl) 

and B2 (CsCl) structures. We will also reconsider the intermediate high pressure 

phases of PbS and PbSe.  

 

[1] Y. Fujii, K. Kitamura, A. Onodera,Y. Yamada, Solid State Comm. 1984, 49, 135  

[2] T. Chattopadhyay, J. Pannetier, H. G. von Schnering, J. Phys. Chem. Solids 

1986, 47, 879 

[3] R. Ahuja, Phys. Stat. Sol. B 2003, 2, 341 
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At ambient pressure β-Na0.33V2O5 shows a quasi-one-dimensional metallic character 

at room temperature, which can be explained by its highly anisotropic crystal 

structure consisting of chains and ladders of VO6 octahedra and chains of VO5 

square pyramids. Upon cooling it undergoes a metal-insulator transition at 135 K due 

to charge ordering on the V sites. The pressure-temperature phase diagram of β-

Na0.33V2O5 is remarkable, since it shows a superconducting phase for pressures 

higher than 7 GPa in direct vicinity to the charge-ordered phase [1]. The mechanism 

of the observed superconductivity and its relation to the charge ordering due to 

electronic correlations is not clear. Furthermore, electron-phonon interaction seems 

to play a role as well, influencing the conduction mechanism.  

We carried out polarization-dependent reflectivity measurements in the midinfrared 

frequency range on β-Na0.33V2O5 at room temperature as a function of pressure (<20 

GPa). The results are discussed in terms of the conduction mechanism, pressure-

induced structural changes, and charge ordering/redistribution. 

 
[1] T. Yamauchi, Y. Ueda, and N. Mori (2002) Phys. Rev. Lett., 89, 057002. 
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In recent years, there has been considerable research interest in the ruthenate
perovskites, due to the observation of a variety of interesting physical properties,
including superconductivity in Sr2RuO4. The simple strontium ruthenate perovskite,
SrRuO3, which has an orthorhombic Pbnm perovskite structure has been of particular
interest as it represents a rare example of a ferromagnetic 4d-transition metal oxide,
and exhibits a conducting behaviour best described as a “bad metal” [1].

We have prepared a series of strontium ruthenates in which the 4d ruthenium is
successively replaced by 3d chromium. SrCrO3 itself is a Pauli paramagnetic metallic
conductor [2], and can only be prepared under high pressure conditions (60-65 kbar).
We have used a range of high pressure synthetic techniques to obtain increased
substitution of Cr4+ for Ru4+ in these SrCrxRu1-xO3 materials, and have studied the
crystal structure, magnetic and transport properties. Samples at x ≤ 0.2 were
synthesised in Edinburgh at 1100°C under ambient pressure conditions; samples
with 0.2 < x ≤ 0.6 were synthesised in Madrid at 1000°C under 35kbar pressures;
samples with x > 0.6 were synthesised in Munich at 1100°C and a pressure of
105kbar.

Two distinct structural phase transitions are observed with increased Cr-doping –
from orthorhombic Pbnm to rhombohedral R-3c, accompanied by a phase
coexistence, at x = 0.15, and from rhombohedral to cubic Pm-3m above x = 0.5.
Susceptibility measurements show the presence of an additional magnetic transition,
above the Curie transition of SrRuO3, at small levels of Cr-doping. At higher doping
levels (x ≥ 0.5), a single transition is again observed, but with a higher transition
temperature than in SrRuO3. Resistivity measurements show “bad metal” behaviour,
with transitions to insulating states at low temperatures and medium x values.

[1] L. Klein, J. S. Dodge, C. H. Ahn, G. J. Snyder, T. H. Geballe, M. R. Beasley
and A. Kapitulnik, Phys. Rev. Lett. 1996, 77, 2774.

[2] B. L. Chamberland, Solid State Commun. 1967, 5, 663.
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Structural Studies on Dy to 119 GPa
and Applications to Lanthanide

Systematics

Reed Patterson & Jagannadham Akella
Lawrence Livermore National Laboratory

The Lanthanides, or Rare Earth Elements (REE), are known to undergo
crystallographic as well as electronic structure changes with applied pressure.
The trivalent REE have been shown to exhibit a sequence of structural phase
transitions with increasing pressure (or decreasing atomic number): hcp →
Sm-type → dhcp → fcc → dfcc. We have performed in situ x-ray diffraction
studies on Dy to 119 GPa in a diamond anvil cell. Dy is shown to undergo
the typical REE structural sequence, although a pristine fcc phase is not
observed. This result is consistent with the observed narrowing of the fcc
stability region for the heavy REE. In addition, at 73 GPa, Dy transforms
from dfcc to a monoclinic structure in conjunction with a 6% reduction in
volume. The observed volume change is similar to that observed in Ce, Pr,
and Gd, and is attributed to delocalization of the 4-f electrons. Preliminary
results on Tm indicate similar behavior, and will be discussed as available.

This work was performed under the auspices of the U.S. Department of En-
ergy by University of California, Lawrence Livermore National Laboratory
under Contract W-7405-Eng-48.
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Pressure and temperature dependence of the structure of liquid silver halides AgX 

(X=Cl, Br, I) is investigated by a synchro tron x-ray diffraction up to 20 GPa by using 

SPEED1500 and MAX80 high-pressure apparatuses. The structure factor, S(Q), and 

the pair distribution function, g(r), of liquid AgI change drastically around 3 GPa and 

11 GPa. At both pressures, the structural parameters, such as ratios in the position of 

the second peak to the first peak in S(Q)  and g(r) abruptly change, as well as the 

significant increase in the coordination number. These show the existence of three 

stable liquid forms up to 20 GPa. The respective pressures where the drastic 

changes occur are almost the same as the transition pressures in the crystalline 

counterpart. The pressure-induced structural changes of AgX (X=Cl, Br, I) are 

compared and the pressure and temperature dependence of the structure of liquid 

silver halides are discussed. 

The first-order phase transition-like phenomena in liquid silver halides are similar to 

those observed in liquid CdTe [1], while those are completely different from those in 

less ionic liquids, such as liquid Si[2], Ge[3], Sn[4], GaSb[5], InSb[6] and InAs [7]. 

The origin of the difference is discussed in the relation to the ionicity in the chemical 

bonds. 

 

References: 

[1] T. Kinoshita, T. Hattori, T. Narushima, K. Tsuji (submitted). 

[2] N. Funamori, K. Tsuji, Phys. Rev. Lett. 2002, 24, 255508  

[3] T. Mori, T. Hattori, K. Tsuji (in preparation) 

[4] T. Narushima, T. Hattori, T. Kinoshita, K. Tsuji (in preparation) 

[5] T. Hattori, N. Taga, Y. Takasugi, T. Mori, K. Tsuji, Phys. Rev. B, 2003, 68, 224106. 

[6] T. Hattori, T. Kinoshita, N. Taga, Y. Takasugi. T. Mori, K. Tsuji, (submitted) 

[7] T. Hattori, T. Kinoshita, T. Narushima,  K. Tsuji, J. Phys: Condens. Matter, 2004, 

16, S997-S1006. 
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         Nickel aluminide intermetallic compounds, mainly NiAl and Ni3Al, have

been considered as promising high-temperature structural materials because

of their high melting points, low densities and a good oxidation resistance. Ni-

Al intermetallics are potential candidates as heat shields in chambers and gas

turbines. Those materials suffer from brittleness. The Thermodynamic

properties with advance first-principles approach where predicting the

structural and physicals properties of the materials.

       This study presents the room temperature crystallographic, metallurgical,
and electronic properties of the Ni3Al and NiAl compound, as a function of

pressure. Both X-Ray diffraction (XRD) measurements and full potential

linearized augmented plane wave (LAPW) calculations were applied. No

phase transition was observed in the XRD measurements up to a pressure of

~30 GPa. Holzapfel equation was used to fit the volume-pressure curve to the

equation-of-state, Fig. 1. The bulk modulus (B0) at ambient pressure was

calculated from the X-Ray data, sound-velocity and density measurements,

and from the LAPW calculations. 

Figure 1. The volume-pressure curve of Ni3Al fitted with The Holzapfel Eq.

                                                
∗  email: ihalevy@bgu.ac.il 
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A failure wave phenomenon in brittle materials

G.I. Kanel, S.V. Razorenov V. E. FORTOV

Institute for High Energy Densities of Russian Academy of Sciences

IVTAN, Izhorskaya 13/19, Moscow, 125412 Russia

The impact loading of a glass and, probably, other brittle materials can be

accompanied by an appearance of a failure wave. The failure wave is a network of

cracks that are nucleated on the surface and propagate into the stressed body. It

presents a mode of catastrophic fracture under high pressure that is not limited to

impact events. One hopes that the investigation of failure wave in shock-compressed

glasses will provide information about the mechanisms and general rules of

nucleation, growth and interactions of multiple cracks. In the presentation, results of

investigations of the phenomenon in different brittle materials are summarized and

discussed. The failure waves were recorded in silicate glasses of different hardness,

but were not recorded in hard single crystals and ceramics. A decrease of deviator

stresses and vanishing of the tensile strength occur behind the failure wave front. It

has been shown that the failure wave is really a wave process with a small stress

increment, although its kinematics differs from that of elastic-plastic waves. The

propagation velocity of the failure wave is less than the sound speed, it is not directly

related to the compressibility but is determined by the crack growth speed. The

propagation speed of the failure wave slightly depends on the stress above the

failure threshold, and does not depend on the propagation distance. The glass

surface plays an important role in the failure wave process because the surface is a

source of cracks. Transformation of elastic compression wave followed by the failure

wave in a thick glass plate into typical two-wave configuration in a pile of thin glass

plates confirms the role of surfaces that distinguish the failure wave process and

time-dependent inelastic compressive behavior of brittle materials. At peak stresses

above the Hugoniot elastic limit, the failure wave process may occur at gradual

compression as the stress grows above the failure threshold up to the stress at which

plastic deformation begins.
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The chalcogenide spinel,CuIr2S4, under high pressure 

Alka.B.Garg 1, V.Vijayakumar1, B.K.Godwal1, Hans. D. Hocheimer 2 

1High Pressure Physics Division, Bhabha Atomic Research Center, Mumbai 400085,
India. 2 Physics Department of Physics Colorado State University Fort Collins, CO
80523, USA. Email:-vvijay@apsara.barc.ernet.in

Rare earth materials that exhibit mixed valence (MV) and display  variety of
phenomena due to the strongly correlated electrons are a widely investigated class of
materials. Some transition metal chalcogenides exhibit MV and exhibit variety of phenomena
like crystal structure transitions, insulator metal transitions (I-M), magnetic super conducting
ordering etc. Among these compounds, recently, CuT2X4 (T=Rh/Ir, S/Se) are being
investigated widely because of interplay of superconductivity T ionic state and an unusual
low temperature insulating phase stabilized by doping, pressure, or low temperature.The
thiospinel compound CuIr2S4  is metallic at room temperature and exhibits metal insulator
transition with a transition temperature Tc=230K[1 ]. This is contrary to the normal trend of a
low temperature metallic phase transforming to a high temperature insulating phase. Low
temperature x-ray diffraction measurements shows that the metal insulator transition is
accompanied by structural transition from the cubic to a monoclinic  phase with a 0.7%
reduction in volume[2]. Magnetic susceptibility measurements up to 1.0 GPa show that
transition temperature increase with increasing pressure and the insulating phase do not
have any localized spins[2]. In the cubic structure Cu atoms are tetrahedrally coordinated
and Ir atoms are octahedrally coordinated with the S atom. In the ionic model evoked to
explain the unusual behavior, a MV configuration for Ir (Cu+1Ir+3Ir+4S-2

4) is evoked. Thus
insulating phase at low temperature can result from the charge ordering of two anions Ir+3

and Ir+4 along with Ir+4 polymerization [3].    The polymerization of Ir+4 (spin =1/2) to a  state
S=0 state is needed to account for the magnetic data. CuIr2S4 is the only example of a three
dimensional structure with charge ordering and spin dimerization.[ 4]  We have carried out
the electrical resistance (R) measurements of CuIr2S4 up to 32 GPa at ambient temperature.
The resistance  increases gradually and reaches a value that is forty times the initial value
around 15 GPa. Beyond 15 GPa the resistance decreases   up to 32 GPa, with a change of
slope near 25 GPa.. By 35 GPa, resistance recovers to that at the ambient condition. As
there is no discontinuous change in R, there may not be any structural transition in this
material. However, the reentrant metallic nature it exhibits under pressure is rare.It may be
noted that the volume reduction under pressure may be brought about by the cubic to triclinic
or a  Ir+3 to Ir+4  conversion, in addition to the normal compression. Thus details of bond
variation and equation of state behavior are important to understand the phenomena and are
also useful inputs for any refinement of the model for I-M transition.   Thus, in order to identify
the structural basis of this behavior, x-ray powder diffraction measurements on CuIr2S4 under
various pressures were also carried out.  These results will also be presented.

1.    S. Nagata, T. Hagino. Y. Seki and T. Bitoh, Physica B 194-196, 1077 (1994)
2. T. Furubayashi, T. Matsumoto, T. Hagino, S. Nagata, Journal of the Society of

Japan, 63 (1994) 3333
3. P. G. Radaelli, Y. Horibe, M. J. Gutmann, H. Ishibashi, C. H. Chen, R. M.

Ibberson, Y. Koyama, Yen-San Hor, V. Kiryukhin and S. W. Cheong, Nature, 416
(2002) 155

4. P. G. Radaelli et al, Charge ordering and lattice spin dimerization,
http://www/eps.org/meet/mar02/baps/tocU.html
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X-ray diffraction and Raman of GaP

using a laser heated diamond anvil cell

Hyunchae Cynn, W. Evans, M. Lipp, A. Lazicki, and C.S. Yoo

University of California, Livermore, CA 94550, USA, cynn1@llnl.gov

Understanding of the crystal

structure systematic among III-V and II-VI

semiconductors is of fundamental to

semiconductor physics and has been well

established using synchrotron x-ray

diffraction at high pressures.[1] A recent

phonon calculation suggests that the

instability of the b-Sn structure, which was

absent from the ionic compounds at high

pressures stems from a soft phonon.[2]

EXAFS data provided a value for the bulk

modulus of GaP-I and the pressure-

quenched sample was claimed as

amorphous.[3] However, there was no

EOS information for GaP-II, which is now

firmly known as an orthorhombic metallic

high pressure phase of GaP. The

transition pressure of GaP-II also appears

in conflict.

We measured x-ray diffraction of

GaP at high pressures and high

temperatures to better understand physics

of III-V semiconductors, to determine first

isothermal EOS of GaP-I and –II, and to

examine further phase transitions.

The claim that GaP did not revert to

the starting low-pressure phase after

compression to 35 GPa may suggest

intermediate phases. However, our Raman

data shows that pressure quenched GaP

appears to be highly strained GaP-I. X-ray

diffraction also shows very broad peaks

resembling GaP-I structure. At 23 GPa, we

noticed a new peak starts showing and at

24 GPa, both I and II were identified in x-

ray diffraction at ambient temperature.

Finally at 34 GPa, GaP-II was the only

phase recognized. When we laser heated

GaP at 17 GPa to ~1800 K, we noticed a

new phase mixed with GaP-I and the new

phase was quenched to ambient

temperature. When compressed to 22

GPa, the new high temperature phase

disappeared. X-ray diffraction during laser

heating at 22 GPa shows the same new

phase with stronger intensity suggesting

that the new phase is stable at high

temperature. The new phase appears to be

related to b-Sn structure.

[1] Nelmes, R.J. et al., PRL, 1997, 79, 3668

[2] Ozolinx, V. and Zunger, A., 1999, PRL,
82, 767.

[3] Itie, J.P. et al., PRB, 1989, 40, 9709.

This work has been supported by the
Univ. of Cal. under the auspices of the
U.S.- DOE under contract number W-7405-
ENG-48.
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Solvothermal reactions:
new trends in Materials Sciences.

Gérard DEMAZEAU*, Graziella GOGLIO, Alain LARGETEAU

Institut de Chimie de la Matière Condensée de Bordeaux (ICMCB-UPR.CNRS 9048)

87, Avenue du Docteur Albert Schweitzer, 33608 Pessac cedex, France.

Ecole Nationale Supérieure de Chimie et de Physique de Bordeaux (ENSCPB)

16 Avenue Pey Berland, 33607 Pessac cedex, France.

Université BORDEAUX 1 « Sciences and Technologies »

351 Cours de la Libération, 33405 Talence Cedex, France.
*Contact : Gérard DEMAZEAU – demazeau@icmcb-bordeaux.cnrs.fr

Solvothermal reaction can be described as a chemical reaction involving a solvent

either in subcritical or supercritical conditions. Such a solvent can act as a chemical

component or a fluid phase able through physico-chemical properties to modify the

synthesis reaction.

During these last twenty years, solvothermal reactions have been used for

developing different areas involving basis or applied researches. Several aspects will

be presented 

– in Materials Chemistry: (i) the synthesis of novel materials, (ii) the development of

nanochemistry, 

– in Materials Science: (i) new crystal growth processes, (ii) thin film deposition,

(iii) sintering at low temperature.

In all these domains two main factors seems predominant: the improvement of the

kinetics, (ii) the reduction of the required temperature compared to conventional

processes.
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Fluidised bed in supercritical phase

V. Tanneur1*; C. Joussot-Dubien1 ; B. Fournel1 ; G. M. Rios2

1 Commisariat à l’Energie Atomique, DTCD/SPDE/LFSM, BP 111, 26702 Pierrelatte
France, valerie.tanneur@cea.fr

2 Institut Européen des Membranes, Montpellier France

In atmospheric conditions, fluidized beds are seldom used with particles belonging to

the Geldart’s classification C group. As a matter of fact, the expansion is not

homogeneous if the particle size is below 20 µm, aggregates occur. However

coupling with the supercritical carbon dioxide (SC CO2), the particle fluidization

seems to be favoured since, varying the CO2 pressure and temperature, the medium

density can be increased and the viscosity is still low.

First fluidization experiments were carried out with glass beads in order to verify

whether standard relations can be applied in the supercritical domain. The high

pressure fluidized bed (280 bar; 100 °C) with an inner diameter of 30 mm and a

height column of 370 mm can be operated with a maximum CO2 flow of 30 kg.h-1 .The

pressure drop, that is measured by a 0-373 mbar pressure differential, in the fixed

bed was compared with the Ergun equation whereas for the fluid velocity at the

incipient fluidization, various equations, which take into account under pressure

experiments, were studied. In SC CO2, 150 µm glass beads behave like A group

particles. At 80 bar and 40 °C, the minimum fluidization velocity is in good agreement

with the Wen and Yu correlation with a mean gap of five per cent.

For smaller particles, new experiments are under process before proposing a general

correlation. A hydrodynamic study of glass beads fluidization in supercritical

conditions will be investigated thanks to the visualization of the fluidized bed through

a specific quartz system.
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The Development of Novel Methodology for Observing 

Discontinuous Behavior of Density of Compressed Gases

by Light Scattering

Tetsuo Aida, Shinya Fujiwara, and Toyokazu Shinkai 

Department of Biological & Environmental Chemistry

School of Humanity-oriented Science & Engineering, Kinki University

JAPAN

ABSTRACTS

A novel methodology for determining the discontinuous behavior of density

of compressed gases has been developed based on light scattering method.

This method is capable to quantitatively evaluate the degree of heterogeneity of

the density of compressed gasses, carbon dioxide, ethane, ethylene or even 

their mixed gases, on its pulse pattern of UV or visible light scattering. A typical 

spectrum of carbon dioxide near the critical temperature (at 32.5oC) as a

function of pressure is demonstrated below.

CO2-pressure (MPa)

7.01 7.80  7.46

The maximum width of the pulse was observed at 7.36MPa, indicating its

maximum heterogeneity.  Also, a maximum of molar polarization has been

observed at the same conditions  using our different dielectric property 

measurement for determining molecular association, which detailed

experimental data will present in the poster session at this conference. 

In this paper, we will present detailed information of our new 

instrumentation with experimental data, and discuss potential research projects.
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Controlling the selectivity of separation processes by pressure 
 

Jan Jansen, Bernd Niemeyer, Helmut-Schmidt-University/University of the Federal 

Armed Forces Hamburg, Hamburg/Germany; GKSS National Research Centre, 

Geesthacht/Germany, jan.jansen@hsu-hh.de, bernd.niemeyer@hsu-hh.de 

 

In order to utilize high hydrostatic pressure for selective separation processes, an 

automated high-pressure plant for a continuous flow through a fixed bed was 

designed and constructed. The plant is computer controlled and can be operated at 

pressures of up to 360 MPa.  

The pressure influence on the adsorption and desorption behaviour of the surfactant 

Triton X-100 and tailor-made adsorbents [1] by means of isotherms and breakthrough 

curves, Fig. 1., were investigated. 

 

 

 

 

 

 

 
 

Fig. 1: Pressure-dependence of adsorption (breakthrough curves) and desorption of Triton X-100; 

adsorption at pressures indicated; desorption at 0.8 MPa 

 

It was found that the adsorption equilibrium can be controlled by pressure. The 

utilized adsorbent was proofed not to adsorb any Triton X-100 at atmospheric 

pressure, which was used as a model substance for amphiphilic molecules such as 

glycolipides for pharmaceutical as well as process engineering use. A significant 

amount of Triton X-100 was adsorbed under pressure, the adsorption capacity 

increased with the pressure. After adsorption (breakthrough) and washing the fixed 

bed at 300 MPa, only by reducing the pressure to 0.8 MPa 75% of the initial 

concentration of Triton X-100 could be regained.  

 

[1] H. Rosenfeld et al., J. Chromatogr. A, 2005, released for publication 
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The Use of Catalysts in Near-Critical Water Processing

Douglas C. Elliott, Pacific Northwest National Laboratory, 

Richland, Washington/USA, dougc.elliott@pnl.gov

The use of heterogeneous catalysts in near-critical water processing provides many

challenges of material stability in addition to the normal questions of chemical activity.

Conventional catalyst materials developed in traditional organic chemistry or

petroleum chemistry applications provide a source of information of materials with the

required activities but often without the required stability when used in hot liquid

water.  The importance of the use of catalysts in near-critical water processing plays

a particularly crucial role for the development of renewable fuels and chemicals

based on biomass feedstocks.  Stability issues include both those related to the

catalytic metal and also to the catalyst support material [1].  In fact, the stability of the

support is the most likely concern when using conventional catalyst formulations in

near-critical water processing.  Processing test results will be used to show important

design parameters for catalyst formulations for use in wet biomass gasification in

high-pressure water and in catalytic hydrogenations in water for production of value-

added chemical products from biomass in the biorefinery concept.  Analytical

methods including powder x-ray diffraction for crystallite size and composition

determination, surface area and porosity measurements, and elemental analysis

have all been used to quantify differences in catalyst materials before and after use.

By these methods both the chemical and physical stability of heterogeneous catalysts

can be verified.

1. D. C. Elliott, L. J. Sealock, Jr., E. G. Baker. Ind. & Eng. Chem. Res. 1993, Vol. 32,

no. 8, pp. 1542-1548.
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Biomass gasification in supercritical water: Key compounds as a
tool to understand the influence of biomass components.

A. Kruse 

Institute für Technische Chemie CPV

Forschungszentrum Karlsruhe

P.O.B. 3640 , 76021Karlsruhe, Germany

Energy produced from biomass may contribute in a considerable amount to the

growing future energy demand. A large portion of biomass wastes is wet biomass

containing up to 95 % water. This wet biomass causes high drying costs if classical

gas phase gasification processes are applied. This can be avoided by conducting the

gasification in supercritical water at pressures up to 30 MPa and temperatures

around 600 °C, where hydrogen and carbon dioxide are the main products. 

In order to optimize the gasification process in supercritical water an improved

knowledge of the chemical reaction pathways is necessary. Therefore, experimental

studies, in some cases combined with thermodynamic calculations or kinetic

modeling, on model compounds such as glucose, glycerin, pyrocatechol, and

methane as well as with biomass were conducted. From the model compounds,

general characteristics of reactions steps could be derived, such as the dependence

on temperature, pressure, residence time, heating rates, concentration etc. Selected

“key compounds”, like phenols, furfurals and organic acids were identified and

quantified, which are formed by different and characteristic reaction pathways. They

can e. g. be used to compare results from studies with model compounds to those

achieved by biomass conversion.

The different ingredients of biomass, like alkali salts or proteins influence the reaction

significantly. The role of alkali salts is of special interest. In spite of the relatively high

temperature the hydrothermal gasification is highly determined by chemical kinetics

and the addition of alkali salts increases the hydrogen yield drastically. 

From all these results a simplified reaction mechanism could be set up. The

fundamental studies open the opportunity to identify some measures to be taken in

order to increase of desired and to decrease unwanted products. These measures

lead to an improved reaction engineering optimized towards a maximum hydrogen

yield that will be presented, too. 
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Hydrogen and Methane Production from Biomass in Supercritical 
Water 

 

Nikolaos Boukis, Ulrich Galla, Pedro D´Jesus and Eckhard Dinjus, 

Forschungszentrum Karlsruhe, P.O. Box 3640, D-76021 Karlsruhe, Germany  

email: nikolaos.boukis@itc-cpv.fzk.de  

 

At supercritical water conditions (T>374 °C, p>22.1 MPa) biomass reacts with water 

to form a combustible gas rich in hydrogen and methane. The CO2 formed can be 

separated from the product gas by a water wash column. Reactions are fast and 

almost complete gasification with high space-time yields can be achieved. Usage of 

heat exchangers is possible at supercritical water conditions. Compression work is 

low since only almost non compressible water slurry is pressurised. This leads to a 

highly efficient process also for educts with high water content [1].  

Systematic experiments with corn silage in laboratory scale equipment show the 

dependence of the gasification yield from the temperature. Complete gasification is 

achieved at 700 °C, in residence times up to few minutes. Experiments in the new 

100 kg/h continuous flow plant dedicated for the process of biomass gasification in 

supercritical water (acronym VERENA) show high thermal efficiency (~ 80%) for 

diluted educt streams (~ 10 wt% OM). 

Conclusion: The comparison to the traditional gasification process shows several 

advantages for the hydrothermal gasification especially for wet biomass/organic 

waste feedstock. A gas rich in H2 and methane (sum of both up to 80 vol %) can be 

produced in one process step, a high thermal efficiency of the heat exchanger (80 %) 

has been demonstrated and the soot and tar formation can be suppressed to less 

than 10% of the organic carbon.  

The newest results from the experiments with corn silage planned to be performed in 

the pilot plant within the next weeks will also be presented. 

 

References: [1] N. Boukis, U. Galla, V. Diem, P. D´Jesus and E. Dinjus. Chemical 

Engineering Transactions, 2004. Vol. 4, 131-136 
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Efficient production of synthetic natural gas from biomass by 
hydrothermal gasification 

 

Frédéric Vogel*, Maurice H. Waldner, Paul Scherrer Institut, Villigen PSI, 

Switzerland, frederic.vogel@psi.ch 

Objectives 

This project aims at developing an efficient process capable of producing synthetic 

natural gas (SNG) from wet biomass waste streams by catalytic hydrothermal 

gasification. Biogenic SNG is a versatile “second generation” biofuel that can be used 

for electricity production, heating purposes as well as a clean fuel in natural gas 

vehicles. Several aspects important for the design of a miniplant, including feed 

preparation, biomass liquefaction, gas separation, and the influence of salts, will be 

discussed. 

New Results 

In an earlier publication [1] we reported the complete and tar-free gasification of wood 

slurries up to 30 wt% dry matter in a batch reactor using Raney® 2800 nickel as 

catalyst. New results from a continuous catalyst test rig using a concentrated wood 

model mixture revealed rapid deactivation of the Raney® 2800 nickel catalyst. 

Doping with small amounts of a noble metal improved the catalyst stability 

significantly. Several analytical methods (BET, XRD and TPO) were used to 

characterize the catalysts before and after use. Manure solids were also gasified in 

the batch reactor. The methane yield was lower than with wood due to the presence 

of salts. 

Conclusions 

A pronounced effect of different salts on the efficiency of the hydrothermal 

gasification was observed. More information on the interaction of specific salts with 

the catalyst are needed. 

 

[1] F. Vogel, M. H. Waldner, Catalytic hydrothermal gasification of woody biomass at 

high feed concentrations, Proceedings of the 6th International Conference 

Science in thermal and chemical biomass conversion, Victoria, Canada, August 

30-September 2, 2004. 

108



Heat transfer to the turbulent flow of supercritical water 
where glucose oxidation is taking place 

 

Yukihiko MATSUMURA, Ken ITO, and Yoshihiro KIKUCHI 

Department of Mechanical System Engineering, Hiroshima University 
 

Heat transfer to and from water under supercritical pressure is of practical 

importance when supercritical water technology is developed to commercialization.  It is 

usual for a supercritical water process that heat requirement for achieving supercritical 

state is large and total energy efficiency for a plant is impractically low without heat 

recovery, or that recovery of heat from water under supercritical state leads to 

improvement of the system economy.  Heat transfer characteristics of turbulent flow of 

water have been studied in 1960s and 70s, but it was only for the pure water system, and 

effects of neither solutes nor reactions taking place, which are essential for actual 

supercritical plants of recent interest, have been studied.   

In this study, effects of chemical reaction on heat transfer characteristics were 

studied experimentally.  As a model reaction, glucose oxidation was employed.  

Aqueous solutions of glucose and oxygen were mixed at the inlet of the tubular test 

section, and then heat transfer coefficient to the flow where glucose oxidation was taking 

place was measured by applying direct current to the section while measuring the 

surface temperature of the outer wall.  Direct current application allowed the flow being 

heated at a constant heat flux.  Inner surface wall temperature could be determined by 

solving Fourier’s equation through the tube wall.  Bulk temperature of the fluid could be 

obtained from enthalpy increase of the fluid, which in turn was determined from the 

applied heat and heat released by the oxidation reaction.  Heat transfer coefficient was 

calculated using this heat flux, inner surface wall temperature, and bulk temperature 

using Newton’s law of cooling.   

As a result, effect of reaction was prominent in subcritical temperature range, causing 

large increase in heat transfer coefficient compared to pure water.  This result is of 

importance in designing supercritical water gasification or oxidation plant in terms of heat 

recovery.   
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Stirred double shell reactor for waste treatment by supercritical water oxidation
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Summary

We developed a new apparatus with double entrance to treat organic waste with radionuclides
in supercritical water. We demonstrate that an oxygen fraction higher than 10 v/v% and the
dilution of waste with water/air mixture avoid the char production.
Moreover, we investigate hydrodynamics and heat transfer in SCWO processes with the
industrial CFD software FLUENT.

Introduction

SuperCritical Water Oxidation (SCWO) is a very efficient to treat hazardous waste without
emission of undesirable by-products such as NOx or SOx. However, this technology
undergoes two well-known problems due to the operating conditions and the waste
composition, which are corrosion and salt plugging. To overcome these problems, we
developed a reactor design with both a double shell in titanium, which prevents corrosion, and
a stirrer creating a turbulent flow, which prevents the sedimentation of inorganic compounds
and enables better heat transfer. First results showed that this design is efficient enough in
order to treat pure waste containing up to 50 wt% of salt and concentration up to 100g/L of
chloride.

Experimental and results

This design is now adapted in order to treat organic waste highly contaminated by
radionuclides in a glovebox. Safety constraints have led us to minimize the number of high
pressure tubes entering the glovebox, and thus, the reactor is fed with a single water/air
mixture flow which has to be split: one part is injected in the annular space where it is pre-
heated before reacting, whereas a second part, which is kept cold, dilutes the organic waste in
order to avoid the char production. An experiment design was performed which proves the
importance of the role played by the fraction of water/air mixture introduced with the waste
and by the oxygen fraction in the reactor on the char production. When the fraction of fluid is
higher than 5 v/v% and the oxygen fraction is higher than 10 v/v%, no char is produced and
all conversion yields are greater than 99.99 %.

Modelling

Furthermore, the study of hydrodynamics and heat transfer in SCWO processes is carried out
using the industrial CFD software FLUENT so as to understand the physical and chemical
phenomena involved. A kinetic model has been validated on a 2D geometry by comparison
with experimental results on a tubular reactor; this model is currently implemented on a more
complex 2D geometry modelling the double shell stirred reactor.
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Energy Recovery from Wet Biomass Feedstock
in Supercritical Water

D. Klingler, H. Vogel, Ernst-Berl-Institut für Technische und Makromolekulare

Chemie, TU Darmstadt, Petersenstr. 20, 64287 Darmstadt,

 klingler@ct.chemie.tu-darmstadt.de

Energy recovery from biomass spares fossil fuels and, since it represents a CO2

neutral energy feedstock, it can make an import contribution to climate protection.

Large, till now on technical scale virtually unused resources are wet waste biomass

with > 50 % g g-1 moisture, originating from the agricultural, the municipal and the

industrial sector. Total oxidation of wet biomass in supercritical water seems to be a

promising alternative to the conventional combustion with preceding drying of the

biomass [1]. 

Above its critical conditions (i.e. 22,1 MPa and 374°C) water exists only as a fluid, the

distinction between vapour and liquid vanishes and therefore the energy of vapo-

risation has not to be provided. In comparison to conventional processes an oxidation

in supercritical water shows further advantages as extremely low levels of noxious

emissions (NOx, SO2) [2].

To clarify the feasibility of such a SCWO (supercritical water oxidation) process,

knowledge of the kinetics of biomass oxidation in sub- and supercritical water is

helpful. As a model substance for cellulosic materials glucose was investigated, since

under sub- and supercritical conditions the glycosidic link breaks easily [3]. Results of

kinetic experiments at 24-34 MPa and 250-450°C are presented and different

process designs of such a SCWO plant for wet biomass are discussed.

[1] "Marktanalyse zur Strohvergasung" des Arbeitskreises €4Energetische

Nutzung von Biobrennstoffen“ des Forschungszentrums Karlsruhe, 1997.

[2] H. Schmieder, J. Abeln, Chem. Eng. Technol. 1999, 22, 903-908.

[3] M. Sasaki, B. Kabyemela, R. Malaluan, S. Hirose, N. Takeda, T. Adschiri, K.

Arai, J. Supercrit. Fluids 1998, 13, 261-268.
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Supercritical Hydrothermal Synthesis of Organic Inorganic Biomolecule  
Hybrid Nano Particles 

 
Tadafumi Adschiri 

Institute of Multidisciplinary Research for Advanced Materials, Tohoku University 
2-1-1 Katahira, Aoba, Sendai 980-8577 JAPAN 

 
We have proposed and developed a new method of supercritical hydrothermal synthesis 

of metal oxide nanoparticles.  Recently, we modified this method to synthesize 
organic-inorganic-biomolecule fused materials based on the methods of supercritical 
hydrothermal synthesis and organic synthesis reaction in supercritical water.  By 
introducing organic species (aminoacids, carboxylic acids, amines, alcohols, aldehydes etc.) 
during supercritical hydrothermal synthesis, nanoparticles whose surface was modified with 
organic materials could be synthesized, which was probably due to the homogeneous phase 
formation of the supercritical conditions.   Formation of 1-10 nm size metal oxide 
particles could be achieved, which has not been possible with  other methods.  
Modification of bio-materials including amino acids or peptides  is also possible.  This 
type of surface modification allows the designer to incorporate unique characteristics of 
nanoparticles into their products, including perfect dispersion of inorganic nanoparticles in 
aqueous solutions, organic solvents or in polymers.  This can be used for nanohybrid 
polymers, nano-ink, or nano-paints.  Furthermo, biomodification of nanoparticles leads to 
form nanobiohybrid materials. 
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Synthesis of luminophores – powders in supercritical water fluid 
 

Ivakin Yu. D., Danchevskaya M. N., Torbin S. N., Ovchinnikova O. G.  

Chemistry Department, Moscow State University, Moscow 119992, Russia  

Email: Ivakin@kge.msu.ru 

 

Under treatment of oxides or hydroxides of metals in supercritical water fluid occurs a 

solid-phase reorganization and ordering of oxides structure with formation of a 

powder of well edged single crystals. The adding into reaction medium of dopant as 

salt or oxide results in formation of crystals with uniform distribution of dopant ions. 

The doping of crystals allows to operate on optical properties of oxides. For example, 

thermovaporous treatment of aluminum hydroxide along with dopant at 400ºC and 

PH2O = 26 MPa results in formation of corundum (α-Al2O3) with an intensive 

luminescence at 694 nm (Cr), 678 nm (Mn, fig. 1), 614 nm (Eu), 356 nm (Ce). The 

synthesis of gahnite (ZnAl2O4) doped by Cr, Mn or Eu results in occurrence of a 

luminescence at 687, 659 and 612 nm accordingly. The yttrium - aluminum garnet 

(Y3Al5O12) doped by Cr has luminescence bands about 688 nm, and in case of Nd at 

1064 nm. Peculiarity of luminophores synthesized in water fluid is the presence in 

their structure of oxygen vacancies and residual hydroxyl groups. The doping ions 

will form the composite complexes with hydroxyl groups and oxygen vacancies. Due 

to formation of such complexes the temperature and pressure of water fluid during 

synthesis influence a state of dopant ions in forming crystals. The annealing of 

synthesized fine-crystalline oxides on air results in decomposition of complexes and 

change of luminescence (fig. 2).  

 
 
 
 
 
 
 
 
 

Fig. 1. Composite luminescence band 
(with basic maximum at 678 nm) of 
manganese ions in corundum and its 
excitation spectrum. 

 Fig. 2. Increase of luminescence 
intensity of corundum doped by Mn 
before and after annealing at 1200ºC. 
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It is well known that mineral replacement reactions take place by a dissolution–

reprecipitation process. Processes such as ion exchange and pseudomorphism are 

all linked by the common fact that mineral specie is replaced by a more stable phase 

under geological conditions. In the present work, we have investigated the feasibility 

for achieving the exchange of small SO4
= ions by large CrO4

= ions in natural celestite 

single crystals under hydrothermal conditions. Hydrothermal treatments were carried 

out by using a Teflon-lined stainless steel vessel. Experiments were performed at 

temperatures from 150 °C to 250 °C, for intervals from 1 to 96 h and filling ratios of 

40 – 70 % of the autoclave volume. The CrO4/SO4 molar ratios investigated were 1, 2 

and 5. The crystal structure of partially converted crystals was characterized by X-ray 

powder diffraction technique. SEM and EDX line scan analyses were conducted to 

reveal the morphology and chemical compositional aspects on the reacted crystals. 

The results showed that the anion exchange of SO4
= ions by CrO4

= ions, partially 

proceeds on celestite crystals by a pseudomorphic process. The partially reacted 

crystals showed the formation of a thin layer, which matched the SrCrO4 compound 

with monoclinic structure. The growth of the layer was further achieved by increasing 

the reaction temperature and the CrO4/SO4 molar ratio. In addition, EDX line 

analyses showed that the SrCrO4 layer was formed by the mechanism of dissolution-

precipitation of ion species. This layer was continuous and did not exhibited any etch 

pits, therefore, a further dissolution of the SrCrO4 layer by the fresh ion exchange 

medium occurred during the long hydrothermal reaction intervals.  
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Hydrothemal Synthesis and Investigation of Aluminum
Terephthalate

G.P. Panasyuk, L.A. Azarova, I.L. Voroshilov, Mishal Khaddaj, G.P. Boudova

N.S. Kurnakov Institute of General and Inorganic Chemistry,

Russian Academy of Sciences. Leninskii prospect, 31, Moscow, GSP-1, 119991

Russia. E-mail: panasyuk@igic.ras.ru  Fax:+ 7(095) 9554852

Earlier we obtained terephthalates of the elements of I-II groups. Terephthalates of

these elements can be obtained directly at temperatures not higher than 100oC and

normal pressure with interaction of a solution of ammonium terephthalate with the

salts of the corresponding elements. Under analogous conditions we have obtained

aluminum terephthalate in the amorphous state and it was identified on the basis of

physical and chemical analysis (X-ray phase analysis, DTA, IR, element chemical

analysis). 

For more specific identification it is necessary to obtain not amorphous but crystalline

aluminum terephthalate. For obtaining this compound the method of hydrothermal

synthesis was used. 

The process was carried out in the autoclave in temperature interval of 200 – 3900C

and under pressure of 1.6 - 25 MPa. As initial substances we used crystalline

terephthalic acid (TA) and aqueous solutions of aluminum chloride.

On diffraction X-ray patterns we can fix the reflexes of a new substance which were

not before encountered in the literature. The chemical composition of this compound

corresponds to Al2(C6H4(COO)2]3.2H2O.

The obtained compound was investigated by IR, DTA methods. 

Thermogravimetric study of obtained aluminum terephthalate indicates the similarity

of results to terephthalates of I-II groups. On the X-ray patterns of the substance that

obtained after heating to 9000C wide lines corresponding to γ-Al2O3 are present. 

IR studies of the samples treated at 5000, 6000 and 9000C indicate the formation of

the molecules of water, located in the structure of the formed oxide. These water

molecules are possibly formed because of the thermal decomposition of aluminum

terephthalate.
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Pressure measurements from Raman spectra  

of stressed diamond anvils. 

 

M. Popov. Technological Institute for Superhard and Novel Carbon Materials  

and Institute of Spectroscopy of the Russian Academy of Sciences.  

Troitsk, Moscow reg., Russia. E-mail popov@ntcstm.troitsk.ru 

 

Problem of pressure measurements in a diamond anvil cell from Raman 

spectra of stressed diamond anvils have been studied. A splitting of the threefold-

degenerate optic mode of diamond into singlet and doublet modes was observed in 

the Raman spectra from the stressed anvils. On the basis of the splitting effect 

quantitative relations between Raman spectra from the diamond anvil tip, stresses in 

the anvil tip and pressure in a sample have been considered [1]. The calibration of 

the Raman spectra against the sample pressure up to 220 GPa has been proposed. 

Experimental stress tensor study in the anvil tip permits comparison of the present 

data with theoretical calculations of diamond compressibility. 

A correctness of pressure measurements procedure in the sample from high-

frequency side of the Raman spectra profile has been studied on the base of the 

obtained results. Problems of the critical focus point shift from the culet and 

measurements stability and reproducibility are discussed. Data of the present study 

are in good correlation with recent experimental data of Ref. [2] (3 Mbar) and [3] (2.5 

Mbar) as well theoretical calculations [4]. The obtained results demonstrate, that 

Raman spectra from the diamond anvil tip can be widely used for measurements of 

the normal stress in the sample (or pressure for the quasi-hydrostatic compression).  
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New Anvil and Gasket Designs

Reinhard Boehler

Max-Planck Institut für Chemie, Mainz, Germany

Mechanical stability and aperture in diamond cells can be significantly improved

using conical supports for cone-shaped anvils. Because these anvils are machine-ground

and smaller in diameter, they cost less than conventional anvils. The conical design

allows for steel supports, which are significantly easier and cheaper to manufacture than

tungsten carbide supports. Conical support also prevents seat damage upon diamond

failure. An additional new feature of the anvils is the roughened outer portion of the

culet, which increases friction between the anvils and the gasket. This increases the

height to diameter ratio of the pressure cell and prevents bonding between gasket and

diamond, which causes ring cracks during pressure release. The anvils have been

extensively tested for culets ranging from 0.1 to 1 mm diameter up to megabar pressures.

A new gasket design is also introduced. The stability of the gasket was significantly

improved by filling laser-cut grooves with diamond powder. The procedure is

straightforward and further increases the height to diameter ratios compared to pure metal

gaskets. Example: For a 0.5 mm culet the the gasket height is typically 40 microns at 50

Gpa.
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Neutron diffraction in 40 GPa - pressure range : a tool to study 
magnetic and crystal structures 

I.N. Concharenko

Laboratoire Léon Brillouin CEA.-CNRS, C.E.A. Saclay, 91191 Gif-sur-Yvette, France

Neutron scattering is the powerful tool to study microscopic properties of condensed

matters. It is the only direct way to determine spin arrangements and to study

positions of light elements in structure. Recent progress in neutron diffraction

experiments under pressures as high as 40 GPa at the Laboratoire Léon Brillouin is

described. Original pressure cells use diamond, sapphire, moissanite and c-BN

anvils. They are compatible with low-temperature equipments. Special focusing

systems allow us to increase intensity by order of magnitude and therefore to study

much smaller samples (0.01 mm3) than conventional samples for neutron scattering

experiments (0.1 cm3). The techniques had been successfully used to study

magnetic and structural phenomena in various compounds [1]. We focus on recent

results obtained in high-pressure oxygen. At P=0, oxygen is the only elementary

molecular magnet. At high pressure it becomes a metal and a superconductor [2,3].

Even though it was obvious that the magnetic interactions should play an important

role in high-pressure oxygen, until now there was no any direct information on

magnetic structure in solid O2 under pressure. At the first time we studied magnetic

ordering in the alpha- delta- and epsilon-O2. New magnetic structure had been found

in delta-O2 at P=6 GPa [4]. The structure had unusual ferromagnetic coupling of the

O2 planes. A gradual weakening of magnetic interactions followed by a magnetic

collapse was observed at higher pressures [5]. We discuss prospects for high-

pressure neutron studies, including rotational ordering in solid oxygen and hydrogen

and new pressure-induced magnetic phases. 

[1] I. N. Goncharenko, High Press. Res. (2004), 24, 193.

[2] S. Desgreniers, Y. K. Vohra, A. Ruoff. J. Phys. Chem. (1990), 94, 1117.

[3] K. Shimizu et al. Nature (1998) 393, 767.

[5] I. Goncharenko, O. L. Makarova, L. Ulivi. Phys. Rev. Lett. (2004) 93, 055502.

[6] I. Goncharenko, submitted for publication
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A New Opposed-Anvil type High-Pressure and High-Temperature

Apparatus Using Sintered Diamond

Hirotada Gotou1, Takehiko Yagi1, Daniel J. Frost2,  David C. Rubie2

1 Institute for Solid State Physics, University of Tokyo

Kashiwa, Chiba 277-8581, Japan (yagi@issp.u-tokyo.ac.jp)

2Bayerisches Geoinstitut, University of Bayreuth

D-95440 Bayreuth, Germany

A new opposed-anvil type high-pressure and high-temperature

apparatus was developed using sintered diamond as anvil material. This

apparatus can generate up to at least 30 GPa and 1700 K. Compared to

diamond anvil apparatus combined with laser heating, this apparatus has

much larger sample volume and has higher stability in temperature.

Compared to “Kawai-type” double stage multi-anvil apparatus, this

apparatus requires much lower running cost and is easier to use. High

pressure and temperature in-situ X-ray diffraction study can be

performed when combined with synchrotron radiation.

Basic design is a “Drickamer-type” apparatus with a culet diameter

of 3 mm. A combination of metal gasket and pressure transmitting

medium made of diamond powder improved the stability of pressure

generation dramatically. All the parts for heater, electrode, sample

capsule, and so on, has either disc shape or a part of disc shape, and

once all these parts are prepared, it is very easy to assemble them

because all we need is to put all these parts by stacking them in a small

central hall of the pressure transmitting medium. The detail of the

apparatus and some examples of the performance will be described.
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The Ruby Pressure Standard to 150 GPa

Akobuije D. Chijioke1, W. J. Nellis1, A. Soldatov,1,2 and Isaac F. Silvera1

1Lyman Laboratory of Physics, Harvard University, Cambridge MA, 02138

2Department of Applied Physics & Mechanical Engineering, Lulea University of

Technology, SE - 97187, Lulea

A new determination of the ruby high-pressure scale is presented. We first review

existing calibrations. The new ruby scale that we present is based on experimental

data on materials in quasi-hydrostatic media (helium, hydrogen, or xenon) using all

available appropriate measurements including those of Dewaele et al1, Zha et al2

and our own data. Calibration data extends to 150 GPa. A careful consideration of

shock-wave reduced isotherms is given, including corrections for material

strength.3 The new calibration is P = (A / B) (� / �0 )
B �1�� ��(GPa) , with A=1873.4±6.7

and B=10.82±0.14 where � is the peak wavelength of the ruby R1 line. On the

new scale at 150 GPa the pressure is about 13 GPa higher than on the old, so-

called qausi-hydrostatic scale using argon for a pressurization medium.4

Extrapolation to the 300-400 GPa region yield differences of over 20% in pressure.

This research was supported by the NSF, grants No. DMR-9971326 and DMR-

007182.

1 A. Dewaele, P. Loubeyre, and M. Mezouar, Phys.Rev. B 70, 094112
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2 C.-S. Zha, H. K. Mao, and R. J. Hemley, Proc. Nat. Acad. of Sciences 97,

13494-13499 (2000).

3 A. Chijioke, W. J. Nellis, and I. F. Silvera, submitted for publication (2005).

4 H. K. Mao, J. Xu, and P. M. Bell, J. Geophys. Res. 91, 4673-4676 (1986).
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DIAMOND AND cBN CRYSTALLIZATION:
THERMODYNAMICS AND KINETICS

Turkevich Vladimir
Institute for Superhard Materials of the National Academy of Science of Ukraine,

2 Avtozavodskaya St, 04074, Kiev, Ukraine, vturk@ism.kiev.ua

Spontaneous crystallization of diamond and cubic boron nitride (cBN) takes place at high
pressures and temperatures from melt solutions of systems, which contain carbon or
boron nitride, in the thermodynamic stability regions of dense cubic phases. The
solubility of the low-density phase (graphite, hBN) in the melt exceeds that of the high-
density phase (diamond, cBN), therefore, in dissolution of the low-density phase, the
solution reaches its supersaturation first of all in respect to the high-density phase. The
thermodynamic incentive of the  crystallization is the difference in chemical potential
between the cubic and graphite-like phases µc-µh. In the equilibrium line between the
graphite-like and cubic phases, the crystallization rate is zero. The stable liquidus of the
dense phase in the phase diagrams of multicomponent systems is the necessary
thermodynamic condition for spontaneous crystallization of the phase.

The crystal formation consists of nucleation and growth. In most cases, the cubic phase
nucleation is heterogeneous. The probability of the formation of a critical-sized nucleus,
and hence the nucleation rate, increases abruptly with decreasing surface energy at the
melt-crystal nucleus interface. With a decrease in the surface energy, the crystal growth
rate also increases. The nucleation rate depends exponentially on pressure. The
pressure increase abruptly increases the formation rate of the phase of a lower volume.
Thus, the negative difference of chemical potentials µc-µh is a necessary but insufficient
condition for diamond or cBN spontaneous crystallization. Even the stable liquidus of the
cubic phase in the phase diagram at high pressures does not ensure the spontaneous
crystallization of the cubic phase in the presence of kinetic difficulties. The latter may
involve (a) a low nucleation rate due to a high surface energy at the crystal–growth
medium interface, or to low pressure, (b) a low growth rate of the cubic phase, due to a
low difference in solubility between the cubic and graphite-like phases in the melt and
low values of diffusion coefficients of clusters of carbon or boron nitride in the melt.

Various models are used to describe the crystallization kinetics. Based on the
experimental data, the models allow one to estimate the activation energy of the
crystallization process, to ascertain, what stage controls the process (diffusion delivery of
the building material, or its integration into a growing crystal), to judge if the nucleation is
a continuous process or it exhausts with time, and make a conclusion about the
crystallization mechanism. The Avrami-Kolmogorov model has proved to be best suited
to describe the process of the spontaneous crystallization of diamond and cubic boron
nitride.
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Potential super-hard phases and the stability of diamond-like BnCm 

structures 

 

J. E. Lowther  

DST-NRF Centre of Excellence in Strong Materials and School of Physics  University 

of the Witwatersrand, Johannesburg,  South Africa. 

 

 

Metastable complexes of diamond structured B-C-N complexes are now 

established with the recent synthesis of the metastable material BC2N[1]. The 

precursor to the BC2N super-hard phase has a graphitic structure with the same 

stoichiometry. Claims that such a material is the second hardest material to date 

have inspired further studies of hard materials having a potential diamond-like 

structure and quite recently a B-C phase has been synthesized[2] and where an 

extreme hardness was also claimed. 

The properties of some potential super-hard diamond like boron carbon phases are 

examined using ab-initio computational modelling. Both the bulk and shear modulus 

show a steady decrease with boron concentration. The electronic density of states 

suggest that each of the materials has a strong conducting character. Two specific 

phases, namely BC3 and BC7, are singled out and their possible graphitic precursor 

phases considered. Finally energies of the graphitic phases are related to the super-

hard phases with the same stoichiometry. 
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Cubic boron nitride crystallization in fluid systems – in situ studies

Yann Le Godec 1  and  Vladimir L. Solozhenko 2

1  IMPMC, Université Paris 6, Paris, France (yl@pmc.jussieu.fr)
2  LPMTM-CNRS, University Paris Nord, Villetaneuse, France

According to the equilibrium phase p,T-diagram of BN suggested by Solozhenko in
1988 [1], at ambient pressure cubic boron nitride (cBN) is the thermodynamically
stable BN polymorph up to 1600 K.  However, low-pressure crystallization of cBN in
the region of its thermodynamic stability is kinetically restricted.  For a rich variety of
systems, the threshold pressure of cBN spontaneous crystallization is about 4 GPa
irrespective of the temperature. Early in the 90s, Solozhenko et al. [2,3] found that
synthesis of cubic boron nitride in the presence of supercritical fluids results in drastic
reduction of the threshold pressure of cBN formation.

Present work is the first attempt to study in situ the crystallization of cubic boron
nitride from BN solutions in supercritical N–H fluid at pressures up to 5.2 GPa and
temperatures up to 1600 K using angle- and energy-dispersive X-ray diffraction with
synchrotron radiation.

In cooling of the BN solution in supercritical N–H fluid, the disappearance of short-
range order in the solution is observed which is accompanied by the precipitation of
solid phases (cBN or hBN and BN–NH3 intercalation compound depending on the
pressure, temperature and concentration). Spontaneous crystallization of cubic boron
nitride has been observed down to 1.9±0.2 GPa, which is the lowest pressure of the
cBN crystallization reported so far. Based on the results obtained, the BN–NH3

hypothetical quasibinary section of the phase diagram of the B–N–H system at
4 GPa has been constructed.

A comparison between diamond and cBN crystallization has shown that for the fluid-
containing systems the position of the low-temperature boundary of cBN formation in
the p,T-diagram of boron nitride is defined either by the line of the incongruent
melting of the BN compound with the solvent, or by the kinetics of the cBN nucleation
and crystal growth.  The position of the high-temperature boundary of the p,T-region
of cBN crystallization is always defined by kinetics factors.

References:
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Strain-Induced Disorder, Phase Transformations and TRIP in 

Hexagonal Boron Nitride under Compression and Shear in a 

Rotational Diamond Anvil Cell: In-Situ X-ray  

Diffraction Study and Modeling  

 

Valery I. Levitas, Yanzhang Ma and Javad Hashemi, 
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Center for Mechanochemistry and Synthesis of New Materials, 

Lubbock, TX 79409, USA, email: valery.levitas@coe.ttu.edu 

 

It is known that plastic shear significantly reduces the phase transformation (PT) 

pressure when compared to hydrostatic conditions. Here, a paradoxical result was 

obtained: PT of hexagonal hBN to superhard wurtzitic wBN under pressure and 

shear started at the same pressure ~10 GPa as under hydrostatic conditions. To 

resolve the paradox and to quantitatively study the basic physics and mechanisms, a 

simultaneous in-situ X-ray diffraction study and modeling of the disorder (the 

turbostratic staking fault concentration) and PT in hBN were performed.  Under 

hydrostatic pressure, changes in the disorder were negligible. Under compression 

and shear, a strain-induced disorder was revealed and quantitatively characterized.  

The strain-induced disorder, in turn suppressed PT; this resolves the paradox. During 

the strain-induced PT, existence of transformation-induced plasticity (TRIP) was 

proved. The degree of disorder is suggested as a physical measure of plastic 

straining which also allows us to quantitatively separate the conventional plasticity 

and TRIP. TRIP exceeds the conventional plasticity by a factor of 20. In comparison 

with hydrostatic loading, for the same degree of disorder, plastic shear indeed 

reduced the PT pressure by a factor of 3-4, as well as caused a complete irreversible 

PT.  Coupled strain-controlled kinetic equations for disorder and PT were derived. 

The analytical solutions confirm our conclusions and resulted in some predictions. 

Also, conditions for quasi-uniform pressure distribution were predicted and achieved 

experimentally. A homogeneous pressure self-multiplication effect was revealed.  

1. V. I. Levitas, Y. Ma, J.  Hashemi. Europhysics. Letters, 2004, vol. 68,  550-556. 

2. V. I. Levitas. Phys. Rev. B. 2004, vol. 70, 184118,1-24. 
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High-pressure synthesis of high purity single crystal of cubic and 

hexagonal boron nitride and their band-edge natures 

 

Takashi Taniguchi and Kenji Watanabe,  

Advanced Materials Laboratory, National Institute for Materials Science 

1-1Namiki Tsukuba Ibaraki 305-0044 Japan, TANIGUCHI.takashi@nims.go.jp 

 

Cubic and hexagonal form of boron nitride(BN) single crystals were 
synthesized by using temperature gradient method under high pressure. Compounds 
of alkali metal and/or alkali earth metal- boron nitride were used as solvent for the 
crystal growth[1]. The quality of these single crystals was studied with respect to 
their optical properties , etch-pit density and SIMS analysis. Recovered crystals 
exhibited variety of colors and crystalline natures. Nearly colorless cubic BN crystals 
obtained by using Ba-BN solvent system revealed that superior characteristics 
showing optical properties of band-edge nature as well as lower etch-pit density of 
the order of 104/cm[1,2]. 

Furthermore, high quality single crystal of hexagonal BN were also grown by 
using Ba-BN solvent under HP/HT. The crystals exhibit the band-edge optical nature 
of direct wide-band gap semiconductor with Eg:5.9eV. Evidence for room 
temperature ultraviolet lasing at 215nm by accelerated electron excitation is provided 
by the enhancement and narrowing of the longitudinal mode, threshould behavior of 
the excitation current dependenceof the emission intensity, and a far-field pattern of 
the transverse mode[3,4].  
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New Bulk Superhard Semiconducting C-B Composite

Natalia A. Dubrovinskaia, Leonid S. Dubrovinsky

Bayerisches Geoinstitut, Universität Bayreuth, D-95440 Bayreuth, Germany

Vladimir L. Solozhenko

LPMTM-CNRS, Université Paris Nord, F-93430 Villetaneuse, France

A bulk composite material has been synthesized from graphite-like BC3 at 20 GPa and 2300 K

using a multianvil press in the form of well-sintered 8-mm3 cylinders. The material consists of

intergrown boron carbide B4C and boron-doped diamond with 1.8 at% B. The material exhibits

semiconducting behaviour and has hardness comparable with that of single-crystal diamond.

Synthesis of composite ceramics with hardness approaching that of diamond suggests that new

superhard materials could be not only among monophases. Combination of semiconducting

properties and extreme hardness makes the synthesised material potentially important for

precision (for example, electroerosion) machining, electrochemical, and electronic (high-power,

high-frequency) applications.
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Pure Phases of C3N4 Synthesized
at High Pressure and High Temperature

Zhi He, Hongan Ma, Qiang Zhou, Qiliang Cui, Chunxiao Gao, Bingbing Liu, Tian Cui,

Xiaopeng Jia, Guangtian Zou, National Laboratory of Superhard Materials,

Jilin University, Changchun 130012, China, email: gtzou@jlu.edu.cn

Jing Liu, BSRF, Chinese Academy of Sciences, Beijing 100049

Since A. Y. Liu and M. L. Cohen predicted that beta phase of C3N4 may be
comparable to diamond in hardness [1], and then D.M.Teter and R.J.Hemley
predicted that cubic phase of C3N4 will be harder than beta phase C3N4 and a
particular challenger to diamond [2], thousands of laboratories around the world
launched into preparation of beta and cubic phase of C3N4 by use of various
experimental metholds [3]. Unfortunately, they failed to get pure phases of C3N4 with
stoichiometric ratio. We have obtained pure phases of graphite phase, beta phase of
C3N4 synthesized from carbon-natrogen organic compounds as stating material with
different catalysts under high pressure and high temperature. We also got beta
phase and cubic phase of C3N4 starting from its graphite phase by use of laser
heating method at high pressure and high temperature in DAC. Phase transitions
from graphite phase C3N4 to beta phase C3N4, and from beta to cubic C3N4 under
high pressure and room temperature have been investigated by XRD and electrical
resistance measurement up to 104 GPa. A phase transition of C3N4 looks like an
electronic phase transition from direct band gap to indirect band gap by ab initio
calculation of energy band at 40 GPa.The physical properties of C3N4 will be reported
in present paper.
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Structure of Liquid Water up to 6.5 GPa and 672 K

Th. Strässle *, A.M. Saitta *, Y. Le Godec *, J.S. Loveday ‡, R.J. Nelmes ‡, S. Klotz *

*Physique des Milieux Denses, IMPMC, Université P&M Curie, 75252 Paris, France
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Edinburgh, Edinburgh EH9 3JZ, U.K.

The local structure of liquid water has been and still is the subject of discussion [1

and references therein]: (i) many of the theoretical concepts of water base upon two-

state models, (ii) local inhomogeneities in the liquid phase have been proposed and

(iii) the relationship between the amorphous ice phases and the liquid remains

unclear. We have extended the pressure range of previous diffraction studies by

more than a factor four. Our study along the melting line of ice VII reveals

pronounced structural changes induced by pressure. We discuss details on the

experimental aspects [2] and on the method of Empirical Potential Structural

Refinement (EPSR) [3], which allowed us to extract partial and angular averages

from a single neutron scattering experiment without isotope substitution. Our

experimental findings are compared to classical and ab-initio molecular dynamics

calculations [4] and preliminary conclusions are drawn.

[1]  P.G. Debenedetti et al., Physics Today, June 2003, 40.

[2]  Y. Le Godec et al., High Pressure Research 2004, 24, 205.

[3]  A.K. Soper, Chem.Phys. 1996, 202, 295.

[4]  E. Schwegler et al., Phys.Rev.Lett. 2000, 83, 2429.
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High-pressure High-temperature liquid carbon dioxide  
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Carbon dioxide is a simple system widely studied because of its importance in life 

and geological sciences. Despite its simplicity, it shows several high-pressure 

polymorphs quenchable at room temperature and its phase diagram isn’t still fully 

characterized especially at high temperature [1,2,3,4]. This work deals more 

specifically with the properties of  liquid carbon dioxide at high pressure and high 

temperature. We have measured the melting curve separating the liquid from phase I 

(the dry-ice cubic structure) from 300 to 800 K by visually monitoring the solid/fluid 

equilibrium inside a diamond anvil cell and identifying the solid phase by Raman 

scattering. Our data are in good agreement with those from Bridgman to 366 K[5] but 

deviate from the work of Grace and Kennedy [6] for temperatures greater than 370 K. 

The only recently measured melting point by Iota and Yoo [1] is in fact well inside the 

liquid domain. We also redetermined the I-IV transition line and found it quite different 

from the one of Ref. [1], whereas consistent with the melting curve data. Brillouin 

scattering and refractive index measurements have been performed on the  high-

temperature liquid in order to obtain the sound velocity along several isotherms and 

then to calculate the equation of state of liquid CO2  to 8 GPa and 700 K. 

[1] V. Iota & C.S. Yoo, Phys. Rev. Lett. 2001, 86, 5922 

[2] C.S. Yoo et al., Phys. Rev. Lett. 1999, 83, 5527  

[3] M. Santoro et al., J. Chem. Phys. 2004, 121, 2780 

[4] F. A. Gorelli et al., Phys. Rev. Lett. 2004, 93, 205503  

[5 ]P. W. Bridgman, Phys. Rev. 1914, 3, 126  

[6]J.D. Grace and G.C. Kennedy, J. Phys. Chem. Solids, 1967, 28,977  
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High P-T Raman measurements and optical observations of solid and fluid oxygen in the 300-

1250 K and 8-25 GPa range led to discover a new molecular phase η and strikingly unusual 

behavior of the melting curve. Three triple points were also identified along the P-T phase 

boundaries of the new phase. The direct measurement of the melting curve greatly extends 

previous optical investigations. We find the melting temperature is much higher than that 

inferred from the existing phase diagram (e.g., 400 K higher at 25 GPa). Measurements in the 

vibron and in the lattice frequency regions reveal the extent of orientational order disorder and 

persistence of strong intermolecular interactions in the high P-T phases [1]. 

 

[1] M. Santoro, E. Gregoryanz, H.K. Mao, R.J. Hemley, Phys. Rev. Lett. 93, 265701 (2004).  
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High-Pressure High-Temperature Amorphous Ice.

Natalia Dubrovinskaia and Leonid Dubrovinsky

Bayerisches Geoinstitut, Universität Bayreuth, D-95440 Bayreuth, Germany

Properties of H2O at elevated pressure and temperature are of fundamental importance

in both condense matter physics and planetary sciences. The pressure-temperature

phase diagram of water ices is extremely complex and various solids forms of H2O

have been and still are the subject of intense experimental and theoretical

investigations. Ice Ih is the first system which was observed to amorphize under

pressure. Several glassy and amorphous ices (including low-density (LDA) and high-

density (HDA) amorphous forms) were observed to exist metastably at pressures

below ∼1.5 GPa and low temperatures. We studied behaviour of H2O in externally

heated diamond anvil cells (DACs) at pressures up to 50 GPa and temperatures to

1150 K combining visual observations, Raman spectroscopy, and X-ray powder

diffraction. Above 30 GPa and 950 K, using visual observations and Raman

spectroscopy we found an X-ray amorphous phase clearly distinct from liquid water.

The new material reversibly transforms to Ice VII and can be obtained on cooling or

compression of liquid water suggesting that the high-pressure high-temperature

amorphous phase may be thermodynamically stable.
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The behavior of water at extreme conditions of pressure and temperature is of 

profound importance to the planetary and geosciences, fundamental chemistry, 

environmental science, and biology. A superionic phase has been theoretically 

predicted above 20 GPa and at 2000 K [1], but has not been confirmed in more 

recent calculations [2]. Experimental studies include shock wave data to 26 GPa [3] 

and observations of the melting line up to 90 GPa [4-6], but no in situ characterization 

of water at extreme conditions is reported above 22 GPa.  

Raman spectroscopy in a laser heated diamond anvil cell and first principles 

molecular dynamics (MD) simulations have been used to study water in the 

temperature range to 1500 K and at pressures to 56 GPa. We find a substantial 

decrease in intensity of the O-H stretch mode in the liquid phase with pressure and a 

change in slope of the melting line at 47 GPa and 1000 K. In agreement with these 

observations, theoretical calculations show that water beyond 50 GPa consists of 

very short lived (<10 fs) H2O, H3O+ and O2- species and that the mobility of the 

oxygen ions decreases abruptly with pressure, while hydrogen ions remain very 

mobile. We suggest that this regime corresponds to a superionic state, while water 

above the melting curve is dynamically ionized.   

 

References:  

[1] C. Cavazzoni et al., Science 1999, 283, 44-46. 

[2] E. Schwegler et al. Phys. Rev. Lett. 2001, 87, 265501. 

[3] N. C. Holmes et al., Phys. Rev. Lett. 1985, 55, 2433-2436. 

[4] F. Datchi, P. Loubeyre, R. LeToullec, Phys. Rev. B, 2000, 61, 6535-6546. 

[5] N. Dubrovinskaia and L. Dubrovinsky, High Pressure Res., 2003, 23, 307-309. 

[6] B. Schwager et al.,  J. Phys.: Condens. Matter 2004, 16, S1177-S1179.  
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The equation of state and opacity of warm dense helium (1 < ρ < 10 g/cm3, 

0.5 < T < 5 eV) is essential for addressing a variety of astrophysical problems, such 

as the cooling rate of white dwarfs or the miscibility of H/He in the interior of giant 

planets.   High-pressure experimental data on dense helium are sparse, and in 

particular none exist in the region of direct astrophysical relevance:  models used by 

the astrophysical community have been calibrated on a small number of gas-gun 

measurements much below 1 g/cm3 [1].  It has recently been shown that by coupling 

static- and dynamic-compression techniques, it is becoming feasible to recreate the 

conditions of giant planetary interiors in laboratory [2].  We present accurate 

pressure, temperature, density, and reflectivity measurements of helium using quartz 

as a reference material for impedance matching.  We compressed helium to over 1.2 

g/cm3, and reflectivity data at these conditions show that helium is not a clear 

dielectric fluid but reflects like a metal.  The pressure for this transition is almost 

independent of temperature, as would be expected for pressure-induced ionisation, 

but it occurs at pressures 1-2 orders of magnitude lower than theoretically expected 

for the T = 0 K solid or fluid [3].  These measurements also have implications for the 

phase diagram of helium, including the presence of a maximum on the melting line or 

the existence of a plasma phase transition.  

 

[1] D. Saumon, G. Chabrier and H.M. VanHorn, Astrophys. J. Suppl. , 1995,  99, 713. 

[2] P.Loubeyre et al, High Press. Res., 2004, 24, 25. 

[3] O. Pfaffenzeller, D. Hohl and P.Ballone, Phys. Rev. Lett.,  1995, 74, 2599. 
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New transformation of ice in aqueous RbCl solution to a high-

pressure phase at low temperature
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In previous reports [1, 2], we found that the ice phase in aqueous LiCl solution (LiCl

12H2O) transforms to an amorphous phase at 500 MPa, as in the case of pressure-

induced amorphization of ice Ih to a high-density amorphous ice (HDA)[3], whereas 

that the ice phase in aqueous KCl solution transforms to a crystalline ice VII’ phase 

(the frozen-in disorder of ice VII) at 800 MPa. Since salts are considered to not 

dissolve interstitially in the ice lattice, it is very intriguing that the results show 

differences depending on the salts.

In this study, the changes in in situ Raman spectra of ice in aqueous RbCl solution 

(RbCl 12H2O) have been measured as a function of pressure at liquid nitrogen 

temperature (77 K). Here we show that the ice in aqueous RbCl transforms to ice VII’ 

phase at 800 MPa. It is well known that the aqueous LiCl solution is a good glass 

former, but aqueous solutions of alkali halide, such as KCl, RbCl, etc., except for Li-

salts, do not become amorphous state with a standard cooling rate of  103 K/min 

[4]. Therefore, there might be tendencies that the aqueous salt solution to form a 

glassy state upon cooling becomes an amorphous phase on compression, while that 

the aqueous salt forming a crystalline state on cooling at a normal pressure 

transforms to a high-pressure crystalline ice phase, such as ice VII’. 

References:  

[1]. Y. Yoshimura, H. Kanno, J. Phys. Cond. Matt., vol. 14, 10671-10674 (2002). 

[2]. Y. Yoshimura, R. J. Hemley, H. K. Mao, Chem. Phys. Lett., vol. 400, 511-514 

(2004).

[3] O. Mishima, L. D. Calvert, E. Whalley, Nature, vol. 310, 393-395 (1984). 

[4]. C. A. Angell, E. J. Sare, J. Chem. Phys., vol.52, 1058-1068 (1970). 
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  The recent study of the methane clathrate under pressure has revealed two
new structures in addition to the well known structure I clathrate. The highest
pressure structure resembles a filled ice lattice and is denoted MH-III. This
structure has been shown to be stable to pressures near 50 GPa. The open
structure and consequent high compressibility of this clathrate means a centro-
symmetric hydrogen bonds could be obtained at lower pressures than are
required for the stable ice ice VIII phase in the pressure range above 2 GPa.  In
this study, we carried out infrared studies at ambient and low temperatures on
mixtures of H2O and D2O in order to characterize this formation the centro-
symmetric hydrogen bond. These studies were complemented by detailed
theoretical calculations of the behavior of the MH-III clathrate using ab initio
techniques.
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The complex evolution of 5f-electron magnetism within U intermetallics is controlled

by interactions of the U 5f electrons with valence electrons of ligands. The 5f electron

orbitals are extended in space and therefore their overlap with the neighboring U 5f-

orbitals and the non-U ligand valence electron wave functions (yielding a

considerable 5f-ligand hybridization). These mechanisms play a dual role in

determining 5f-electron magnetism in U intermetallics. The only "clean" way how to

control the interatomic distances is realized by external pressure acting on the

studied material. Good knowledge of the compressibility, which is frequently

anisotropic, is crucial for detailed microscopic interpretation of data. These aspects

will be systematically demonstrated by experimental results available for several

prominent representatives of the large family of U intermetallics. Special aspects of

for different types of pressure experiments (hydrostatic pressure, uniaxial stress) will

be also addressed. A more general scenario relating the electronic structure and the

5f-electron magnetism will be finally presented.
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Orbital ordering, fluctuation, and excitation phenomena in transition metal perovskites 

have been investigated in recent years both experimentally and theoretically. In this 

context, rare-earth titanates with three nearly degenerate 3d(t2g) orbitals, which are 

occupied by a single electron, have been of particular interest. We address here the 

question of how robust the orbital ordering is in YTiO3, and show that it can be tuned 

by the application of hydrostatic pressure. By means of synchrotron x-ray powder 

diffraction we investigated the crystal structure of YTiO3 up to 30 GPa. The evolution 

of the distortion of the TiO6 octahedra indicates a pressure-driven spatial 

reorientation of the t2g wavefunction at around 10 GPa. We will discuss this 

observation in comparison with experimental results on the related compounds 

LaTiO3 and LaMnO3. In addition to the structural aspects, we have investigated the 

pressure-induced charge delocalization and metallization in these three perovskites 

by synchrotron infrared micro-spectroscopy in the mid- and far-infrared spectral 

ranges. The optical band gap shift in YTiO3 and LaMnO3 under pressure was 

determined quantitatively. The combined results on the structural, orbital and 

electronic changes under pressure give new insight into the physics of these 

materials. 

 

This work was performed in collaboration with Y.-L. Mathis, B. Gasharova, and D. Moss 
(ANKA, Karlsruhe, Germany); M. Amboage and M. Hanfland (ESRF, Grenoble, France); 
O. K. Mel’nikov and A. Ya. Shapiro (Russian Academy of Science, Moscow, Russia). 
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CePt3Si is a novel unconventional superconductor (SC) which undergoes a transition 

into an antiferromagnetic ground state at TN ~ 2.2 K and exhibits superconductivity 

below 0.75 K. CePt3Si crystallizes in the  tetragonal structure P4mm which lacks a 

center of inversion. Large values of Hc2' ~ -8.5 T/K and Hc2(0) ~ 5 T were derived, 

referring to Cooper pairs formed out of heavy quasi-particles. The mass 

enhancement originates from Kondo interactions with a characteristic temperature TK 

~ 8 K. CePt3Si follows the general features of correlated electron systems and can be 

arranged within the Kadowaki-Woods plot next to the unconventional SC UPt3. NMR 

and µSR results show that both magnetic order and SC coexist  on a microscopic 

scale without having spatial segregation of both phenomena. The absence of an 

inversion symmetry gives rise to a lifting of the degeneracy of electronic bands by 

spin-orbit coupling. As a consequence, the SC order parameter may have uncommon 

features as indicated from a very unique NMR relaxation rate 1/T1 and a linear 

temperature dependence of the penetration depth λ.  

The aim of the present work is to trace the evolution of superconductivity and 

magnetic order upon the application of hydrostatic pressure; changes originated by 

hydrostatic pressure will be compared with results of measurements performed on 

substituted samples, where the exchange of elements, such as Si/Ge causes 

chemical pressure effects. 

Work supported by the Austrian FWF, P16370. 
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The ground state properties of f electron compounds depend critically on the

competition between different interactions, whose balance can be strongly

modified by an external perturbation, such as pressure, magnetic field or a

change in the chemical composition. Pressure, in particular, offers a direct way of

changing the interatomic distances without artificially altering the electronic

structure of a compound. Its effect can be dramatic and have severe

consequences on the electronic and magnetic properties of 4f and 5f systems, as

will be shown by selected examples of Sm(4f) and U(5f)- based compounds. In

the case of SmS, which is a divalent (and therefore non magnetic) semiconductor

at ambient conditions, pressure induces first an isostructural transition to a

semiconducting intermediate valent state (v~2.7), followed by the closure of the

charge gap and the onset of long range magnetic order. On the contrary, in the

Kondo insulator UNiSn, where the U(5f) moments are ordered at ambient

conditions, pressure induces first a complete metallisation at ~9 GPa and then

(~18 GPa) a collapse of the magnetic order. These results will be presented and

discussed in the framework of theoretical models taking into account the

competition between the RKKY exchange interaction, the Kondo effect and the

degree of hybridisation of the f electrons with those of the outer shells.
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  An insulator-metal transition is one of the interesting properties in strongly

correlated electron systems. At ambient pressure, CuFeS2 is an antiferromagnetic

semiconductor. As indicated by high-pressure resistivity measurements at room

temperature [1], it undergoes the insulator-metal transition at 6.5 GPa with increasing

pressure. Furthermore, the antiferromagnetic order disappears at this transition [2].

   In the present study, we have measured X-ray diffraction and 57Fe nuclear resonant

inelastic scattering (NRIS) of CuFeS2 under pressure using synchrotron radiation at

SPring-8. The X-ray diffraction data were collected at room temperature with angle-

dispersive techniques and an image-plate detector on BL10XU. For 57Fe NRIS, the

pulsed synchrotron radiation was monochromatized by the high-resolution

monochromator on BL09XU. The 57Fe NRIS spectra were measured by tuning the

highly monochromatized X-ray beam in an energy range of about 60 meV.

  Since a halo-like pattern is observed in the X-ray diffraction data above 7.1 GPa,

CuFeS2 undergoes a pressure-induced crystal-amorphous transition. 57Fe NRIS

spectra under pressure consist of large center peaks originating from elastic

scattering and sidebands resulting from inelastic scattering with the annihilation and

creation of phonons. The inelastic components in the spectra extract lead to the

partial phonon densities of states (DOS) assuming a harmonic lattice model. There

are three peaks at 10, 22 and 43 meV in the extracted partial phonon DOS below 5.5

GPa.  The lowest peak originates from the acoustic phonon branches and other two

peaks come from optical branches. Above 7 GPa, the acoustic and optical phonon

branches are overlapped.

 

[1] G.D. Pitt and M.K.R. Vyas Solid State Commun. 15(1974) 899.

[2] H. Kobayashi, H. Onodera, and T. Kamimura Hyperfine Interact. (C) 5(2002) 165.
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Pressure-induced quantum instability in highly correlated f-electron
systems

Gendo Oomi
Department of Physics, Kyushu University, Ropponmatsu, Fukuoka,
810-8560, Japan
  
  There have been a lot of investigations about the instability of
electronic state under high pressure in the highly correlated electron
systems including 4f or 5f electrons. In the materials showing such
properties, some physical quantities such as electrical resistivity,
specific heat, magnetic susceptibility and so forth, show large deviations
from the normal Fermi liquids(FL). These phenomena have been called
as non Fermi liquid (NFL) properties, which is related to the instability
of quantum electronic state or quantum phase transition(QPT). In the
present work we will describe some examples mainly for the following
materials, in which the NFL or FL state shows an instability to give rise
to QPT under high pressure. 

(1) CeAl3:
  This material is considered as a prototype of heavy Fermion, in which
a large value of Sommerfeld coefficient and large value of T 2 term in the
electrical resistivity have been found. These properties are affected
significantly by applying high pressure. At high pressure around 10
GPa, this compound shows a crossover in the electronic state from HF
to normal metal or intermediate valence state.
(2)Y0.8U0.2 Pd3: 
  This has been well known as a typical example of NFL. The effect of
pressure has been investigated by many authors below 2 GPa. Recently
we found that this NFL state is unstable and the FL state is recovered at
high pressure of about 6 GPa. We suggest that this transition is a kind
of QPT induced by high pressure.

  Other examples showing interesting electronic properties under high
pressure will be briefly introduced for the materials including f
electrons.   
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Oxides and Hydroxides
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Mössbauer spectroscopy, x-ray diffraction (XRD), and electrical resistance (R(P,T))

studies were applied to investigate the high properties of the Mott insulator antiferro-

magnetic layered Fe(OH)2 and CuFeO2. In Fe(OH)2 an unforeseen process by which a

gradual Fe2+ oxidation takes place, starting at ~8 GPa reaching 70% Fe3+-abundance at

40 GPa. Based on XRD and R(P,T) data it is unequivocally concluded that this non-

reversible process, Fe2+ → Fe3+ + e-, results in Fe2+ converting into Fe3+ with no struc-

tural transition. The “ousted” electrons form a deep band within the Fe(OH)2 high-

pressure electronic-manifold becoming weakly-localized at P > 50 GPa. This process is

attributed to an effective ionization potential created by the pressure-induced orientation

deformed (OH)-1 dipoles and the unusual small binding energy of the valence electron in

Fe2+(OH)2.

Magnetic properties of the 2D spin-frustrated CuFeO2 delafossite have been studied up

to 100 GPa. The partially disordered spin arrangement at ambient pressure in the 11 –

16 K range, transforms with pressure to a long-range ordered “5-sublattice” phase with a

distinct TN, a similar role played by external magnetic field in neutron studies. This phase

gradually substitutes for the “4-sublattice” magnetic ground state present at ambient

pressure, reaching 100% at 19 GPa. The twofold increase of TN at 19 GPa is explained

in terms of the unusual increase of the intra-planar direct exchange J|| caused by the

anomalous anisotropic compression of CuFeO2 in which c/a increases with pressure.

With further pressure increase at ~ 30 GPa, about half of the Fe3+ and Cu1+  ions un-

dergo a reduction-oxidation1  transition: ( ) ( ), ,P→3+ 1+ 2+ 2+Fe Cu Fe Cu explained by pres-

sure-induced band overlap. New magnetic sublattices are formed composed of

Fe2+(S=2) and Cu2+(S=1/2) enhancing dramatically the TN. At 50 GPa both Fe ions un-

dergo a spin transition and finally at 80 GPa a Mott transition into a metallic state takes

place.
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Some recent results are presented:

1) For the first time, the specific-heat anomaly in the overdoped range of a single

crystal of the high-temperature superconductor YBa2Cu3O7 has been studied under

high pressure, up to 10 GPa, using AC calorimetry. The evolution of the specific-heat

jump, as well as the bulk Tc, are consistent with a pressure-induced increase of the

charge-carrier concentration nh by about 0.02.

2) The pressure range of the non-Fermi liquid (NFL) region of MnSi has been

investigated by resistivity. In contrast with predictions of the current model, the

exponent n=3/2 is stable from pc = 1.46 GPa up to 4.5 GPa and even at 8 GPa, the

Fermi liquid relationship ρ = ATn with n=2 was not still recovered.

3)  For the element Fe, NFL behaviour as revealed by resistivity variation with n=5/3

extends above the entire spin-mediated superconducting region. [1] At p = 31 GPa,

where Tc vanishes, the A coefficient has decreased by around 50%, indicating a

threshold value of A for superconductivity.

4)  The high pressure superconductivity of CeCu2Si2 can be understood via an

attractive interaction driven by charge fluctuations around a first order transition, with

a critical endpoint at sufficiently low temperature. [1] It is noteworthy that

superconductivity can develop despite huge residual resistivities, of the order of the

Ioffe-Regel limit.

[1 ] D, Jaccard, A. T. Holmes, cond/mat 0410143

corresponding author: D. Jaccard

e-mail: Didier.Jaccard@physics.unige.ch
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Nanostructured carbon materials, namely fullerenes and carbon nanotubes, 

have produced significant excitement in the field of high pressure science in this 

decade. An important feature of this class of materials is that they have well defined 

nanostructures as well as free void formed in the assembled solids. These two 

features provide a large variety of freedom in properties of nanocarbon solids. In this 

paper, I will describe several peculiar aspects of high pressure behaviours, which are 

ascribed to the freedom in fullerene and carbon nanotube solids.    

Pressure-induced intermolecular bond switching was discovered more than 

ten years ago, and this phenomenon produced a large variety of polymeric forms of 

fullerenes [1]. Nowadays, one-, two-, and three-dimensionaly polymerized C60 have 

been isolated, as well as dimers C120. Furthermore, in-situ x-ray diffraction 

experiments uncovered the reaction process from the two-dimensional tetragonal 

polymer of C60 to a three-dimensional polymer via. a first-order irreversible 

transformation at P = 24 GPa [2].  

Intercalated fullerides also display rich variety of phase transitions at high 

pressure. Particularly, the covalent bonds between intercalated metals and carbon 

atoms cause unique structural changes in rare earth doped fullerides. A pressure-

induced orientational transition associated with the change of bonding nature will be 

presented in the rare-earth doped fullerides Sm2.7C70 [3]. 

Finally, the high pressure behaviour of double walled carbon nanotubes 

(DWNT) is reported. A Raman experiment showed that the outer tubes act as a 

protection shield of pressure for the inner tubes, whereas the latter increase the 

structural stability of the outer tubes upon pressure application [4].   

 
[1] Y. Iwasa et al., Science 264, 1570 (1994).  

[2] Dam H. Chi et al., Phys. Rev. B 68, 153402 (2003). 

[3] Dam H. Chi et al., Phys. Rev. B 67, 094101 (2003) 

[4] J. Arvanitidis et al., Phys. Rev. B 71, 125404 (2005). 
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Iron sulfide (FeS) has attracted great interest in recent years because it is an

important material for the Earth and space science. Nanocrystalline FeS coated with

polyvinyl alcohol (PVA) is prepared from FeCl2 and Na2S aqueous solution via the

chemical precipitation synthesis process. We find that crystal structure of

nanocrystalline FeS prepared by this method is similar to the high-pressure phase of

its bulk materials at high pressure around 6 GPa. This phenomenon can be

explained by comparing the energetic height of nanocrystalline FeS in microcosmic

mechanisms with that of bulk material. And energetic height in transition pressure

was influenced by crystal size. This suggests that nanocrystalline FeS has a

metastable, high-energy structure.
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C60 is one of the most important member in the carbon family due to its unique 

structure. Linking nearest neighbor C60 in fcc lattice can lead to at least three 

polymerized crystal structures under high temperature and high pressure below 6 

GPa, including orthorhombic (linear-chain), tetragonal and rhombohedral structures. 

As a novel material, one dimensional nanometer scale C60 nanorod has been 

attracted much attention. Synthesis of high crystalline C60 nanorod with various 

structures is a challenging topic in this field. So far, there is no report on C60 nanorod 

under high pressure. 

In the present work, we report a simple solution- grown method for synthesis of 

C60 nanorod, characterized with AFM, TEM and Raman spectroscopy. The C60 

nanorods were then polymerized under high pressure. Nanorods deposited on Mo or 

glass substrates were loaded into the pressure cell and were treated at different high 

pressure and high temperature over 1h. Teflon pressure cell contained internal ovens 

and several thermocouples for temperature measurement and pressure calibrator. 

low-viscosity silicone oil was used as pressure medium to ensure hydrostatic 

conditions. High pressure treated samples were characterized by Raman 

spectroscopy and AFM. The results indicate that C60 nanorods survived from high 

-pressure treatment. At pressure of 1.5 GPa and temperature of 573 K, C60 nanorod 

forms an orthorhombic polymeric structure; At 2 GPa and 700 K, C60 nanorod forms 

an tetragonal polymeric structure.  

Acknowledgement: This work was supported financially by NSFC (No.10204010 

and NSAF No.10276016), RFDP (No.20020183050), Trans-Century Training Program 

Foundation for the Talents of MOE of China, Jilin province project and the Swedish 
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It has been well established that application of high pressure to C60 at elevated 

temperatures results in formation of one-dimensional (1D) and two-dimensional (2D) 

polymeric structures comprised of covalently bonded buckyballs [1]. Nevertheless, 

numerous attempts to polymerize the next simplest fullerene, C70, have generally been 

inconclusive and yielded only dimers (C140) [2,3] until the polymer was finally 

synthesized at hydrostatic pressure in the form of zig-zag chains [4]. Here we present 

the results of a wide range of experimental studies (Raman, FTIR and NMR 

spectroscopy, thermal conductivity, high resolution dilatometry) of C140 and 1D polymeric 

C70. We show that the type of nanostructure (dimers vs. chains) formed during 

polymerization of C70 at high pressure strongly depends on the structural state of the 

source material. In a separate set of experiments dedicated to study of the kinetics of 

de-polymerization of C140 and 1D polymeric C70, we revealed a tremendous difference in 

the relaxation times for the process in these systems which we tentatively associate with 

the difference in entropy change during de-polymerization. 
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Results of structure and mechanical properties studies (Raman, TEM, X-ray, 

NanoScan) of different nanocluster-based materials synthesized from single wall 

carbon nanotubes (SWNT) with mean tube diameters 0.7, 0.9 and 1.2 nm are 

presented. Samples of SWNT were compressed in shear diamond anvil cell (SDAC) 

up to pressure 65 GPa. In SDAC controlled shear deformation is applied to the 

sample under pressure by a rotation of one of the anvils around an axis of load. The 

application of shear deformation decreases the hysteresis of phase transformations 

and makes it possible to obtain a homogeneous phase. 

Two different types of phases have been studied. High-pressure phases synthesized 

at pressure above 35 GPa compose from cross-linked (by presumably sp3 bonds) 

nanometer-sized graphene flakes. The cross-linked flakes create nanoclusters with 

size correlated to nanotube diameter. The flakes could create both linear and onion-

like structures. The second type of phases synthesized at pressure 15 to 35 GPa are 

cross-linked nanotubes described earlier [1]. Pressure stability of nanotubes depends 

on nanotube diameter. Remarkable fact is that 1.2 nm diameter nanotubes still exist 

after pressure 40 GPa, while nanotubes of lesser diameter (0.7 and 0.9 nm) was not 

revealed in the samples structure after compressions (combined with shear 

deformation) to 35 GPa.  

All the phases synthesized from SWNT have extremely high hardness comparable or 

even harder then c-BN. In present study hardness was measured using NanoScan 

measurement equipment. Obtained hardness measurement results agree well to 

previous data obtained with Nanoindentation System [1]. 

[1] M. Popov, et. al. Physical Review B, 65, 033408. 
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Abstract 
 
Barium titanate (BaTiO3: BT) is one of the most extensively studied ferroelectric materials. It is 

well know that the successive phase transitions of BaTiO3 bulk crystal occur at three temperatures 
in the near 403K (Tc), 298K (T t-o) and 183K (To-r ). Above the Curie temperature, the structure of 
BaTiO3 is cubic and paraelectric. Below Tc, the structure is slightly distorted and three ferroelectric 
polymorphs appear continuously depending on temperature. It is generally observed that the 
phase transition temperature of BaTiO3 crystal strongly depends on its grain size, and the Tc shifts 
to lower temperature, the Tt-o and To-r to higher temperature with reducing grain size. Since it is 
difficult to process the nanocrystalline powders into high quality dense bulk products that retain the 
original nanocrystalline grain size, the crystal structure of nanocrystalline BaTiO3 ceramics is still a 
controversial topic. 

By applying pressure during sintering, high density ceramics can be fabricated due to the 
pressure induced increase of the densification driving force. On the other hand, the growth rate is 
dramatically reduced under high pressure because of the decrease of diffusivity with pressure. So 
high pressure sintering can be an optimal approach to obtain nanocrystalline ceramics. 

In this presentation, we report that high quality nano BaTiO3 bulk of high density and 
homogeneous grain size could be prepared from the 10nm BaTiO3 raw powder by using a 
specified high pressure sintering route, i.e. the three-step method. The obtained 28nm BaTiO3 
bulk retains original nanocrystalline grain size. X-ray diffraction pattern and Raman spectrum at 
various temperatures indicated that successive phase transitions certainly occurred in nano 
BaTiO3 ceramics.  

 
Key words: BaTiO3; High pressure; Nanocrystalline ceramics  
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A theoretical study on high-pressure shifts of the R  lines  
of Cr  ions in gallium garnets* +3

 
Yi-Yang Zhou 

Institute of Solid State Physics, Sichuan Normal University, Chengdu 610066, P R China 
 
    The ground state of Cr  ions in gallium garnet crystals is the  and the first excited state can be the 

 or the 

+3
2

4 A
2

4T E2  depending on the crystal-field strength [1]. There exist the theoretical difficulties of the 
high-pressure shifts of the R  lines ( E2 → 2

4 A  transition) of Cr  ions in several gallium garnets, such as 
Gd Sc Ga O 12 , Gd Ga 5 O 12 , La 3 Lu Ga 3 O 12  and so on [2]. From the standardized crystal-field theory, 
the energy of the 

+3

3 2 3 3 2

E2  level for this ion is as follows [3] 
DqBCBEE /8.105.39.7)( 22 −+≈  

where B and C are the Racah parameters and Dq the crystal-field parameter. Obviously, the increase of the 
crystal field strength (i.e., Dq), due to the increase of the pressure, should lead to an increase of the energy of the 

E2  level. However, the luminescence experiments for Cr  ions in above gallium garnets find that the 
measured 

+3

R  lines first increase, then level and finally decrease under pressure [2]. One assumes that it is due 
to an enhancement of the so-called nephelauxetic effect, which reduces the interelectronic repulsion described by 
B and C [2]. However, there is few of the quantitative study on this effect, to the best of my knowledge. 
    Recently a series of theoretical studies based on a molecular-orbital model well deals with the optical and 
magnetic experiments for Fe  and Cr  ions in semiconductors [4]. The molecular orbitals of the central 
transition metal ions in crystals are given by 

+2 +2

∑−=Ψ
j

ijijdiii N )( χλφ  

where diφ  and ijχ  are the d orbitals of the central transition-metal ion and the appropriate symmetry orbitals 
of the ligands, respectively, ijλ  the admixture coefficients,  the normalization constants being dependent 
on the distance 

iN
r  between central ion and ligands. And the B,C and Dq are accordingly as 

BNB ii
4= , , . CNC ii

4= DqNDq ii
2=

One should note that in this model, the parameters ,  and  are dependent on iB iC iDq r , i.e., not only 
 but also , and  should change with the increase of the pressure, and this change of iDq iB iC B  and C  

is just the nephelauxetic effect expectancy. Adopting this model, the presently theoretical results are in agreement 
with the luminescence experiments [2]. This shows that a molecular-orbital model can well deal with the 
luminescence properties of Cr  ions in gallium garnets, and the model seems to take into account the 
contribution from the nephelauxetic effect at a different angle. 

+3
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Stabilization under high oxygen pressures of unusual oxidation
states of transition metals in perovskite lattice:

a model for studying electronic phenomena through 
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High oxygen pressures is an important tool for stabilizing the highest oxidation states

of transition metal Mn+.

When the formal oxidation state n+ increases the energy level of the d orbitals of Mn+

decreases. Consequently the charge transfert phenomenon can take place

(Mn+ O⇔M(n-1)+OL, L being an electron hole on oxygen).

In the case of a anisotropic electronic configuration as high spin Fe4+  or low spin Ni3+

different electronic phenomena are induced: insulator→metal transition

( 16
2

16
2 *σggg tet → ), disproportionation (2Fe4+→Fe3++Fe5+)… 

Recent investigations underline that Mössbauer Spectroscopy can be a fruitful tool

for studying such phenomena.
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In this contribution, we present the results of a combined experimental and theoretical 

investigation aimed to determine equation of state parameters and phase stability 

thermodynamic boundaries of ZrSiO4 polymorphs. Experimental unit-cell data have been 

obtained for a powdered sample in a diamond-anvil cell using energy-dispersive 

synchrotron X-ray diffraction in the pressure range 0 – 47 GPa. Total energy calculations 

have been performed within the density functional theory at LDA and GGA levels using a 

plane wave-pseudopotential scheme. Our quantum-mechanical simulations explore the 

two observed tetragonal structures (zircon and scheelite) as well as other potential post-

scheelite phases. We find a very good agreement between our experimental and 

calculated pressure-volume values for the low-pressure phase of ZrSiO4 in terms of the 

bulk modulus and linear compressibilities. Our results also allow to clarify some of the 

discrepancies found in very recent theoretical and experimental studies. The zircon-

scheelite thermodynamic phase transition is computed around 5 GPa. No other post-

scheelite phase is found stable above this pressure though a decomposition into ZrO2 

(cottunite) and SiO2 (stishovite) is predicted at about 6 GPa. These two transition 

pressure values are well below the experimental ranges detected in the laboratory, 

which is in concordance with the large hysteresis associated with these transformations. 

Under a martensitic perspective, we examine both a low symmetry (monoclinic) unit cell 

and a direct I41/a pathway (due to the group-subgroup relationship between zircon and 

scheelite structures) to describe the transition phase mechanism. A preliminary 

evaluation of the Gibbs energy profile along these transition paths is also reported. 
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The model of anions in metallic matrices is a new interpretative tool of the structure

and bonding of inorganic crystals under both normal and extreme conditions. In this

model, the metallic sub-lattice of the solid plays an essential role as it is considered

to be the building block of the crystal, the formation and the positions of the anions in

the lattice being driven by the electronic and geometrical structure of the metallic

matrix. The crystalline bonding is described in terms of metallic atoms that transfer

their valence electrons to inter-metallic positions inducing the localization of the non-

metallic species and the subsequent formation of anions at those sites. The non-

metallic element localizes the electron density enhancing its value with respect to the

pure metal and, thus, the anions act as chemical pressure agents. The model

provides a rational explanation of the particular structures shown by crystalline solids

covering the limitations of the traditional view. Taking the metallic sub-lattices of AlX3

(X = F, Cl, OH) crystals as illustrative examples, we aim to provide a theoretical

interpretation of the model of anions in metallic matrices and, in particular, of the link

between chemical and hydrostatic pressures. To this end we have carried out

accurate quantum-mechanical calculations within the framework of the density

functional approximation, as implemented in standard solid state computational

packages. We present the results of: (i) energy-volume curves, (ii) pressure effects

on elastic constants, and (iii) analysis of the electron density within the formalism of

the atoms in molecules theory of both the pure lattices and the compounds.

Equations of state parameters and stability conditions are determined for cubic,

rhombohedral, hexagonal and monoclinic Al structures. The bonding features and the

electron charge localization in the Al lattices is discussed in relation with the positions

of the X atoms in AlX3  crystals. Overall, we found a successful application of the

model of anions in metallic matrices in these compounds.  
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First-principles study of the modulated structure 
of solid iodine in the phase-V

Kiichiro Mukose, Hitose Nagara, and Hiroshi Miyagi,

Grad. School of Engineering Sci., Osaka Univ., Toyonaka, Osaka 560-8531, Japan,

 e-mail: nagara@mp.es.osaka-u.ac.jp

A new phase (phase-V) found by Takemura et al.[1] in the pressure range from 23

GPa to 30 GPa  is studied through the phonon properties by means of the density

functional theory (DFT) with the pseudopotential and plane wave basis[2].

Experimentally, an incommensurately modulated structure of the FCO and the

pressure dependent modulation wave vector has been reported for this phase.  

Our phonon calculations show that the FCO iodine is unstable with respect to the

atomic displacements with a particular modulation wave vector in the pressure region

of the phase-V.   The amplitude of the modulation agrees well with the experiments.

The pressure dependence of the unstable modulation wave vector is also in

conformity with the experimental results. We find also that the similar instabilities

appear in solid bromine and chlorine under high pressure.  

-50

0

50

100

150

0 0.25 0.5

20.4 GPa

0.25 0.5

24.9 GPa

0.25

31.8 GPa

The phonon dispersion curves along kx-axis of iodine(1/cm)

Negative values denotes
imaginary frequencies.

[1] K. Takemura, K. Sato, H. Fujihisa, and M. Onoda, Nature 2003, 423, 971.

[2] We used the packaged codes “ABINIT” for band structure calculations: X. Gonze,

J. M. Beuken, R. Caracas, F. Detraux, M. Fuchs, G. M. Rignanese, L. Sindic, M.

Verstraete, G. Zerah, F. Jollet, et al., Comp. Mat. Sci. 2002, 25, 478.
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Pressure induced Superconductivity in Iodine

S. Uma Maheswari, H. Nagara, K. Kusakabe, M. Geshi, and N. Suzuki,

 Osaka University, Toyonaka, Osaka 560-8531, Japan

e-mail: geshi@mp.es.osaka-u.ac.jp

The superconducting transition temperature of Iodine in the FCC phase is calculated using

ab initio methods based on the density functional theory, in which the lattice dynamics is

carefully analyzed and some phonon softening is found near the Gamma point.(Fig. 1)   In

our study, we used the packaged codes FP-LMTO and ABINIT.  The calculated Tcs are much

higher than those reported earlier[1] and in the range of the experimental values[2].  The

higher Tc values in the present study partly comes from the soft phonon modes near the

Gamma point.(Fig.2) The pressure dependence of the Tc, however, still contradicts very

recent experimental results[3] in the pressure region from 68GPa to 111GPa.(Fig.3)
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Equation of state experiments using directly laser-driven terapascal 

shocks
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National Laboratory of High Power Laser and Physics, Shanghai Institute of Laser 

Plasma, P. O. Box 8229, Shanghai 201800, PRC  

Abstract

In this report, some studies about laser equation of state (EOS) have been 

presented, which were carried out on SG- facility recently. After the parameters of 

lens-array (LA) used in beam smoothing were optimized, which based on the character 

of the near-field distribution of SG- laser beam, the spatial uniformity of the output laser 

on the target surface became more and more better, and then a good planar shockwave 

in target could be formed, moreover the region of shock planarity was about 650~750 

µm. The wedged-target experiments indicated that the shockwave was steady enough 

during the target thickness range in which the shock velocity measured. On this base, 

the shock adiabat of copper and aluminum was measured experimentally with the 

targets of Al-Cu impedance-match and Cu-Al impedance-anti-match respectively. The 

targets consisting of a base, with steps of a known EOS material and of the materials of 

unknown EOS were irradiated by one beam ~300J, 0.53µm wavelength, 1ns 

near-trapezoid laser pulse from the SG-  facility. Optical streak camera monitored 

emission while shock breakout from the base and steps rear surface and shock 

velocities were calculated from the transit times across the known-height steps. The 

obtained data which the pressure were up to 2 TPa agreed with that got from chemical 

explosive, gas gun, and underground nuclear test, etc.  
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This work analyse the behaviour of several thermodynamic properties: the 

thermal expansion coefficient ( p), the isothermal compressibility ( T), the reduced 

bulk modulus (B), and the isobaric heat capacity (Cp), for a great number of liquids at 

high pressures. The thermodynamic behaviour of the liquid state is by far the most 

difficult to understand and to predict, due to the inherent complexity of this state of 

matter and the diversity of molecular interactions. More often than would be 

desirable, the pressure and temperature dependencies of the derived properties are 

imposed by the algebraic form of the equation of state (EOS), resulting in a severe 

lost of information contained in the original results. The analysis of EOS models in 

terms of derived properties such as p or T has interesting advantages, since both 

are related to the first derivatives of the (p,V,T) equation of state, and both can be 

accurately measured over wide ranges of pressure and temperature with several 

experimental techniques [1]. Recently, we have analysed the pressure behaviour of 

the p isotherms for a number of different liquids [2]. 

The aim of this work is therefore to analyse the behaviour of the 

thermophysical properties at high pressures for a number of liquids of different 

nature. The liquids included into our analysis have been selected to meet two criteria: 

1) available experimental data over wide ranges of pressure and temperature (from 

the melting point up to the critical point), and 2) liquids composed of molecules with 

different geometries and interactions. The obtained results provide us insight in 

developing equations of state models. 

[1] V. Tekác, I. Cibulka, R Holub, Fluid Phase Equilib. 1985, 19, 33-149. 

[2] M. Taravillo, V. G. Baonza, M. Cáceres, J. Núñez, J. Phys.: Condens. Matter 

2003, 15, 2979-2989. 
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  Recently, Occelli et al. [1] performed the accurate measurement of the equation 

of states (EOS) of Os to 75 GPa using angle-dispersive x-ray diffraction. A 

discontinuity in the first pressure derivative of the c/a ratio around 25 GPa was 

identified, signalling an electronic topological transition (ETT) in this pressure range. 

They suggested that the energy band of Os at high-symmetry L point might drop 

below to Fermi level, resulting in a topological singularity of Fermi surface, thus it is 

responsible for the observed ETT.

In this work, the EOS, electronic bandstructure, Fermi surface, and lattice 

dynamics of Os have been studied as a function of pressure by ab initio calculations. 

The current theoretical study reproduced successfully the experimentally observed 

anomaly in c/a ratio around 25 GPa. Analysis of the calculated results of the 

electronic bandstructure and Fermi surface with pressure, it was concluded that the 

energy band at high-symmetry L point doesn’t drop below to Fermi Level up to 80 

GPa under study. Therefore, we eliminated the L-point driven mechanism of this ETT 

proposed by Occelli et al. [1]. Lattice dynamical calculations showed that the phonon 

frequencies for optical and acoustic modes increased with increasing pressure. No 

softening phonons were observed in the pressure range around 25GPa, where ETT 

is expected to occur. A more detailed study is needed to further probe the 

mechanism of the ETT in Os.  

References:
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The pressure dependence of the superconducting transition temperature TC of 

vanadium (V) has been investigated in several works. Ishizuka et al [1] observed

characteristic behavior of TC. The value of TC is 5.3 K at atmospheric pressure and 

linearly increases with pressure. It reaches 17.2 K at 120 GPa. With further increase 

in pressure from 120 to 150 GPa, TC approaches a constant value [1]. The crystal 

structure of V is reported to be bcc from ambient pressure up to 150 GPa [2]. 

First-principles calculation predicts a structural transition around the pressure [3]. 

In order to study the structural stability of the bcc phase at ultrahigh pressures, we 

have performed angle-dispersive powder x-ray diffraction experiments up to 214 GPa 

at room temperature at the Photon Factory, KEK. Helium was used as a pressure 

medium up to 60 GPa.  Pressures were determined on the basis of the ruby pressure 

scale.  For pressures above 100 GPa no pressure medium was used.  Pressures 

were determined by the equation of state of Pt in this case.  

The bcc phase was stable up to 214 GPa without any transition. The bulk modulus 

and its pressure derivative were obtained by fitting the present data to the 

Birch-Murnaghan equation of state. We will discuss the comparison of the equation of 

state for the same group element niobium.   

[1] M. Ishizuka et al., Phys. Rev. B 61, R3823 (2002). 

[2] K. Takemura, in Sci. Technol. High Pressure (Proceedings of AIRAPT-17) p.443

(2000).

[3] N. Suzuki and M. Otani, J. Phys.: Condens. Matter 14 10869 (2002). 
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We have investigated the pressure dependence of mechanical properties

of some diluted magnetic semiconductors. Under high pressure, these systems

undergo a structural phase transformations from its original rocksalt (B1) type

phase to the most stable CsCl (B2) type structure. For the present investigation,

a Three Body potential (TBP) approach [1], consists of long range modified

Coulomb and three body forces and short range van der Waals and Hafmeister

Flygare type overlap repulsive interactions, has been. In the present study the

effect of van der Waals as well as three body forces have been analysed

separately, which shows that the variations of second order elastic constants [2]

C11 and C12 as a function of pressure shows almost similar trend where as C44

opposite to them. The role of Mn on variations of C11, C12 and C44 has also

been observed before and after the phase transitions. 

Reference:

[1] R. K. Singh, Physics Reports (Nether land) 1982, 85, 259-403.

[2] R. A. Mayanovic, R. J. Sladek, and U. Debska, Phys. Rev. 1998, B 38, 1311–
1315
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Bulk modulus of Os by experiments and first-principles calculations
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Cynn et al. [1] performed powder x-ray diffraction experiments on osmium, and

reported that the bulk modulus of Os is 462 GPa, exceeding the value for diamond

(443 GPa). Since such a high value of bulk modulus is uncommon for metals, the

report stimulated further experimental and theoretical studies. Takemura [2] carried

out powder x-ray diffraction experiments on Os by using a helium pressure medium,

which offers excellent quasihydrostatic conditions. By fitting the Birch-Murnaghan

equation of state to the pressure-volume data, the bulk modulus of Os was

determined to be 395(15) GPa, which is smaller than that for diamond [2]. It should

be noted that Cynn et al. used argon as a pressure medium, which is known to

develop sizable nonhydrostatic stress at high pressures. Independent powder x-ray

diffraction experiments by Occelli et al. [3], also with the He-pressure medium, gave a

value of 411(6) GPa, similar to the result by Takemura.

Early first-principles calculation by Joshi et al. [4] yielded comparable values of

bulk modulus both for Os and diamond. More recent calculation by Hebbache and

Zemzemi [5], on the other hand, suggests that the bulk modulus for Os is larger than

that for diamond, at least at small compression. We have computed electronic

structures of Os by FLAPW method. We compare calculated bulk modulus with all

the experimental and theoretical ones, and discuss how we can understand the

discrepancy.

[1] H. Cynn, J. E. Klepeis, C.-S. Yoo, and D. A. Young, Phys. Rev. Lett. 88, 135701

(2002).

[2] K. Takemura, Phys. Rev. B 70, 012101 (2004).

[3] F. Occelli, et al. Phys. Rev. Lett. 93, 095502 (2004).

[4] K. D. Joshi, G. Jyoti, and S. C. Gupta, High Press. Res. 23, 403 (2003).

[5] M. Hebbache and M. Zemzemi, Phys. Rev. B 70, 224107 (2004).
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Effects of Pressure on the Electronic Spectra of Cyano-

anthracene and related  molecules 

 M. Zgierski1, S. Patchkovskii1, V.A. Pomogaev1, J. S. Tse1,2 , D.D. Klug1
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  This theoretical study investigates the effect of pressure on 4-(10-cyano-9-
anthracenylmethyl)-N, N-dimethylanaline and similar molecules to understand
how electron transfer processes can be modified under extreme conditions.  The
current study combines classical molecular dynamics simulations with quantum
calculations to characterize the role of charge transfer and electronic level
crossings that can be induced by application of pressure. Molecular dynamics is
used to predict the change of molecular conformation defined by the change of
the angle between the cyano group and the carbon atom on the anthracene
component. The pressure effect on charge transfer states is also predicted for
this set of molecules.  
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Polymorphous and superconductive transitions in solids tape place in the finite interval of

temperature and pressure. In a region of transformation at a fixation of external conditions there

is quickly established the stable metastable state, where both phase co-exist and the substance

may be considered as two component system. A variant of approximation of the effective

medium is used for mathematic description of phase transitions according to data for kinetic

coefficients (an application of this method is possible far from the percolation threshold) and

percolation theory, which in asymptotically precise. One supposes the coefficients taking into

account a configuration of dielectric (low conductive) phase 1 and metallic (high conductive)

phase 2, are different for different phase and depend upon a transformation degree. There is used

the threshold value c=0.17, at which an infinitely extended region of the space is appeared to be

available for infinite movement of charge carriers and critical exponents of electrical

conductivity t=1.7,  is relative volume fraction of phase 2. It is obtained correlations

correspondingly bound effective values of the specific resistance , thermal conductivity ,

thermal electric power Q from  and relations of kinetic coefficients in low and high conductive

phases. The relative volume fractions of phases, effective value c at = c, critical index t for

0< 2/ 1 1 are estimated. In particular, on the dielectric side c/ 1 0.22  at 0 2/ 1<0.1. The

pressure P=Pc, where = c, is offered to define as a pressure the phase transition. There are

analyzed the experimental data for dependency of electrical and thermal conductivity, and

thermal electric power in high temperature superconductors (HTSC) YBa2Cu3Ox and in

semiconductors n-InAs and n-GaAs in the transformation region. A phase composition is

calculated in HTSC on temperature dependence (T) below the critical temperature, where

=Q=0. The volume fraction of superconductive phase increases in the neighborhood of

transition threshold by 10  at pressure rise from atmospheric to 1 GPa and

dTc/dP=0.3 K/GPa).

Acknowledgement. This research was carried out under financial support from the Russia

Foundation for Basic Research (grant 05-02-16608).
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Molecular dynamic simulation program has been developed which can be used to 

model the static and dynamic properties of molecular nitrogen (N2) under high 

pressure. The dynamics of the N2 molecules accounts precisely both translational 

and rotational degrees of freedom. The rotational motion of the N2 molecule is 

approximated assuming constant moment of inertia of the nitrogen molecule. 

The program fully accounts anisotropic N2-N2 interaction potential. N2-N2 interaction 

potential has been based on the results of high precision Hartree-Fock ab initio 

quantum mechanical calculations of van der Avoird et al [1]. The seven parameter 

potential form, fully accounting rotational symmetry of the N2-N2, using 6-j Wigner 

symbol, thus preserving full rotational symmetry of the system, was used [1].  

Various numerical algorithms were tested, with respect to energy preservation during 

the simulation. It has been shown that Verlet algorithm was not preserving the energy 

for the standard timestep, equal 5 *10-16 s. Runge-Kutta fourth order method was 

able to preserve the energy within 10-4 relative error, but it requires calculation of the 

force four time for the timestep and therefore it is inefficient. A predictor-corrector 

method of the 4th order was found to be efficient and precise [2] and was therefore 

adopted for the simulation of the molecular nitrogen properties at high pressure. 

References:  
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Ab initio calculations of a new phase of Fe5Si3 with the structure of
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Iron silicides have interest because its promising optoelectronic applications.

From a geological point of view  they have also interest because they are considered as

important components of the outer core. Finally, from a crystallochemical point of view,

these phases have interest because some of them produce oxides in which the Fe:Si

stoichiometry is maintained. This is the case of Fe5Si3 which, by oxidation, produces the

garnet Fe5Si3O12 whose Fe5Si3 subarray differs from that of the alloy itself. As in some

cases, the cation array of the oxides reproduces the structure of high pressure phases of

the alloy [1-3], it may be possible that at high pressure, the Fe5Si3 alloy could undergo a

phase transition to a structure, which may reproduce that of the cation array in the

garnet. Previous experimental studies up to 30 GPa showed no structural change [4].

For this reason we have undertaken the present theoretical study, to see whether the the

structure of the cation array in the garnet might be a stable one for the Fe5Si3 alloy. 

The study has been carried out theoretically by means of ab initio total energy

calculations in the framework of the density functional theory, (DFT). The theoretical

results reproduce very well the structural parameters and the equation of state (EOS) of

the low pressure phase. We also study the relative stability of different structures

candidates to the high pressure phase. The results presented here indicate that this is a

plausible structure for the high pressure phase of iron silicide and provide a new

example of the equivalence between oxidation and pressure.

[1] L.A. Martínez-Cruz, A. Ramos-Gallardo, A. Vegas. J. Solid State Chem. 110 (1994)

397.

[2] A. Vegas, M. Jansen. Acta Cryst. Section B 58 (2002) 38.

[3] A. Vegas, A. Grzechnik, K. Syassen, M. Hnfland, M. Jansen. Acta Cryst. Section B

57 (2001) 151.

[4] D. Santamaría-Pérez, J. Nuss, J. Haines, M. Jansen, A. Vegas.  Solid State Scie. 6

(2004) 673.
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A thermodynamically complete model of semiempirical equation of state for matter

with taking into account the polymorphic phase transformations, melting, evaporation,

dissociation and ionization effects is proposed. Equation of state for water is con-

structed on the basis of the model developed, and calculations of thermodynamic

characteristics of the ice, water and steam phases over a wide range of temperatures

and pressures are carried out. The critical analysis of calculated results in compari-

son with a set of available static and shock-wave experimental data is made. The

resulting multi-phase equation of state in a tabular form can be employed effectively

in numerical simulations of hydrodynamic processes in matter under extreme condi-

tions of high pressures and temperatures.
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An Am IV type structure in plutonium at high pressure 

S.K. Sikka 

Office of the Principal Scientific Adviser to Government of India 

Vigyan Bhawan Annexe, Maulana Azad Road, New Delhi – 110 011, INDIA 

The ambient temperature -phase of plutonium metal has a monoclinic structure with 16 

atoms in a cell of space group P21/m. On heating to its melting point of 913 K, it exhibits 

five more phases. However, under high pressure, only one phase transition has been 

reported in literature. Akela et al alluded to a monoclinic to hcp transition under pressure 

in a publication in 1988 [High Pressure Res.1 (1988) 91]. However, Dabos et al [J.Alloys 

Compd.190 (1993) 237], in a study up to 62 GPa, showed that  – Pu transforms at 37 

GPa to a hexagonal structure in space group P63/m with Z=8.But the total energy 

calculations, using the full-potential linearized-augmented-plane-wave (FPLAPW) 

method by Penicaud [J.Phys:Codens.Matter 14 (2002) 3575], show that the total energy 

of this phase is always higher than that of the -phase  and  instead suggests under 

pressure a sequence:  - Pu  Am IV   bcc. Am IV is a four atom distorted  – U 

structure occurring in elemental Am at 16 GPa. I have reinterpret the data of Dabos et al 

and find that indeed  Am IV (Pnma) cell is the correct structural description for the high 

pressure phase in Pu The structures of both  the high pressure Am IV type phase and  

-Pu ,the 0.1 MPa phase, are shown to have a distorted hcp topology along their b-axis 

and only small movements of atom will be needed to bring about the transformation 

between the two structures.  The upturn in the atomic volume of Pu at 0.1 MPa can also 

be rationalized on the basis of this proposal 
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We have theoretically explored the structure of the intermediate phase of

phosphorus P-IV, which is the most stable in the pressure range from 107 to 137

GPa [1], by using the first-principles metadynamics simulation [2,3]. In spite of the

small simulation cell, we obtained a new structure at 120 GPa starting from the

simple cubic structure. We performed a simulation determining the X-ray diffraction

pattern of the obtained structure, for which relative positions of large peaks of roughly

accord with those of experimental result. (Fig. 1) 

(a) (b)

Fig. 1. The comparison of (a) experimental x-ray diffraction patterns [1] for the 

simple cubic structure (SC) and the structure of the phase P-IV (Post-SC phase) 

with (b) simulational x-ray diffraction patterns (RIETAN2000) for SC and the 

new structure. 
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Fig. 1. The comparison of (a) experimental x-ray diffraction patterns [1] for the 

simple cubic structure (SC) and the structure of the phase P-IV (Post-SC phase) 

with (b) simulational x-ray diffraction patterns (RIETAN2000) for SC and the 

new structure. 
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[1] Y. Akahama, M. Kobayashi, and H. Kawamura, Phys. Rev. B 59, 8520 (1999).

[2] R. Martonak, A. Laio, and M. Parrinello, Phys. Rev. lett. 90, 75503 (2003).

[3] A. Laio and M. Parrinello, Proc. Natl. Acad. Sci. U.S.A. 99, 12562 (2002).
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Hugoniot Anomaly in ZnS  : A Theoretical Study

G.Jyoti (gjyoti@apsara.barc.ernet.in), K.D. Joshi and Satish C Gupta 

Applied Physics Division, Bhabha Atomic Research  Centre,

Trombay, Mumbai,  400085, INDIA.

In dynamic high pressure measurements upto 135 GPa, Uchino et al. (J.Phys.

Chem. Solids 60, 827, 1999) observe anomaly in the Hugoniot behaviour of ZnS

between 75 to 99 GPa and associate it with melting and decomposition. In their static

high pressure study upto 96 GPa, Desgreniers et al. (Phy.Rev.B 61, 8726, 2000),

report the existence of diffraction lines apart from those of rocksalt structure from 65

GPa onwards, after the initial structural transition from zinc blende (B3) to rock salt

(B1) structure in ZnS. Emergence of prominent peaks corresponding to Cmcm

structure were observed at 96 GPa, however, the authors could not estimate the

atomic positions of the Cmcm phase due to lack of sufficient data.  

          In the present study we have analysed the cause of this anomaly in the

Hugoniot of ZnS using FP-LAPW method within Generalised Gradient Approx. Also,

analysed is the stability of its various phases and computed the amount of distortion

in the cell and atomic positions of rocksalt phase leading to Cmcm phase, at 96 GPa.

We find the B3 to B1 phase change around 16 GPa in agreement with recent

pseudopotential calculations of  Lopez-solano et al ( Phys. Stat. Sol. (b), 235, 452,

(2003)) and Qteish and Munoz (Phys. Stat. Sol. (b), 223, 417(2001)), and various

experimental studies.  Our calculations at 96 GPa for the Cmcm phase at various

values of b/a and fractional co-ordinates show that  the energy of the Cmcm phase

with b/a = 1.015 and atomic positions  (0, 0.7 (Zn), 0.25) and (0, 0.2 (S), 0.25) is

minimum and is even lower than that of the rocksalt phase, in agreement with

Desgreniers et al. The value of K0 (K0 ‘) for the B3 and B1 phase is determined to be

71.26 (4.32) and 87.17GPa (4.32), respectively. 

Our temperature estimate from the calculated P-V isotherm and the Gruinesen

‘  ’ derived from it, is around 4350K at 75 GPa. Moreover, from the pseudopotential

calculation of Lopez-solano et al, there is no discernible change in the curvature of

P-V curve around B1 to Cmcm phase change, implying  hugoniot anomaly may not

be associated with structural transition. Hence, we agree with Uchino et. al. that the

shock anomaly in ZnS (Tm = 2100) above 75 GPa could be due to melting and/ or

decomposition under shock conditions.
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Ab initio Total Energy and Phonon Calculations of hcp Co up to 250 GPa

Pressure

P. Modak, A.K. Verma, and B. K. Godwal

High Pressure Physics Division, Bhabha Atomic Research Centre,

Trombay, Mumbai-400085, India

Cobalt being the metal following iron in the periodic table, is potentially important for the

properties of the earth’s core which is believed to be composed of iron dominated alloys.

Goncharov et al1 have recently studied the elastic and vibrational properties of Co up to 120 GPa

and found that under pressure the elastic properties of hcp Co depart from the normal behavior

well below (80 GPa) the transition pressure (105-150 GPa) for hcp to fcc phase. They also found

an abnormal decrease in the E2g mode frequency, which suggests the approach of a lattice

instability due to the collapse of the magnetic moment. We have carried out total energy and

phonon frequency calculations of hcp Co under pressure using pseudopotential based Plane

Wave Self-Consistent Field (PWSCF)2 programs. For the exchange-correlation terms we have

used generalized gradient approximation. We have optimized the hcp structure both with respect

to volume and c/a. For higher compressions we kept c/a constant. 

            Our calculated equilibrium properties of hcp-Co are in good agreement with the available

experimental results. We found that hcp to fcc transition pressure is around 125 GPa compared to

experimental pressure range of 105 to 150 GPa3. Our calculations show that the hcp magnetic

moment falls with pressure and around 100 GPa, the rate of fall increases, whereas for fcc phase

it decreases slowly up to 100 GPa and then suddenly falls to zero. Our calculated E2g phonon

frequency at ambient pressure of 141.5 cm-1 compares well with the experimental1 value of 132

cm-1. We have found that the frequency of the E2g mode increases linearly with pressure. However

the slope of the variation changes discontinuously near 80 GPa. Thus we have theoretically

verified that the observed lattice instability at high pressure, well below the pressure range of hcp

to fcc phase transition, is due to the onset of more rapid magnetic collapse at high pressure. 

References:

1) A. F. Goncharov et. al., Phys. Rev. Lett. 92, 115502 (2004).

2) S. Baroni et. al., Rev. Mod. Phys. 73, 515 (2001).

3) C. S. Yoo et. al., Phys. Rev. Lett. 84,4132 (2000).
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Shock-wave Reduced High Pressure

Equations of State of Al, Cu, Ta, and W

Akobuije D. Chijioke, W. J. Nellis, and Isaac F. Silvera

Lyman Laboratory of Physics, Harvard University, Cambridge MA, 02138

We have generated 300-K isotherms to pressures as high as 300 GPa for Al, Cu,

Ta, and W. Hugoniot data were reduced to isotherms using calculated thermal

pressures from Wang et al.1 For these four metals, available experimental

results permitted corrections of Hugoniot data for shock-induced strength as a

function of shock pressure. This is the first time that such corrections have been

made for isotherms and so the isotherms better correspond to hydrostatic

conditions. The isotherms are presented in the Vinet form along with isotherms

for Mo and Au and Pt. These isotherms can be used for performing calibrations

of pressure scales using the x-ray marker method and have been utilized in a

recent improved determination of the ruby pressure scale.

This research was supported by NSF grant No. DMR-9971326.

1 Y. Wang, R. Ahuja, and B. Johansson, J. Appl. Phys. 92, 6616-6620
(2002).
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High Pressure Effects on the Crystal and Magnetic Structure of

Pr1-xNaxMnO3 Manganites (x = 0.2, 0.25)

B.N.Savenko1, D.P.Kozlenko1, Z.Jirák2, V.P.Glazkov3 and I.N.Goncharenko4

1 Frank Laboratory of Neutron Physics, JINR, 141980 Dubna Moscow Reg., Russia

2 Institute of Physics, ASCR, Cukrovarnická 10, 162 53 Prague 6, Czech Republic

3 Russian Research Center “Kurchatov Institute”, 123182 Moscow, Russia

4 Laboratoire Léon Brillouin, CEA-CNRS, CE Saclay, 91191 Gif-sur-Yvette, France

E-mail: savenko@nf.jinr.ru

The crystal and magnetic structures of manganites Pr1-xNaxMnO3 (x = 0.2,

0.25) have been studied by means of neutron diffraction at high pressures up to 8.5

GPa in the temperature range 4 – 300 K. At ambient conditions these compounds

have an orthorhombic structure (sp. gr. Pnma) and undergo a charge ordering below

TCO ~ 220 K followed by an onset of the pseudo-CE type antiferromagnetic (AFM)

state below TN ~ 170 K. This state has two magnetic sublattices formed by ordered

Mn3+ and Mn4+ ions corresponding to propagation vectors q1 = (0 0 ½) and q2 = (½ 0

½). In addition to the majority pseudo-CE type AFM phase, in Pr0.8Na0.2MnO3 there is

about 10 % of the ferromagnetic (FM) clusters forming charge-disordered spin-glass

regions. The formation of the FM clusters is largely suppressed in the sample

Pr0.75Na0.25MnO3.

Under high pressure P  2.6 GPa, in both Pr0.8Na0.2MnO3 and

Pr0.75Na0.25MnO3 a suppression of the initial charge ordered pseudo-CE type AFM

and the onset of the layered A-type AFM state with a propagation vector q = (0 1 0)

was observed [1]. In Pr0.8Na0.2MnO3 the magnetic moments are oriented within the

[0 1 0] crystallographic planes and in the Pr0.8Na0.2MnO3 they are slightly inclined

towards the b-axis. The possible reason for stabilization of the A-type AFM phase is

the compression anisotropy which leads to the apical contraction of MnO6 octahedra

under high pressure and creates favorable conditions for appearance of the d(x2-y2)

orbital polarization, prerequisite for the A-type AFM order. The work has been

supported by the Russian Foundation for Basic Research, grant 03-02-16879.

[1] D.P.Kozlenko, Z.Jirák et al., J. Phys.: Condens. Matter 2004, 16, 5883.
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High Pressure Effects on the Crystal and Magnetic Structures 

of La0.7Sr0.3CoO3

N.O.Golosova1, D.P.Kozlenko1, B.N.Savenko1, S.E.Kichanov1,

V.P.Glazkov2 and V.I.Voronin3

1 Frank Laboratory of Neutron Physics, JINR, 141980 Dubna Moscow Reg., Russia

2 Russian Research Center “Kurchatov Institute”, 123182 Moscow, Russia

3 Institute for Metal Physics, Ural Branch of RAS, 620219 Yekaterinburg, Russia

E-mail: golosova@nf.jinr.ru

The magnetic, transport and electronic properties of cobaltites La1-xSrxCoO3

have been extensively studied with a growing interest from 1950s until now [1, 2]. At

ambient pressure, a parent compound LaCoO3 is a nonmagnetic semiconductor at

low temperature and undergoes a phase transition to a paramagnetic insulating state

near 100 K and paramagnetic metallic state at about 500 K. These transitions are

usually related to a change of the Co3+ spin state from a low spin (LS) state (t62g,

S = 0) to intermediate spin (IS) state (t52ge
1
g, S = 1) and from IS to high spin (HS)

state (t42ge
2
g, S = 2), respectively. Partial substitution of La3+ by Sr2+ leads to the

appearance of ferromagnetic metallic state in La1-xSrxCoO3 for x > 0.18. Recent

investigations of the magnetization, susceptibility and resistivity of LaCoO3 [1] and

La0.82Sr0.18CoO3 [2] indicate the suppression of the IS state and stabilization of the LS

state of Co3+ ions under high pressure. 

In order to study the crystal and magnetic structures and the stability of

different spin states of Co3+ ions in La0.7Sr0.3CoO3 at high pressure, neutron

diffraction measurements were performed in the 0 – 4 GPa pressure range and

16 - 300 K temperature range. The crystal structure of La0.7Sr0.3CoO3 remains

rhombohedral (sp. gr. R-3c) over the studied pressure range. The Curie temperature

decreases with increasing pressure from TC = 200 K (P = 0 GPa) with

dTC/dP = -6 K/GPa indicating the suppression of the IS state of Co3+ ions. The Co-O

bond length decreases nearly linearly and the Co-O-Co bond angle increases with a

pressure increase. 

[1] K.Asai, A.Yoneda, O.Yokokura et al., J. Phys. Soc. Jpn. 1998, 67, 290.

[2] R.Lengsdorf, M.Ait-Tahar, S.S.Saxena et al., Phys. Rev. B 2004, 69, 140403.
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Doping and pressure dependence of the optical properties of quasi-

one-dimensional LaTiO3.4

C. A. Kuntscher, Universität Stuttgart, Stuttgart, Germany, kuntscher@pi1.physik.uni-

stuttgart.de

K. Thirunavukkuarasu and S. Frank, Universität Stuttgart, Stuttgart, Germany 

I. Loa and K. Syassen, Max-Planck-Institut für Festkörperforschung, Stuttgart, 

Germany 

F. Lichtenberg, Universität Augsburg, Augsburg, Germany 

The perovskite-related compound LaTiO3.4 shows a quasi-one-dimensional metallic 

character, which can be explained by its crystal structure consisting of chains of TiO6

octahedra [1,2]. Based on temperature-dependent optical studies, a conduction 

mechanism involving polaronic quasiparticles was recently suggested [2].  

To clarify the importance of polarons in LaTiO3.4 polarization-dependent infrared 

reflectivity measurements were carried out as a function of doping and pressure. 

Besides the conduction mechanism, the issues of pressure-induced dimensional 

crossover and pressure dependence of phonon modes will be discussed. 

[1] F. Lichtenberg et al. (2001), Prog. Solid State Chem. 29, 1. 

[2] C. A. Kuntscher et al. (2003), Phys. Rev. B 67, 035105. 
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Electronic effects in Hg1-xCdxSe single crystals in vicinity of phase 

transition under hydrostatic pressure up to 2 GPa 

Vladimir V. Shchennikov*, Sergey V. Ovsyannikov, High Pressure Group, Institute of 

Metal Physics of Russian Academy of Sciences, Urals Division,18 S.Kovalevskaya 

Str., GSP- 170, Yekaterinburg 620219, RUSSIA, *e-mail: vladimir.v@imp.uran.ru 

In the present work the (i) thermoelectric, (ii) galvanomagnetic – GM and (iii) 

thermomagnetic – TM (longitudinal and transverse Nernst-Ettingshausen) effects 

were investigated in single crystals of gapless semiconductors Hg1-xCdxSe (x=0, 

0.03, 0.07) at hydrostatic pressure conditions up to 2 GPa (Fig). The TM as well as 

their pressure behavior are known to be preferable in compare with GM ones for 

analysis of electron structure and charge carriers scattering mechanisms [1]. 

HgSe underwent the structural 

phase transition into the widegap 

semiconductor cinnabar phase at 

relatively low pressure P=0.8 GPa 

[2]. Cd-substitution in cation 

sublattice increases greatly stability 

of initial zinc blende lattice and 

shifts the phase transformation into 

cinnabar structure to higher 

pressures [3]. For ternary Hg1-

xCdxSe compounds the values of 

concentration, mobility and scattering parameters of charge carriers have been 

obtained and analyzed from the above effects up to phase transition points 1.4–1.7 

GPa. The work was supported by the RFBR – Gr. No. 04-02-16178, and by the 

INTAS (Ref. Nr. 03-55-629).

[1] I.M. Tsidil'kovskii. Thermomagnetic phenomena in semiconductors, State Publ. of 

Phys.- Math. Lit, Moscow, 1960; K. Seeger. Semiconductor Physics. Springer-

Verlag, Wien-N.Y., 1973; M.M. Aksel’rod, et al. pss (b) 1968, 27, 249-254.

[2] N.G. Gluzman, V.V. Shchennikov. Sov. Phys. Solid State 1979, 21, 1844-1148. 

[3] V.V. Shchennikov, et al. Sov. Phys. Solid State 1980, 22, 1676-1679. 

Fig. 1. Dependencies of transverse Nernst-
Ettingshausen effect in Hg1-xCdxSe (x=0.03) on 
magnetic field B at different pressures, GPa: 1 – 
0.04, 2  –0.216, 3 – 0.535, 4 – 0.858, 5 – 1.28.
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High-pressure thermopowers of ZnTe, ZnSe and ZnS single crystals 

Vladimir V. Shchennikov*, Sergey V. Ovsyannikov 

 High Pressure Group, Institute of Metal Physics of Russian Academy of Sciences, 

Urals Division,18 S.Kovalevskaya Str., GSP- 170, Yekaterinburg 620219, RUSSIA, 

*e-mail: vladimir.v@imp.uran.ru 

In the present work the thermoelectric power (Seebeck coefficient) S and electrical 

resistance R were investigated in ZnTe single crystals in pressure P range of 0-20 

GPa. By the R(P) dependencies the phase transitions in ZnTe [1] (zinc blende 

cinnabar Cmcm) were observed. At the S(P) dependencies of ZnTe the anomaly 

drops were observed both at increasing and at decreasing pressure circles. So, 

thermopower´s sign even changed during the return circle (see figure below). The 

observing anomalies is related by authors to a transition in intermediate phase, 

probable with NaCl lattice. A comparison with investigated earlier high-pressure 

thermopowers of other zinc chalcogenides (ZnSe, ZnS) [2] was performed. 

Fig. 3. The “drops” of 
thermopower S for ZnTe at 
T=295 K in enlarged scale 
obtained at decreasing of 
pressure P for samples 1 
(1, 2) and 2 (3, 4, 5, 6). The 
decreasing cycles were 
started from different 
values of pressure (11-21 
GPa), that resulted in 
variation of S drops. At the 
insert the similar S
peculiarities are shown for 
sample 1 at consequent 
cycles (1, 2, 3) of P
increasing (big) and 
decreasing (small 
symbols).

The work was supported by the Russian Foundation for Basic Research (Gr. No. 04-

02-16178) and by the INTAS (Ref. Nr. 03-55-629). 

[1] A. Ohtani, M. Motobayashi, A. Onodera, Phys. Lett. 75A (1980) 435. 

[2] V.V. Shchennikov, Rasplavy, 2 (1988) 33.
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Thermoelectric properties of Ce at ultrahigh pressure 

Sergey V. Ovsyannikov*, Vladimir V. Shchennikov, Boris N. Goshchitskii 

 High Pressure Group, Institute of Metal Physics of Russian Academy of Sciences, 

Urals Division,18 S.Kovalevskaya Str., GSP- 170, Yekaterinburg 620219, RUSSIA, 

*e-mail: sergey_v_o@imp.uran.ru 

In the present work for the first time the thermoelectric power S of Ce have been 

studied in a pressure P range 0-20 GPa. The study has revealed a non-monotonic 

character of S(P) reflecting changes in electron structure both due to phase 

transitions above  ~ 1, ~ 5 and ~ 12 GPa from fcc ( ) into modified fcc structure ( ),

bcc monoclinic ( ) and tetragonal phases ( ), respectively and also due to the 

electron bands moving in the phase stability regions. The thermopower’s sign kept 

positive for whole pressure range studied. The dependence of S(P) obtained is 

compared with the published electron structrure calsulations for different phases of 

Ce [1]. It has been shown an advantage of the thermopower technique in comparison 

with resistivity one in studies of phase transitions and electron structure of high-

pressure phases of materials like Ce with complicated electron structure, where s-, d-

, and f- electron bands contribute in total conductivity.

The work was supported by the INTAS (Nr. 03-55-629) and RFBR (Gr. No. 04-02-

16178).

[1] P. Ravindran, L. Nordstrom, R. Ahuja, J.M. Wills, B. Johansson, O. Eriksson, 

Phys. Rev. B 1998, 57, 2091. 
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Thermoelectric properties of narrow-gap PbTe-based 

semiconductors in region of pressure-induced phase transition 

Sergey V. Ovsyannikov*, Vladimir V. Shchennikov, Vera G. Guk1

 High Pressure Group, Institute of Metal Physics of Russian Academy of Sciences, 

Urals Division,18 S.Kovalevskaya Str., GSP- 170, Yekaterinburg 620219, RUSSIA, 

*e-mail: sergey_v_o@imp.uran.ru 

1Urals State Technical University, 19 Mira Str, 620002, Yekaterinburg, RUSSIA 

Narrow-gap semiconductor PbTe being the best thermoelectric material in a region of 

average temperatures (600-1000 K). High-pressure thermopower S(P) of n-type

PbTe has been recently established [1] in a pressure range up to 30 GPa. But 

behaviour of S(P) for p-PbTe as well as influence of impurities of different Groups 

were unknown up to now. So, in the present work a high-pressure behaviour was 

investigated of thermoelectric and electric properties of p-PbTe-based compounds 

(see figure).

Fig. 1. The dependencies of 
thermopower (Seebeck coefficient) 
on pressure obtained at T=293 K 
for single crystals of: 1 – Pb1-xSixTe
(x=0.00005), 2 – Pb1-xGaxTe
(x=0.001), 3 – Pb1-xSnxTe1-y

(x=0.285, y=0.182): Si ~ 10
-3

 at. %, 
4 – Pb1-yTe (y=0.182): Si ~ 10

-3
 at. 

%, 5 – Pb1-xSnxTe (x=0.29), 6 –
Pb1-xMnxTe (x=0.05), 7 – PbTe1-y

(y=0.182), and 8 – n-PbTe poly-
crystal. The insert shows the 
dependencies of thermoelectric 

voltage U on thermal difference T
at the same samples, 9 – Pb1-

xSnxTe1-y (x=0.285, y=0.182).

The work was supported by the RFBR – Gr. No. 04-02-16178, US CRDF – Gr. 

No. TGP-1125, and by the INTAS – Ref. Nr. 03-55-629.

 [1] V.V. Shchennikov, S.V. Ovsyannikov, et al. Phys. Sol. State, 2002, 44, 1845-

1848; S.V. Ovsyannikov, V.V. Shchennikov, et al. pss (b), 2003, 235, 521-525. 
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High-pressure thermopower of Si wafers suffered to hydrogen implantation

Sergey V. Ovsyannikov1*, Vladimir V. Shchennikov1, Irina V. Antonova2, Vsevolod V. 

Shchennikov Jr3, Sergey N. Shamin1

1Institute of Metal Physics of RAS, Urals Division,18 S.Kovalevskaya Str., GSP- 170, 

Yekaterinburg 620219, RUSSIA, *e-mail: sergey_v_o@imp.uran.ru 

2Institute of Semiconductor Physics of  Russian Academy of Sciences, Siberian 

Division, 13 Lavrentyeva Av., Novosibirsk, Russia 

3Institute of Engineering Sciences of Russian Academy of Sciences, Urals Division, 

GSP-207, 34 Komsomolskaya Str,  Yekaterinburg 620219, Russia  

In the present work the Czochralski grown Si single crystals implanted with the 

different fluences of H+ ions, were investigated. Ions had energies ranged in 3–24 

keV, which corresponds to ion project range up to 0.22 m. The ion fluences were 

inside of 2*1013 – 3*1017 cm-2 diapason. The thin plates ~40x200x200 m were cut 

with the assistance of ultrasound setup from the wafers surface containing an H+–

implanted layer. The comparative high-pressure thermoelectric characterization have 

been performed up to 20 GPa of the above plates and the samples prepared from 

the bulk Si crystals for comparison. Some difference was observed of thermoelectric 

power dependence on pressure for these two kinds of samples in the semiconductor-

metal phase transition region under pressure. Both before and after ultrahigh 

pressure treatment the crystal structure of the samples were controlled with 

assistance of  ultra soft X-ray L2,3 spectroscopy. The features of amorphyzation were 

noted for the samples suffered to ultrahigh pressure treatment. The influence of H+

implantation on thermoelectric properties and X-ray L2,3 spectra of Si wafers is 

discussed in the work. 

The authors are grateful to Dr. I.I. Morosov for the hydrogen implantation and to 

Dr. V.A. Aksenova for assistance in the X-ray L2,3 spectra measurements. The work 

was supported by the RFBR – Gr. No. 04-02-16178 and by the INTAS (Nr. 03-55-

629).
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Dependence of high-pressure thermoelectric and mechanical 

properties of Cz-Si on nitrogen doping and P-T pre-treatment 

Sergey V. Ovsyannikov1, Vladimir V. Shchennikov1, Nadezhda A. Shaidarova1*,

Vsevolod V. Shchennikov Jr2 , Andrzej Misiuk3, Deren Yang4

1High Pressure Group, Institute of Metal Physics, Urals Division of RAS, GSP-170, 

18 S.Kovalevskaya Str., Yekaterinburg 620219, Russia, vladimir.v@imp.uran.ru 

2Institute of Engineering Sciences of Russian Academy of Sciences, Urals Division, 

GSP-207, 34 Komsomolskaya Str,  Yekaterinburg 620219, Russia  

3Institute of Electron Technology, Al. Lotnikow 32/46, PL-02-668 Warsaw, Poland

4State Key Lab of Silicon Materials Science, Zhejiang University, Hangzhou 310027, 

PR China 

Czochralski grown Si single crystals (Cz-Si) with nitrogen concentration of about 

5x1014cm-3 (Cz-Si:N is applied in modern microelectronics), as grown and P-T pre-

treated up to 1400 K under hydrostatic pressure up to 1 GPa (resulting in oxygen 

precipitation) have been investigated in a sintered diamond chamber up to 20 GPa.  

Microhardness value was also measured. A shift has been established of 

semiconductor-metal transition pressure (Pt) to the higher magnitudes. A correlation 

between the values of transition pressure Pt and mechanical properties of Cz-Si:N 

has been detected. An influence of N on behaviour of thermoelectric properties of Cz-

Si:N and Pt as well as mechanical properties is discussed in the work.

The work was supported by the Russian Foundation for Basic Research – Gr. No. 

04-02-16178, by the INTAS (Nr. 03-55-629), and by Polish State Committee for 

Scientific Research (KBN).

[1] V.V. Shchennikov, S.V. Popova, A. Misiuk Technical Physics Letters 2003, 29

598; V.V. Shchennikov, S.V. Popova, A. Misiuk, S.N. Shamin Physica B 2003, 

340-342, 1026; V.V. Shchennikov, S.V. Popova, A. Misiuk, S.N. Shamin, S.V. 

Ovsyannikov Eur. Phys. J: App. Phys. 2004, 27, 145.

[2] S.V. Ovsyannikov, V.V. Shchennikov, A. Misiuk JETP Letters 2004, 80, 405; 

V.V. Shchennikov, S.V. Ovsyannikov, A. Misiuk, V.V. Shchennikov Jr phys. stat. 

sol. (b) 2004, 241, 3242; S.V. Ovsyannikov, V.V. Shchennikov, A. Misiuk, V.V. 

Shchennikov Jr Solid State Comm. 2004, 132, 545.
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Electrical properties of lithium up to 100GPa 

T.Matsuoka, K.Shimizu  

KYOKUGEN, Osaka Univ. Toyonaka, Osaka 560-8531, Japan 

Li undergoes several structural transitions under high pressure. Neaton and 

Ashcroft [1] predicted that the compressed Li might form pairs of atoms, and that this 

paired atom phase is semi – insulating. The superconductivity of Li has been 

observed above 25 GPa up to 85 GPa and the Tc reaches 20 K (48 GPa) which is 

the highest observed of any elements [2, 3, 4]. In order to search for the predicted 

paired atom phase and superconductivity under high pressure, we performed the 

electrical resistance measurements by using a diamond anvil cell. To prevent leaking 

of Li from sample chamber, we improved the arrangements of gasket and made it 

possible to carry out the electrical resistance measurements under pressure up to 

100 GPa. The electrical resistance was measured by four probe method with the 

deposited electrodes on the surface of the diamond anvil. We have succeeded to 

pressurize and measure the electrical resistance of Li up to 97 ±3 GPa. The 

superconductivity was observed at 97 ±3 GPa (Tc ~ 10.2 K). No clear evidence of 

metal to insulator transition that indicates the appearance of paired atom phase was 

observed. Figure 1 shows the pressure dependence of Tc obtained from our previous 

works and this work.

[1] J. B. Neaton and Ashcroft,        

Nature 400, 141 (1999). 

[2] K. Shimizu et al.,

Nature 419, 597 (2002). 

[4] D. Takao, Master thesis (2002). 

[3] V. V. Struzhkin et al.,  

Science 298, 1213 (2003). 

Fig.1 Pressure dependence of Tc
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High pressure phase transitions in ZrMo2O8 and HfMo2O8: an electrical 

conductivity study 

G.D. Mukherjee
a
, A.S. Karandikar

a
, V. Vijaykumar

a
, A.K. Tyagi

b
 and B.K. Godwal

a

a
High Pressure Physics Division, 

b
Applied Chemistry Division, 

Bhabha Atomic Research Centre, Mumbai 400 085, India.

 Over the last few decades investigations on frame work structured materials of the 

type MX2O8 (M = Zr, Hf and X = W, Mo) have drawn considerable interest due to their 

negative thermal expansion behaviour, which may have important technological applications 

in e.g. composites with tunable thermal expansion [1]. Also ZrMo2O8 has shown promises for 

possible use in nuclear fuel processes, as ion-exchangers and catalysts [2]. Therefore high 

pressure studies of these materials have acquired a significant importance for both basic and 

applied sciences. In fact high pressure investigations on many of the above materials have 

revealed the existence of a number of phase changes and amorphization; both reversible and 

irreversible [1]. 

 ZrMo2O8 and its isostructural compound HfMo2O8 stabilize in a trigonal symmetry 

(α-phase) at ambient condition. High pressure structural investigations on α-ZrMo2O8 has 

shown two successive phase transformations: α - δ (monoclinic) phase at 1 – 1.1 GPa and δ - 

ε (triclinic) phase at 2 –2.5 GPa followed by amorphization above 10 GPa [3]. α-HfMo2O8

has been found to transform to a 20% denser monoclinic (β) phase at 2.15 GPa and 560
o
C [1]. 

But to our knowledge no other reports on the high pressure studies of α-HfMo2O8 are 

available till date. In order to gain more insight about the phase transitions and to obtain its 

significance, we carried out high pressure ac and dc resistance measurements on ZrMo2O8 and 

HfMo2O8 respectively up to 5.5 GPa, which is reported here.  

 High pressure ac (~1% accuracy) and dc (~0.1% accuracy) electrical resistance 

measurements were carried out up to 5 GPa in a modified pressure cell of the toroid anvil 

apparatus. For ZrMo2O8 slope changes and anomalies are observed in both the ac and dc 

resistance data at about 0.95 GPa and 2 – 2.5 GPa, which are related to the already reported 

high pressure structural transitions. Similarly for HfMo2O8, slope changes and anomalies are 

observed at about 1.1 GPa and 2.1 GPa. This apparently indicates structural phase transitions 

in HfMo2O8 similar to those observed in ZrMo2O8. For both the compounds, the activation 

volumes at room temperature are obtained by analyzing the conductance data in terms of the 

pressure dependent activation volume model [4]. The ac resistance data in both the samples 

are found to be strongly frequency dependent and show a transition between two power law 

regimes marked by a cross over frequency. This behaviour is associated with the strong lattice 

responses to the movement of the ions. 

[1] S.N. Achary, G.D. Mukherjee, A.K. Tyagi and B.K. Godwal, Phys. Rev. B 66 (2002) 

184106, and references therein. 

[2] F. Prinetto et al, J. Phys. Chem. 99 (1995) 5556; A. Ckearfield and R.H. Blessing, J. 

Inorg. Nucl. Chem. 34 (1972) 2643; R. Pankajavalli, J. Nucl. Mater. 172 (1990) 151. 

[3] S. Carlson and A.M.K. Andersen, Phys. Rev. B 61 (2000) 11209. 

[4] A.N. Papathanassiou, Phys. Rev. B 58 (1998) 4432. 

Keywords: High pressure, Phase transition, Negative thermal expansion, Conductivity 
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Pressure dependence of the Curie temperature in Fe-Pd Invar alloys 

F. Ono*, H. Kanamitsu, N. Q. Sun, Y. Matsushima and M. Matsushita

Department of Physics, Okayama University, 3-1-1 Tsushima-Naka, 

Okayama 700-8530, Japan, 

*e-mail: fumihisa@cc.okayama-u.ac.jp

   Fe-Pd alloys with Pd-concentration around 34 at.% are known to show so called

Invar anomaly. Those alloys show very low or rather negative thermal expansion

below the Curie temperature. This anomaly is caused by the compensation of the

normal thermal expansion with the lattice contraction due to the decrease of the

spontaneous magnetisation with increasing temperature through the large positive

magneto-volume coupling. The magneto-volume anomaly is a common character in

three typical Fe-base Invar alloys; Fe-Ni, Fe-Pd and Fe-Pt. To investigate the

magneto-volume effect, it is the most direct way to observe magnetic properties

under high pressure. In Fe-Ni Invar alloys there have been accumulated numbers of

data, while in Fe-Pt Invar alloys only a few are available. In Fe-Pd Invar alloys no

high pressure data is available above several GPa.

   By using a cubic anvil press, measurements of temperature dependence of AC-

susceptibility in Fe-Pd Invar alloys were made under high pressure up to 8GPa. The

Curie temperature decreased 200 K under the maximum pressure. It was found that

the decreasing rate is almost the same in three Fe-base Invar alloys. The low-

temperature high-pressure magnetic phase found in Fe-Ni [1] and in Fe-Pt Invar

alloys [2] was not observed in Fe-Pd Invar alloy. This fact may be related to the

relatively higher Curie temperature in Fe-Pd alloy than in other two Invar alloys.

[1] M. Matsushita, S. Endo, K. Miura and F. Ono, J. Magn. Magn. Mater. 265 (2003)

352.

[2] M. Matsushita, S. Endo, K. Miura and F. Ono, J. Magn. Magn. Mater. 269 (2003)

393.
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Excitation and pressure effects on photoluminescence from  

silicon-based light emitting diode material 

Y. Ishibashi1,3, T. Sugimoto1, A. Nagata1, T. Kobayashi*,1 , A.D. Prins2, S. Sasahara3,

J. Nakahara3, M.A. Lourenco4, R.M. Gwilliam4, and K.P. Homewood4

1 Graduate School of Science & Technology, Kobe University, Kobe, Japan

2 Queen Mary, University of London, London, UK

3 Graduate School of Science, Hokkaido University, Sapporo, Japan

4 School of Electronics & Physical Sciences, University of Surrey, Guildford, UK

The development of efficient silicon-based optoelectronic devices operating at room 

temperature is of fundamental importance. Silicon, however, is an indirect band-gap 

material, making it fundamentally a poor emitter of light. The controlled introduction of 

dislocation loops into silicon wafers by ion implantation and subsequent annealing 

modifies its indirect band structure [1]. This "dislocation engineered" material has 

been used to produce light-emitting diodes that operate efficiently at room tempera-

ture [1].  We investigate the nature of photoluminescence (PL) at around 1140 nm 

from this boron-implanted material using diamond anvil high-pressure cell techniques 

up to about 4 GPa. The integrated PL intensity increases with increasing temperature 

in the same manner as the electroluminescence (EL) [1]. The observed tendency is 

typical for the PL spectra excited especially at shorter wavelengths. We can extract 

the distinct effects of dislocation loops on the PL properties by selecting laser 

excitation wavelength and therefore changing penetration depth from the surface. 

With increasing pressure, the observed emission peak at room temperature shifts to 

lower energy at a rate of -14 meV/GPa. The value of this shift agrees with earlier 

optical absorption measurements on the indirect band gap of silicon [2], confirming 

that the emission is closely related to this indirect transition.  

[1] W.L. Ng, M.A. Lourenco, R.M. Gwilliam, S. Ledain, G. Shao, K.P. Homewood, 

Nature 2001, 410, 192-194. 

[2] B. Welber, C.K. Kim, M. Cardona, S. Rodriguez, Solid State Commun. 1975, 17, 1021-

1024.

* Corresponding author: e-mail: kobayasi@eedept.kobe-u.ac.jp                      
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Critical behaviour of bipolaronic transition in magnéli phase TinO2n-1

(n=4 and 5) under hydrostatic pressure

N. Takeshita, C. Terakura, H. Ueda, H. Takagi and Y. Tokura

Correlated Electron Research Center (CERC), National Institute of Advanced

Industrial Science and Technology (AIST).

1-1-1, Higashi, Tsukuba, Ibaraki, 305-8562 Japan.

We observed critical behaviours in magnéli phase TinO2n-1 (n=4 and 5) under

hydrostatic high-pressure. TinO2n-1, which contains two Ti3+ and (n-2) Ti4+ ions per

unit formula, shows the transitions from a metal to bipolaronic insulators. The

theoretical studies have suggested the appearance of a superconductivity[1] which is

related to the Bose condensation of bipolarons. Because of the insulating ground

state, no superconductivity is observed in magnéli phase TinO2n-1. The bipolaronic

insulating phase is suppressed by applying pressure[2,3] and the high temperature

metallic state becomes stable down to low temperature[3]. Acha et al. have explored

in ‘metallic’ Ti4O7 under pressure[3] but the superconducting state was not observed

down to 1.2 K. However, the possibility of the superconducting state of Ti4O7 still

remains in the experimental conditions of ‘more hydrostatic’ pressures or ‘lower’

temperatures. Therefore, we measured the electrical resistivity of Ti4O7 up to 4 GPa

by using our new pressure cell which is originally developed by Nakanishi et al.[4].

This pressure cell is small enough to cool down to cryogenic temperature by dilution

refrigerator.

At 4 GPa, Ti4O7 represents the metallic behaviour down to 280 mK. The

residual resistivity ratio (RRR) is ~230 which suggests that the quality of sample is

very high and the homogeneity of pressure is good enough. The superconductivity is

not appeared in this measurement. To see the detail of the critical behaviour, the

measurement under wider pressure variation in Ti4O7 and Ti5O9 is going on.

References:

[1]A. Alexandrov and J. Ranninger, Phys. Rev. B, 1981, 23, 1796-1801.

[2]H. Ueda et al., J. Phys. Soc. Jpn., 2002, 71, 1506-1510.

[3]C. Acha et al., Eur. Phys. J. B, 2003, 34, 421-428.

[4]T. Nakanishi, N. Takeshita and N. Môri, Rev. Sci. Instrum., 2002, 73, 1828-1831.
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THE ELECTRICAL CONDUCTIVITY OF INFINITE LAYER CaCuO2

UNDER HIGH TEMPERATURE AND HIGH PRESSURE 

X.M Qin a, C.Q.Jin a , T Katsurab,
a Institute of Physics, Chinese Academy of Sciences, Beijing, 100080, P. R. China  

b Institute for Study of the Earth's Interior, Okayama University, 682-0193, Japan 

Infinite-layer CaCuO2 (IL CaCuO2) is the simplest copper oxide containing [CuO2] 

plane. Investigating the electronic properties of IL CaCuO2 under high pressure are 

beneficial to understanding the physical origin of the Tc enhancement with increasing 

pressure in cuprate high Tc superconductors (HTS). The in-situ electrical resistance 

measurement of IL CaCuO2 was performed for the first time as a function of both 

temperature and hydrostatic pressure utilizing a 6-8 type high-pressure apparatus. 

The temperature dependences of resistance can be fitted by the lnR  T-1 from the 

thermal activation mechanism in the whole measured temperature ranges. The 

relationships of resistance versus pressure at variant temperature revealed that there 

was an abnormal hump occurring around 8 GPa with increasing pressure. This is 

considered to relate to an electronic structure transition resulted from the anisotropic 

compression of the IL CaCuO2 unit cell under high pressure. The band calculation with 

the local density approximation combined with the on-site Coulomb interaction U also 

shows the similar evolution of the band gap with increasing pressure. 

References:

1 X. M. Qin, G. M. Zhang et al., Chin. Sci. Bull., 48 (2003) 1201 

2 2C. Q. Jin, High pressure research (to be published)

3 X.J. Chen, H. Q. Lin, and C. D. Gong Phys. Rev. Lett. 85 (2000) 2180

Corresponding author: 

C. Q. Jin 

cqjin@aphy.iphy.ac.cn
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Structure Properties of A2CuO2Cl2 under High Pressure

Q. Q. Liu, C. Q. Jin, F. Y. Li, L. C. Chen, J. Liu

Institute of Physics, Chinese Academy of Sciences, P. O. Box 603, Beijing 100080, P. R. China

A2CuO2Cl2 (A=Ca, Sr, Ba) as the parent compounds of high Tc superconductors 

(HTS) have attracted much attention because their compositions are chemically

simple having the single-layer [CuO2] plane structures without apical oxygen[1].

A2CuO2Cl2 system with apical chlorine has been proposed to be a candidate of HTS,

and they are ideal systems to investigate the role of apical oxygen atoms in HTS. We 

have studied the structure and electrical properties of oxychloride compounds

Ca2CuO2Cl2, Sr2CuO2Cl2, and Ba2CuO2Cl2 with K2NiF4-type structure under high 

pressure up to 30 GPa at room temperature using diamond anvil cell. The equations 

of state of the compounds were obtained from the V/Vo-P relationship. Based on the 

Birch-Murnaghan equation, bulk modulus B0 of Ca2CuO2Cl2, Sr2CuO2Cl2, and

Ba2CuO2Cl2 were calculated. It is found that with increasing the ionic radius at A site 

the B0 gradually decreases from Ca2CuO2Cl2 across Sr2CuO2Cl2 to Ba2CuO2Cl2.

Reference:

[1].V.B. Grand, Hk Muller-Buschbaum, Z. Anorg. Allg. Chem. 88, 429 (1977).

Corresponding author:

C. Q. Jin

cqjin@aphy.iphy.ac.cn
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Magnetization of MnO and FeO at high pressures: a powder neutron 

diffraction study. 

Kantor A.P., Kantor I.Yu., Dubrovinsky L.S., Universität Bayreuth/Bayerisches 

Geoinstitut, Bayreuth/Germany, Anastasia.Kantor@Uni-Bayreuth.DE

Goncharenko I.N., CEA-Saclay/Laboratoire Léon Brillouin, Gif-sur-Yvette/France 

A neutron powder diffraction study of MnO and Fe0.92O was held at high pressures 

(up to 5 GPa) and low temperatures (down to 1.5 K). Neutron diffraction 

measurements were performed at LLB G6 cold-neutron diffractometer with a 

constant wavelength of 4.741 Å, equipped with a liquid He cryostat. Measurements at 

high pressures were performed in a sapphire anvils high-pressure cell, pressure 

calibration was based on a ruby fluorescence scale. Magnetic reflections (1/2 1/2 1/2) 

and (3/2 1/2 1/2) for MnO and (3/2 1/2 

1/2) for Fe0.92O were clearly observed 

below the Néel temperature (TN),

allowing us to determine temperature 

dependence of magnetization at various 

pressures (Fig. 1). Measurements of 

MnO were performed at 0 and 5 GPa, 

and of Fe0.92O at 0, 3.6, and 5 GPa. The 

resulting data at T > 0.5*TN were fitted to 

the simple exponential function 

N0

1~
T

T

M

M
, where M is the magnetic 

moment at a given temperature, M0 is 

the magnetic moment at zero 

temperature, and ß is the critical exponent. For MnO the Néel temperatures were 

determined to be 120 K and 200 K and ß was determined to be 0.20 and 0.73 for 0 

and 5 GPa respectively. For Fe0.92O TN rises from 205 K to 254 K and to 310 K while 

pressure rises from 0 to 3.6 and to 5 GPa; ß exponent changes from 0.47 to 0.57 and 

up to 0.76. These results imply that a critical ß value of 1 will be reached at about 8 

GPa for MnO and at about 10 GPa for Fe0.92O.

Figure 1. Magnetization of MnO and Fe0.92O

at different P,T conditions.
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Influence of pressure on electrical propeeties AgPbSbS3

�.L.Kheifets, �.N.Babushkin

Ural State University, Russia, Ekaterinburg, 620083, Lenina ave., 5�

The resistance of complex chalkogenid AgPbSbS3 at pressure �0-45GPa was

investigation in the work.

 High pressure up to 50 GPa has been generated in the diamond anvil cell

with anvils of the "rounded cone-plane" type [�]. The electrical properties of the

samples were investigated by method of impedance spectroscopy in the frequency

range of �Hz-800 kHz on an IM6 Zahner Electric installation.

 The synthesised compound AgPbSbS3 has monoclinic symmetry with lattice

constant a=0.752 nm; b=�.334 nm; c=0.589 nm; β=9�,�7° [�]. At normal pressure

AgPbSbS3 is ionic conductor.

The godographs of an impedance at pressure �5GPa-50GPa were received.

The dependencies of conductivity on frequency are investigated. The hysteresis of

conductivity is investigated at the gradual unloading of the sample. Influence of

borders of the electrode / sample was analyzed at various pressure.

The resistance of the sample decreases with decreasing of pressure. The

dielectric tangent do not change practically with change of pressure. Phase

transitions in compound AgPbSbS3 in the investigated region of pressure were not

found.

The researches are executed at partial financial support CRDF (Ek-005-X�),

grant CRDF and Ministry of education of Russian Federation (BRHE, Post Doctoral

Fellowship, award EK-005-X�, annex 7, No Y�-05-09).

�. E.R.Baranova et.al. // Solid State Ionics. 2002. V.�46. �.4�5

2. Verechagin, L.F., Yakovlev, E.N., Stepanov, G.N., et.al. // JETF Lett., �972,

�6, p. 240-242.

192



The YBa2Cu2.5Mn0,5O9 and YBa2Cu2.5Mn0.5S0.5O8 oxides

at high pressure investigation

�.L.Kheifets, �.N.Babushkin

 Ural State University, Russia, Ekaterinburg, 620083, Lenina ave., 5�

The properties of oxides YBa2Cu2.5Mn0,5O9 and YBa2Cu2.5Mn0.5S0.5O8 were

investigated by the method of impedance spectroscopy at pressures �5GPa-50GPa

at �=300�.

High pressure up to 50 GPa has been generated in the diamond anvil cell with

anvils of the "rounded cone-plane" type [�]. The electrical properties of the samples

were investigated by method of impedance spectroscopy in the frequency range of

�Hz-800 kHz on an IM6 Zahner Electric installation.

 At normal pressure the oxides YBa2Cu2.5Mn0,5O9 and YBa2Cu2.5Mn0.5S0.5O8

are superconductors with temperature of transition 67� and 62� accordingly. The

specific conductivity at �=300� is 3.98 µS/m for YBa2Cu2.5Mn0,5O9 and 0.87 µS/m for

YBa2Cu2.5Mn0.5S0.5O8.

 The hodographs of the impedance YBa2Cu2.5Mn0,5O9 and

YBa2Cu2.5Mn0.5S0.5O8 were investigated at pressure �5GPa-50GPa at temperature

300�. The dependencies of conductivity from the frequency are analyzed.

The following conclusions were made:

 There is a convertible phase transition at pressures 38-40 GPa in the

compounds YBa2Cu2.5Mn0,5O9. There are convertible phase transitions in the

compound YBa2Cu2.5Mn0.5S0.5O8 at pressure 30-32 GPa and 36-38 GPa.

The replacement of a part of oxygen by sulfur results in displacement of region

of phase transition in the region of lower pressure and to occurrence of additional

phase transition.

The researches are executed at partial financial support CRDF (Ek-005-X�),

grant CRDF and Ministry of education of Russian Federation (BRHE, Post Doctoral

Fellowship, award EK-005-X�, annex 7, No Y�-05-09).

[�] L.F.Verechagin, E.N.Yakovlev, G.N.Stepanov. JETF Lett. �972, v.�6, �.240

193



TEMPERATURE DEPENDENCES OF RESISTANCE

AgGeSbS3 AT PRESSURE 10-45GPa

�.L.Kheifets, �.N.Babushkin, I.V.Korioniv

Ural State University, Russia, Ekaterinburg, 620083, Lenina ave., 5�

In the present work the investigated of resistance AgGeSbS3 were spent at

pressure �0-45GPa in the region of temperatures 78�-400�. The chamber of high

pressure with carbonado-diamond anvil cell was used for generation of pressure up

to 50Gpa.

At normal pressure the compound AgGeSbS3 is an ionic conductor. The

region of temperatures of a beginning of the ionic transport is �50�-200�, the part the

ionic transport is 99,8%.

At increase of pressure (P) there is a change of the region of temperatures of

a beginning the ionic transport Ti. The dependence Ti(P) is not monotonous.

Dependence of resistance from temperature is also not monotonous. At loading and

unloading the sample the hysteresis of resistance is found out. The regions of

existence in a sample of phase transitions are determined. The change of energy of

activation of conductivity with increase of pressure is analyzed. The temporary

dependence of resistance is investigated at different pressure.

The work are executed at partial financial support CRDF (grant Ek-005-X�),

grant CRDF and Ministry of education of Russian Federation (BRHE, Post Doctoral

Fellowship, award EK-005-X�, annex 7, No Y�-05-09).
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Pressure induced non-collinear magnetic structures in 

Fe-based intermetallics

J. Kamarada, O. Prokhnenkoa, K. Prokesb, Z. Arnolda

aInstitute of Physics ASCR, Praha, Czech Republic, kamarad@fzu.cz 

bHahn-Meitner-Institut, Berlin, Germany, prokes@hmi.de

The pronounced magnetovolume effects (anomalous decrease of magnetization and

large anisotropy of a lattice compressibility) in R2Fe17 (R = Y, Ce, Lu) intermetallics

result in a suppression of their ferromagnetic ground state with increasing pressure

1-3 . Combined magnetization and neutron diffraction measurements under

hydrostatic pressure were concentrated on Y2Fe17 that is considered as a

representative of the Fe-sublattice in all the R2Fe17 compounds. The ferromagnetic

phase of Y2Fe17 with Fe-moment in ab-plane is transformed into incommensurate

helical structures (similar to that described in 1 ) at pressure above 1 GPa at 5 K.

The critical pressure is 0.35 GPa or 0.4 GPa in the case of Lu2Fe17 and Ce2Fe17,

respectively. The helical structures were described by propagation vector  = (0,0, z)

with a complex character of temperature dependence of z [2]. The ferromagnetic

state is restored by a metamagnetic transition with the large field hysteresis,

however,   magnetization is not saturated even at field 5 T under pressure.

The hexagonal crystal structure of R2Fe17, as a natural multilayer system, can be

described by Fe-layers perpendicular to the c-axis accompanied by dumbbell Fe-pairs

between them. The shortest Fe-Fe distances give rise to negative exchange

interactions between Fe atoms located within the unit cell in four non-equivalent

crystallographic positions. The anisotropy of magnetoelastic phenomena [3] and a

role of the critical values of c-parameter and/or the distance between the Fe layers in

the evolution of interlayer exchange interactions will be discussed from point of view

of an instability of the magnetic structures in the R2Fe17 intermetallics.

[1]  D. Givord, R. Lemaire, IEEE Trans. Mag. 1974, MAG-10, 109 

[2]  O. Prokhnenko et al., J. Appl. Phys.  2002, 92, 385 

[3]  J. Kamarad et al., J. Magn. Magn. Mater.  2004, 272-276, 2098
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Behaviour of resistivity and thermopower of some organic compounds 

under ultrahigh pressure

Vladimir V. Shchennikov, Nadezhda A. Shaidarova*, Sergey V. Ovsyannikov*,

Alexander N. Titov

Institute of Metal Physics of RAS, Urals Division,18 S. Kovalevskaya Str., GSP- 170, 

Yekaterinburg 620219, RUSSIA, *e-mail: vladimir.v@imp.uran.ru 

In the present work for the first time a behaviour of some organic compounds (single 

crystals: C10H10Fe, C10H10Co and misfit (C10H10Co)TiSe2) were studied under 

ultrahigh quasihydrostatic pressure conditions up to 20 GPa. The electrical and 

thermoelectric (only of misfit (C10H10Co)TiSe2) properties were measured. All the 

organic compounds possessed by a high insulator-like electrical resistance R which 

decreased with pressure P. For C10H10Fe and C10H10Co the change of resistivity was 

inside of 1-2 orders, whereas for misfit (C10H10Co)TiSe2) a pressure-induced 

metallization was observed (R continuously decreased by 8-10 orders with P). For 

C10H10Fe and C10H10Co at P 15-18 GPa a similar sign inversion of dR/dP was 

observed, supposedly related to some transformation. Misfit (C10H10Co)TiSe2)

exhibited an electron type of conductivity (initial thermopower value was S  – (25-30) 

V/K at P 4-5 GPa where the thermopower measurements started). Under pressure 

near 10 GPa an inversion of thermopower happened. The thermopower value 

achieved a maximum positive value S  + (10-20) V/K, then droped and near P 18-

19 GPa S became negative again. The reasons of such behaviour of electrical and 

thermoelectric properties of ogranic materials are discussed in the paper. The work 

was supported by the Russian Foundation for Basic Research (Gr. No. 04-02-16178) 

and by the INTAS (Nr. 03-55-629).
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Magnetic ordering in UCu2Si2 under applied pressure 

Andrew L. Cornelius, Ravhi S Kumar, and Matthew Jacobsen 

High Pressure Science and Engineering Center and Department of Physics 

 University of Nevada, Las Vegas, cornel@physics.unlv.edu

Eric D. Bauer, John L. Sarrao and Zach Fisk 

MST-10, Los Alamos National Laboratory 

Los Alamos, New Mexico 

ALL of the U compounds that display a quantum critical point (QCP) as a 

function of pressure do so in a manner consistent with itinerant magnetism.[1] It 

would be of great interest to find a U compound that goes to the QCP in a manner 

consistent with localized 5f electrons; one candidate is UCu2Si2 which is isostructural 

to the first discovered heavy fermion superconductor CeCu2Si2.[2] We have 

performed resistivity measurements as a function of applied pressure to 2.5 GPa on 

UCu2Si2. We find that ambient pressure magnetic ordering temperature of 100 K 

decreases gradually in a manner consistent with itinerant magnetism. The results will 

be compared to previous measurements on UCu2Ge2.

[1] Andrew L. Cornelius, Ravhi S. Kumar and Brian E. Light, Mat. Res. Soc. Symp. 

Proc. Vol. 802, DD.7 (2004) 

[2] F. Steglich, J. Aarts, C.D. Bredl, W. Lieke, D. Meschede, W. Franz and H. 

Schafer, Phys. Rev. Lett. 43, 1892 (1979) 
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Evolution of magnetic ground state of U(Ni,Pd)2Si2 compounds
modified by applying pressure

V. Sechovský, J. Vejpravová, J. Prchal, P. Svoboda, Charles University, Prague,

sech@mag.mff.cuni.cz

F. Honda, Advanced Science Research Center, JAERI, Tokai

A.V. Andreev, Z. Arnold, J.  Kamarád, Institute of Physics ASCR, Prague

K. Prokeš, Hahn-Meitner-Institute, BENSC, Berlin 

Majority of UT2Si2 compounds (T = transition metal) possess antiferromagnetic

ground state of the AF-I type. This magnetic structure consists of basal-plane layers

of ferromagnetically coupled U magnetic moments aligned along the c-axis. The

coupling between these layers along the c-axis is simple + - antiferromagnetic (AF-I).

UNi2Si2 is the only exception because it exhibits at lower temperatures the

uncompensated antiferromagnetic (UAF) structure characterized by the + + -

coupling. Small substitution of Pd in UNi2Si2 turns the UAF ground state to the AF-I

phase. Application of hydrostatic pressure, on the other hand, promotes the UAF

structure.  We will report on results of our magnetization, resistivity and neutron-

scattering studies of the evolution of magnetic ground state of U(Ni1-xPdx)2Si2
compounds at ambient and high hydrostatic pressure. The overall magnetic phase

diagrams involving Ni-Pd concentration, pressure and magnetic field will be

presented and discussed in the light of theoretical predictions derived within Ising

model.
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High-Pressure High-Temperature electrical conductivity study of
iron with a laser heated diamond anvil cell

Weijun Huang, Qiliang Cui, Zhi He, Qiang Zhou, Guangtian Zou

The electrical conductivity of iron under high pressure and high temperature

conditions was of great use to help people understand not only the basic physical

character of electron, but also the interior structure of the earth. 

In this paper, we measured the electrical conductivity of iron with a purity of

99.999% under high pressure and high temperature conditions by laser heated

diamond anvil cell method. Some interesting result was discussed.
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Effects of deuterium insertion and pressure on magnetic properties 
of Ce2Fe16Mn1Dy compounds (y = 0, 1, 2.3). 
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O. Isnard, CNRS, Grenoble, France 

A. Kuchin, Institute for Metal Physics, Ekaterinburg, Russia 
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Substitution Mn for Fe in Ce2Fe17 compound suppresses the ferromagnetic ground 

state completely when Mn content reaches x = 0.5 [1]. Ce2Fe16Mn1 orders 

antiferromagnetically up to TN = 198 K. The magnetic structure can be presented as 

an incommensurate helix wounding along c-axis of the rhombohedral structure. 

Application of the pressure leads to the distortion of the helix so that uncompensated 

ferromagnetic component appears in the basal plane giving the ferromagnetic 

response of the bulk magnetization [2-3]. 

In this contribution we present effects of deuterium, D, insertion (negative pressure - 

lattice expansion) on the magnetic properties of Ce2Fe16Mn1 together with the high 

pressure (up to 10 kbar) studies of the magnetic properties of Ce2Fe16Mn1Dy 

compounds (y = 1, 2.3). A ferromagnetic component is created by insertion of D in 

the antiferromagnetic Ce2Fe16Mn1. Its Curie temperature TC increases with increasing 

D-content reaching TC ≈ 260 K for y = 2.3 and remarkably decreases with pressure 

dTC/dp = - 3.6 K/kbar. Temperature behavior of the magnetization of Ce2Fe16Mn1D1 

compound under pressure becomes complex. Such behavior can be correlated with 

the changes in electronic structure that are induced by the insertion of deuterium 

contrary to the pressure effect, where the only interatomic distances are affected.  

 

References: 

[1] A. Kuchin et al. J. Alloys Compd, 313, 7 (2000). 

[2] Z. Arnold et al. J. Magn. Magn. Mater. 226-230, 950 (2001). 

[3] O. Prokhnenko et al. Applied Physics A 74 [Suppl.] S610 (2002). 
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Recent progress in synchrotron inelastic x-ray scattering (IXS) has made possible the 

measurement of plasmon dispersions throughout the Brillouin zone from small 

samples pressurized in a diamond anvil cell. Here, we report results of high-pressure 

IXS experiments on plasmons in sodium, the prototype of a nearly-free-electron 

metal. The conduction electron density is the fundamental parameter in the 

collective-electron physics of metals, and it can be tuned by the application of high 

pressure. In the case of Na, the electron density can be nearly tripled in the pressure 

range up to 45 GPa that was investigated here. In addition, pressure affects also 

electron correlations as well as the electronic band structure. Thus, high-pressure 

IXS studies are thought to provide valuable input to recent theoretical advances in 

describing the excitations of interacting electrons in metals. The main observations of 

the plasmon IXS experiments on Na are firstly that the difference between the free-

electron behaviour and the observed plasmon energies increases dramatically with 

increasing density. Secondly, the plasmon line width increases too, signalling a 

reduction in the plasmon lifetime under pressure. The results will be discussed in the 

context of electronic band structure calculations and in comparison with similar 

experiments on K and Rb. 
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Conductivity of C60 fullerene crystals under multi-step 
 dynamic compression up to 300 kbar  
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 2IPCP RAS, Chernogolovka/Russia 
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The purpose of this research was measurement of C60 fullerene crystals 

conductivity at high pressures, whether to find out C60 metallization. In our 

experiments we used the mode of multi-step quasi-isentropic dynamic compression 

of fullerene crystals made by series of consecutive shock waves which  makes us 

possible to reach very much high pressures without considerable warming-up typical 

for compression by an unitary shock wave. 

The most essential received fact in the present 

work is that under increasing pressure above 20 GPa 

conductivity instead of the further increase on the 

contrary starts to fall, that formally corresponds to 

expansion of effective value of bandgap EG (Pic.1). 

This fact can be connected with phase 

transformations occurring in system according to the 

data of X-ray research. 
Pic.1 

Experimental data obtained can be explained with the assumption that energy 

barrier of C60 polymerization becomes lower with pressure increase about equally the 

bandgap. 
Work is executed at financial support of the Russian foundation for basic 

research, the grant N 03-02-16322, the grant of the President of Russia  № NS 

1938.2003.2, and program of basic researches of the Russian Academy of Science 

"Thermophysics and mechanics of intensive energy influences ".   

         

References 

[1] Yu.A. Osip’yan, V.E.Fortov, V.I.Postnov, V.V.Kveder at others. JETP Letters. 

2002 No. 11, vol. 75, pp. 563-565. 
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Alkaline metals electrical conductivity at multi-step dynamic 
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The purpose of work was studying the phase and structural transitions occurring in 

metals of the first group of a periodic table of elements (lithium, sodium, potassium), 

and so in calcium at dynamic compression. Registration of these transitions was 

carried out by a method of measurement electrical conductivity with simultaneous 

registration of pressure profile. Experiments have been implemented at a room and 

liquid nitrogen temperature. As a result of experiments series complex resistivity-

pressure dependences have been received.  For sodium almost tenfold increase of 

electric resistance is observed at initial room temperature of experiment and the 

maximal pressure 100GPa. In experiments with lithium the range of pressure has 

been expanded up to 210GPa, due to use of special explosive devices of bilateral 

compression. Results of experiments with lithium testify that up to pressure ~160GPa 

resistance of samples monotonously increases simultaneously with growth of 

pressure. The further increase in pressure conducts to a break of a curve and 

conductivity of a sample sharply increases. The structure of pressure-resistivity 

dependence for potassium qualitatively coincides with earlier fixed for sodium and 

lithium and equal 70 times. Using this technique was been measured calcium 

samples conductivity in a solid phase at shock compression up to 650kbar too. In 

result for calcium nonmonotonic conductivity-pressure dependence changing was 

fixed. Let's note, that in unloading electroresistance of all samples came back to a 

initial value that testifies to convertibility of occurring processes. 

Work is executed at financial support of the Russian foundation for basic research, 

the grant N 03-02-16322, the grant of the President of Russia  № NS 1938.2003.2, 

and program of basic researches of the Russian Academy of Science 

"Thermophysics and mechanics of intensive energy influences "            
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THE ELECTRON TRANSPORT OF MONOCRYSTAL ZnO AT NORMAL AND HIGH

PRESSURES

R.K. Arslanov1, M.M. Gadjialiev1, M.I. Daunov1, P.P. Khokhlachev1, P.P. Shvansky2

1Institute of Physics, Daghestan Scientific Center, Russian Academy of Sciences,

367003, M.Yaragskogo str., 94, Makhachkala, Russia, E-mail: Arslanov_ras@rambler.ru

2Russian Research Institute for the Russian of Minerals, Alexandrov Vladimir Region Russia.

Recently a progress in growth of crystals and their unique physical characteristics (high

coefficient value of the electromechanical bond, large width of forbidden band, luminescent

properties, radiating stability, etc.) make topical the researches of electron spectrum and

transport of this compound. In the temperature integral 77-400 K and hydrostatic pressures up to

9 GPa at 300 K there have been measured electric conductivity, Hall coefficient, and thermal

electric power of volume monocrystals n-ZnO with electron concentration 1015÷1017 cm-3 at 300

K. A character of temperature and baric dependences of kinetic coefficients is determined

shallow hydrogen like donor, with energy level is located under the bottom of conduction band

from a distance Ed (P=0) ≈50 meV at a normal pressure. When pressure increases this level

remove from the bottom of conduction band: Ed=Ed(P=0)+βP, where β=4.7 meV/GPa.

According to experimental data a dependence of static dielectric permeability χ upon pressure is

calculated: χ=χo(1-4⋅10-2P)-1 (P-GPa).

Acknowledgement. This research was carried out under financial support from the

Russia Foundation for Basic Research (grant 05-02-16608).
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Synthesis and magnetic properties of UCoAlH4

I. Marchuk1, L. Havela2, A.V. Kolomiets2, K. Miliyanchuk2, S.M. Filipek1

1)Institute of Physical Chemistry of the Polish Academy of Science, Kasprzaka 44/52,
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2) Charles University,Faculty of Mathematics and Physics, Department of Electronic
Structures, Ke Karlovu 5, 121 16 Prague 2, Czech Republic

The hydrogen absorption characteristics of UCoAl compound under high hydrogen

pressures have been investigated. Exposition of UCoAl at 0.5 GPa of hydrogen

pressure and 100oC resulted in formation of UCoAlH4 hydride. The crystal structure

of this new hydride was refined in the hexagonal type structure (P63/mmc space

group, a=4.177233Ǻ and c=8.254685Ǻ). Magnetic properties of the UCoAl hydride,

studied in the temperature range 2–300 K and fields up to 6 T, exhibit the Curie-

Weiss susceptibility with effective moment 2.0 µB/U and paramagnetic Curie

temperature - 6 K. A weak ferromagnetic component (0.03 µB) gradually developing

below 30 K, can be tentatively attributed to structure defects. 
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When electrons in a solid are excited to a higher energy band they leave behind a 

vacancy (hole) in the original band. Such holes behave like positively charged 

particles. From our direct path integral Monte Carlo modeling we predict that holes 

can spontaneously order into a regular lattice in semiconductors with sufficiently flat 

valence bands [1]. The critical hole to electron effective mass ratio required for this 

phase transition is found to be of the order of 80 in three dimensions and 30 in two 

dimensions. These hole crystals are intimately related to ion Coulomb crystals in 

white dwarf and neutron stars as well as to ion crystals produced in the laboratory in 

ion traps. In particular, we investigated the excitonic phase diagram of Tm[Te,Se] [2] 

and found the regions of existence of excitons, bi-excitons, many-particle clusters, 

electron-hole liquid and crystal. From the analysis of pair distribution functions we 

investigated the fraction of electron-hole and hole-hole bound states at different 

temperatures and pressures.  

 

 

1. M. Bonitz, V.S. Filinov, V.E. Fortov, P. Levashov, H. Fehske, submitted to Nature 

(2005).  

2. P. Wachter, B. Bucher, J. Malar Phys. Rev. B 2004, 69, 094502.  
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Separation of silicon layer from substrate by oxygen or nitrogen implantation is one of 

the main ways in the development of silicon-on-insulator (SOI) materials. 

Implantation of oxygen is now well-established and widely used technology of the 

SOI wafer creation. Due to some unsolved problems (e.g. crystallization of the nitride 

layer, large leakage current and non-uniform Si/Si3N4 interface) the nitrogen 

implantation does not found wide application in modern electronics. To benefit both 

from the advantages of silicon nitride (a diffusion inhibition and impurity gettering) 

and of silicon dioxide (a low leakage current and a planar interface top Si layer / 

buried oxide) and for the development of the radiation hard materials, co-implantation 

of oxygen and nitrogen is developing for the fabrication of SOI material with 

combined insulator.  Completed removal of the radiation-induced defects is the main 

problem of all implantation based technologies, which is enhanced in these cases 

due to the high fluences used. An application of the high pressure during high 

temperature post-implantation annealing is a promising way to manage the problem 

by the transformation of the radiation defects. Electrical and structural properties of 

multilayer structures formed in silicon implanted with high fluence of either nitrogen or 

oxygen ions and treated under enhanced hydrostatic pressure of argon ambient up to 

1.4 GPa at temperatures ranged 800 – 1300oC has been studied in the present work. 

Based on current-voltage, capacitance-voltage, cross-sectional transmission electron 

microscopy, and secondary ion mass spectroscopy measurements, it has been found 

that the application of HP during post-implantation anneals, allows one to change the 

defect distribution between the insulator layer and the silicon, and to achieve a 

degree of control on the charges at interfaces and the carrier concentration in the top 

silicon layer. 
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Pressure Dependence of the 1D2→3H4 Emission in Pr3+:YAG
H. Zheng, J.W. Wang, W.M. Yen and R.S. Meltzer
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and

M Grinberg
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Photoluminescence related to 1D2→3H4  transitions of Pr3+ in YAG is measured

in the  pressure range from ambient to 160 kbar. The  3H4 ground state is split into
3T2,  

3A1, 3T1 and  3E  components due to the  cubic field and additionally into non-

degenerate states labeled by the irreducible representations of the D2 symmetry point

group:   Γ1, Γ2,  Γ3 and  Γ4.  The excited 1D2 state splits into 1E and 1T2 states by the

cubic field and than the field of the D2 symmetry removes all the remaining

degeneracies.  Of interest here is the 3T2 (3H4) ground state that is split into Γ3, Γ1

and Γ4  components and the 1E (1D2) excited state that is split into Γ1 and  Γ2 states.

Since the splitting of 1E (1D2) is quite small, one considers that at room temperature

the sharp line structure in the luminescence consists of 1E (1D2)→ Γ3 and 1E (1D2)→

Γ4 emission lines. The emission related to 1E (1D2)→ Γ1 is not observed.    The

transition energies corresponding to 1E (1D2)→ Γ3 and 1E (1D2)→ Γ4  show different

dependencies on pressure. The respective pressure shifts are –0.99 and – 0.52 cm-

1/kbar. Since 1E (1D)→ Γ3 corresponds to the shorter wavelength, the two emission

lines cross-over at a pressure of 110 kbar. To reproduce the energetic structure of

the Pr3+ :YAG system and  the peculiarities of the dependencies of the emission on

pressure we have performed calculations in the framework of  the crystal field model .

The free ion and crystal field parameters, as well as their pressure dependencies,

have been determined.  We have considered contributions from the cubic field

described by )(cubBk
q and the low symmetry field described by k

qB∆  separately. Using

the superposition model we have simulated the shifts of the individual ligands and

related them to the changes in the quantities of crystal field parameters )(cubBk
q and

k
qB∆ .  The main conclusion of our investigation is that, contrary to expectation, the

effect of the hydrostatic pressure is not isotropic; it changes the local symmetry of the

ion-ligands system.  
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Electronic properties of NiHx under pressures: A spin-polarized 

calculation
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The metal-hydrogen systems have received wide attention due to their technical 

applications and for testing several theoretical models. In this paper, pressure effects

on the electronic structure, and the magnetism in NiHX systems (x=0,0.25,0.5,0.75,1)

are researched based on density functional theory. Geometry optimizations at 0K and 

high pressures show compression to ca. 200GPa there are no structural phase 

transition. But we have observed signals of pressure-induced magnetic phase 

transitions in some NiHX systems. 

At 0GPa, except NiH is paramagnetic, other systems are ferromagnetic. When 

pressure is increased from 0GPa to 200GPa, paramagnetic NiH holds stably

ferromagnetism in Ni and NiH0.25 are getting weaker, and a transition from 

ferromagnetic to paramagnetic phase happens in NiH0.5 and NiH0.75 at about 200GPa 

and 120GPa respectively, as shown in Figure 1. It is found that the magnetic phase 

transition is sensitive to the hydrogen concentration. With the increasing of hydrogen

concentration, transition pressure will decrease in the NiHX systems. 

Energy (eV)

(a) NiH0.5

Energy (eV)

 (b) NiH0.75

FIG.1. Density of state (DOS) difference between contributions from spin up and

spin down eigenstates for (a)NiH0.5 and (b)NiH0.75

Acknowledgment: This work was supported by the NSAF of China, Grant 

No.10276016 and 2003 EYTP of MOE of China. 
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ZnAs2 electrical resistance at 
pressures 20 - 50 GPa
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ZnAs2 is known as a material with anisotropy of properties, according presence both

the bonds Zn-As and As-As. Any transformations weren’t known in ZnAs2 at quasi-

hydrostatic pressures up to 9 GPa. We studied electrical resistance of ZnAs2 at

pressures 15-50. The resistance of ZnAs2 decreases by 2-3 magnitudes drastically at

pressure ~25 GPa at first cycle of applying pressure, and pressure dependence of

resistance have a maximum at the pressure near 35 GPa. The resistance drastically

increases by 3-4 magnitudes at pressure ~35 GPa during decreasing pressure.

These peculiarities are not observed in consequent pressure loading cycles. We

think that irreversible structural conversion take the place in ZnAs2 at pressures ~35

GPa. Resistance temperature dependences have an activation character in the

temperature range 77 - 400 K (Fig.1). 
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Fig.1. Temperature dependences of pressure (3 – 31,5 GPa, 4 – 35 GPa, 5 – 40 GPa, 6 – 44 GPa, 7

– 45,5 GPa)

Pressure dependence of activation energy has a peculiarity at pressure close to 35

GPa (for a "fresh" sample). This work was supported in part by grant BRHE EK-005-

X1 (Ural research educational center "Advanced materials").
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We have used impulsive stimulated light scattering (ISLS) to measure the velocity of 

an acoustic wave propagating at the interface formed by a single crystal of cobalt in 

contact with liquid helium.  Dispersion curves of velocity versus in-plane propagation 

direction to 10 GPa were obtained. In the particular case of propagation in the xz 

plane the acoustic velocity is determined mainly by the cobalt elastic moduli c44, c12, 

and c33.  We have assumed the value of c33 and its pressure derivative determined 

by inelastic x-ray scattering [1] in order to infer the corresponding values for c12 and 

c44 that best match our data. These results are compared with IXS and low-pressure 

ultrasonics data. We find that in the present case the techniques of IXS and ISLS are 

complementary in terms of the uncertainties associated with the estimation of the 

various elastic tensor elements.  

We also show how ISLS data may be used to infer the bulk modulus and mass 

density of helium (or other fluids) from interfacial velocities. We suggest combining 

the technique with laser heating to determine such quantities at simultaneous high 

temperature and pressure. Since the interfacial wave is localized to within two or 

three microns of the heated surface uncertainties due to thermal gradients may be 

expected to be minimized.      

 

[1] D. Antonangeli, M. Krisch, G. Fiquet, D. Farber, C. Aracne, J. Badro, F. Occelli, and 
H. Requardt, Phys. Rev. Lett. 93, 215505 (2004).  
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 Diffracted magneto-optical Kerr[1] effect was utilized for the first time to 

determine the pressure dependence of the magnetization of Fe, Co and Permalloy 

(Py) up to 10 GPa in a diamond anvil cell. The samples were regular arrays of 

submicrometer polycrystalline, elliptically shaped particles, evaporated on a 20 µm 

thick Si substrate. From the measured hysteresis loops, we deduced the shape 

anisotropy, which depends linearly on the magnetization (M). 

 The pressure dependence of the magnetization was therefore deduced from 

the anisotropy variations. Our results show that M increases with pressure in Fe and 

Py, and decreases in Co. Moreover, the measured changes of M in Fe and Co are 

much larger than those predicted theoretically. These results provide new data to test 

the accuracy of future theoretical modesl. 
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1 M. Grimsditch and P. Vavassori, J. Phys.: Condens. Matter 16, R275 (2004) 
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GaCMn3 exhibits novel magnetic transitions and Kamishima et al1 recently discovered the giant

magneto resistance (GMR) in it and also found a striking change in the Hall coefficient at the

transition. They suggested that this change in carrier concentration causes the GMR in this

material. It is very important to know the electronic structure for each magnetic state to understand

these novel properties and also the origin of the carrier concentration difference between the

antiferromagnetic and ferromagnetic phases. Also it is interesting to study the effect of pressure on

the electronic structure and magnetic properties of this compound.

   We have performed ab initio electronic structure calculations of GaCMn3 in the ferromagnetic

and paramagnetic phase using Plane Wave Self-Consistent Field (PWSCF) programs (pseudo-

potential framework). We have used ultrasoft pseudo-potential with 50 Ry plane wave energy cut-

off and taken 240 k-point in the irreducible wedge for the Brillouin zone integration and adopted

generalized gradient approximation for the Exchange-correlation terms. 

Our calculated equilibrium properties are in good agreement with experiment and from our spin

polarized electronic structure calculations for the ferromagnetic phase we found that there is a

sharp decrease of the ferromagnetic moment near 5 GPa pressure. We also found a large change

in the minority spin density of states at the Fermi level (EF). Interestingly we also find an electronic

topological transition near this pressure. To better understand the mechanism of collapse of the

moment we have carried out fixed spin moment calculations for equilibrium lattice and found an

energy minimum and a shoulder for this system with a small energy difference. Under pressure if

the shoulder becomes a minimum having same energy as the other local minimum then a first

order magnetic transition may occur. 

References:
K. Kamishima et. al., Phys. Rev. B 63, 024426 (2000).
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It is considered that spall strength is objective enough characteristic for 

dynamic strength of the material under stretching at microsecond range of loading 

duration. Spall destruction is multistage, evolutive in time process with formation of 

destruction region inside inner layers of the material. Most informative way to 

determine destruction tensions at spall is based on measuring free surface velocity 

measuring of the sample under investigation. In this case laser interferometer 

methods not influencing on investigated process are preferred. 

In this paper we present the new results of the series of experiments for study 

of spall strength of the samples of natural uranium with thickness 3,8…10 mm by 

laser interferometer method Fabry-Perot. Under the values of loading amplitude 

≈17 GPa and the rate of deformation 3*105 sec-1 in the range of release wave 

interaction the average value of the spall strength was found to be 3,52±0,37 GPa. 

We compared the obtained experimental results with data of other authors. 

Our results are in agreement with data of other authors for samples with thickness 

2…10 mm. Experimental points on the dependence σs(W) are satisfactorily described 

by one curve, which relatively quickly rises up to value σs≈3,2 GPa (W≈370 m/sec, 

this corresponds to loading amplitude ≈10 GPa), and then in the range W=370…660 

m/sec the value σs weakly growths up to 3,52 GPa. It can be supposed, that the 

value σs becomes constant and practically doesn’t depend on loading amplitude. 
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Interest in hydrogen as an environmentally safe energy carrier for the future 

increases steadily and research on new safe and efficient methods to produce, 

transport and store hydrogen is a very active area. Hydrogen storage in the form of 

solid hydrides is an attractive alternative for safety reasons, especially since the 

hydrogen volume density can compete with that in liquid H2. Light metal hydrides 

such as LiBH4, LiAlH4 and NaAlH4 also provide high hydrogen densities (5 - 15%) per 

unit weight, and some materials allow reversible hydrogen absorption-desorption 

cycling by changing H2 pressure and temperature. 

Little is known about the high pressure behaviour of the light metal hydrides, but such 

knowledge may be important for applications. For example, LiAlH4 has recently been 

predicted [1] to transform into a 17% more dense phase at a "low" pressure of 2.6 

GPa. We have therefore carried out room temperature Raman studies on some light 

metal hydrides to investigate their structural properties under pressures up to 6 GPa. 

These studies have revealed several reversible structural transformations, including a 

transformation in LiAlH4 close to the transformation pressure predicted in Ref. [1]. 

While some of these transformations involve significant changes in structural 

symmetry leading to changes in the number and intensities of Raman lines, we also 

observe minor anomalies which we identify as the high pressure counterparts of 

known low-temperature order-disorder transformations. In some cases, additional 

theoretical calculations have been used as a guide to identify the structures of the 

new phases. 

 

 

References:  

 [1] P. Vajeeston et al., Phys. Rev. B 2003, 68, 212101 
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Silicon (Si) clathrates are covalent bonded cage-like crystals composed of 

face-sharing Si20, Si24, and Si28 polyhedra.  The type-I structure is, for example, formed 

by a simple cubic arrangement of two small Si20 and six large Si24 per unit cell.  The 

resulting formula is M8Si46 if host Si cages are fully occupied by guest atoms (M=Na, K, 

Sr, Ba, and I).  These compounds continue to attract much attention as new 

super-conductors, wide band-gap semiconductors, and a new class of thermo-electric 

materials.  These characteristic properties can be understood by the electron-phonon 

and phonon-phonon coupling mechanisms between the encaged atoms and the 

framework Si.  These couplings are explored in part by the study of high-pressure 

Raman scattering through their vibrational properties of both guest atoms inside the 

cages and the host Si framework.  Most recently, we have found vibrational modes of 

guest atoms (Ba, K, and I) in Ba8Si46, K8Si46, and I8Si44I2 compounds by Raman 

spectroscopy, and observed some phase transitions at pressures up to 30 GPa [1].   

    In this report, we present high-pressure Raman study of Ba8Si46-type alloyed silicon 

clathrates: Ba8AuxSi46-x (x=1, 3, 4, 5, 6), Ba8AgxSi46-x (x=0.5, 1, 3, 6), Ba8Ge3Si43, and 

Ba8Ge12Si34.  The purpose of this research is to study the effect of Au, Ag, and Ge 

substitutions in the Si framework on the vibrational properties, and to investigate the 

guest-host interactions by considering their superconducting properties.   

    For Ba8AuxSi46-x (x=1- 6) we observed the Au dependence of Raman spectra at 1 

bar and high pressures.  Raman peaks related to Ba atoms are found at lower 

frequencies of 40-100 cm-1, and Si framework vibrations are observed around 110-450 

cm-1.  The Au substitution created a new Raman band at 70 cm-1, and its intensity 

increased with x.  This strong band can be theoretically reproduced by the dominant 

contributions of Au atoms [2].  The Si framework band at 435 cm-1 shows significant 

decrease in frequency with Au content.  High-pressure effects are also reported.    

[1] T. Kume, H. Fukuoka, T. Koda, S. Sasaki, H. Shimizu, and S. Yamanaka, Phys. 

Rev. Lett. 2003, 86, 4568-4571.  [2] J.S. Tse et al.  (Private Communication). 
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A number of human diseases, known as amyloidosis, originate from the deposition 

of stable protein aggregates with highly ordered structures. Recent studies suggest, 

moreover, the assembly into amyloid fibrils is an intrinsic property for peptides and 

proteins [1]. However, the intra- and intermolecular interactions which promote 

amyloid formation and stabilize its organized structures are not understood in detail. 

In this study, we have examined the pressure-induced changes in secondary 

structure for the two kinds of insulin aggregate, amyloid fibril and reduction-induced 

aggregate, by using FT-IR spectroscopy. The parallel -sheet for amyloid fibril is not 

unfolded, but dramatically distorted at 1.0 GPa. This structural rearrangement is very 

elastic, and does not cause the exposure of the backbone amide protons involved in 

parallel -sheet to aqueous medium. The dissociation of amyloid fibril into its 

monomer or oligomer is not likely to be promoted by application of high pressure. On 

the other hand, the antiparallel -sheet for reduction-induced aggregate remains 

distinct at 1.3 GPa. The whole construction is quite rigid compared with that of the 

amyloid fibril in spite of originating from the same protein. The structural elasticity for 

amyloid fibril implies the increase in size or number of cavity in the interior. The 

tertiary interactions between side chains for the amyloid fibril might be less effective 

than those for the reduction-induced aggregate and native insulin. 

References

[1] M. Fändrich, M. A. Fletcher, and C. M. Dobson, Nature 2004, 410, 165-166. 

218



Raman and UV absorption studies on supercritical fluid of oxygen
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Molecular oxygen, O2, with its characteristic magnetism, exhibits unique 

behavior under high-pressure. Many high-pressure phases with fascinating physical 

properties occur in its P-T phase diagram. One of its notable features is an abnormally

high freezing pressure, 5.9 GPa, at 300 K. In the supercritical fluid, formation of (O2) 2

molecular units has also been argued up to now and an importance of intermolecular

interactions has bee pointed out in the properties of this fluid. Raman spectroscopy is

available to probe the intermolecular interaction in question, which depends on the 

local environment, and to investigate the dynamics of molecular fluids. 

In this paper, the vibrational spectra of high-density fluid O2 are investigated

by high-pressure Raman scattering experiments, and the pressure evolutions of the 

frequency (shown in Fig.1) and the linewidth are discussed from the viewpoint of 

molecular interactions. UV absorption spectra of molecular oxygen were also 

measured at pressure up to 1.5 GPa and temperature between 17 and 297 K. In the 

supercritical phase, an absorption band was observed in a UV region between 4.5 

and 7 eV and showed an appreciable enhancement in the intensity with pressure 

(shown in Fig.2). The observed UV absorption band of high-density oxygen was 

attributed to the two-molecule process by an antiferromagnetic O2 pair.
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Lattice-dynamical studies, performed on Ti metal by Raman spectroscopy for pressures

up to 46 GPa, show no softening of the E2g mode of the hcp phase on approaching the

transition to the -phase, which contrasts the behaviour of its heavier homologue Zr [1].

However, it exhibits an anomalously low mode Gr neisen parameter. Unusual behaviour

is also reflected in the pressure response of elastic modulus C44. For the hcp phase it is

shown that the temperature shift at room temperature of this mode is dominated by the

explicit contribution, which is one order of magnitude higher than the im-plicit shift due to

thermal expansion, for both Ti and Zr. Such a behaviour has been observed also in other

transition metals, but not in „simple“ metals like Zn, where the implicit term determines

the temperature shift [2]. The frequency of the E2g mode of the -phase increases in the

investigated pressure range, with an ambient pressure mode Grüneisen parameter 2,

slightly higher than that of Zr, and becoming smaller under compression. At present,

theoretical lattice dynamical studies for Ti are only available for normal pressure. A recent

theoretical study of hcp- and -Ti [3], according to our best knowledge the only one at

present for the -phase, being in quite good agreement  with the experimental data for

the hcp phase, however, predicts the frequency for the E2g mode of the -phase 37 cm-1

(17%)  lower than obtained in the present study. In this context we would like to

emphasize that an analysis of the anomaly of the hcp-E2g mode in terms of electronic

structure is still missing. These results indicate that the present knowledge of the lattice-

dynamics of  the Ti-group elements is incomplete and far from being understood.

[1] H. Olijnyk and A. P. Jephcoat, Phys. Rev. B 56, 10751 (1997)

[2] V. E. Mogilenskikh, V. I. Osotov, Y. S. Ponosov and V. V. Shchennikov, Phys. Met.

and Metallogr. 96, 474 (2003)

[3] S. P. Rudin, M. D. Jones and R. C. Albers, Phys. Rev. B 69, 094117 (2004)
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(MgxFe1-x)O ferropericlase with x ~ 0.8 is believed to be the second most abundant 

phase in the Earth’s lower mantle after (Mg,Fe)SiO3 perovskite, and therefore its 

properties and stability field are important for geophysical and geochemical models of 

the Earth’s deep interior. We performed an in situ investigation of the behavior of 

(Mg0.8Fe0.2)O at elevated pressures (up to 105 GPa) and temperatures (up to 600 K) 

in a diamond anvil cell (DAC) equipped with internal resistive heater using 57Fe

Mössbauer spectroscopy. Below 55 GPa the Mössbauer spectra can be 

deconvoluted with two Lorentzian quadrupole doublets, one for Fe2+ and one for Fe3+

sites according to previous models [1]. At pressures higher than 55 GPa we observed 

a change in the structure of Mössbauer spectra, suggested to be a high-spin to low-

spin transition of Fe2+ ions. A new subspectral component (Lorentzian singlet) with 

lower isomer shift appears, and its relative abundance increases linearly with 

pressure. The pressure range where both spin states coexist is unusually broad (from 

55 to 105 GPa), and the crossover point was determined to be 80 GPa. We collected 

several spectra at different pressures and temperatures up to 600 K, and found that 

the amount of low-spin atoms is independent of temperature within experimental 

error. The isomer shift of the high-spin Fe2+ doublet depends linearly on pressure 

with a slope of about -0.003 mm/s per GPa. The low-spin Fe2+ singlet has the same 

pressure slope, but is shifted to lower energies by ca. 0.14 mm/s. Our results in 

general agree with previous inelastic X-ray scattering measurements of 

(Mg0.83Fe0.17)O [2], where a high-spin to low-spin transition was observed between 49 

and 75 GPa. 

[1] D. P. Dobson et al., Am. Miner. 1998, 83, 794-798. 

[2] J. Badro et al., Science 2003, 300, 789-791.
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Transparent conducting oxides (TCOs) are technological important materials as they 

are simultaneously transparent and conductive almost like a metal. The full 

development of their potential optoelectronic applications demands the development 

of p-type TCOs. The CuMO2 delafossite family, where M=Al, Ga or In, is attracting 

attention because they present p-type conductivity or, in the case of CuInO2, bipolar 

conductivity. The delafossite structure  (S.G. mR3 ) is constituted by hexagonal 

layers stacked in a O-Cu-O-M sequence. Group theory shows that the delafossite 

structure has only two active Raman modes, Ag and Eg.  

We have carried out Raman measurements and ab initio calculations in ambient 

conditions and under high pressure in order to identify the modes and also to 

characterize their pressure evolution.  We present in Table I the main results 

obtained: 

ωEg(cm-1) ωAg(cm-1) d �ωEg/dP(cm-1GPa-1) d �ωAg/dP(cm-1GPa-1)

Experimental 368 729 2.78 4.11 CuGaO2

Calculation 366 718 2.4 4.9 

Experimental 418 767 2.9 5.2 CuAlO2

Calculation 421 769   

Table I. Experimental and theoretical Raman active Γ-point phonon frequencies and their pressure 

dependence. 

In both compounds a high pressure phase transition is observed in the experimental 

spectra (at 26±1 and 36±2 GPa in the case of CuGaO2 or CuAlO2, respectively) . Ab 

initio calculations suggest the existence of a dynamical instability at about the same 

pressure. 

[1] J. Pellicer-Porres et al. Phys. Rev. B 2004, 69, 024109. 
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Amorphous chalcogenide semiconductors present optical properties that render them 

ideal materials for a number of applications such as optical fibres as well as optical 

data storage. Structural information for this class of materials as a function of glass 

composition, temperature and pressure is of great importance as it contributes both 

to the basic knowledge concerning medium and short range order of the amorphous 

state and to technological applications by enabling correlations between requested 

performance and compositional characteristics. This work refers to the pressure 

induced structural rearrangements of a model chalcogenide glass, As2S3. High 

pressure Raman experiments performed on a thermally annealed sample gave 

evidence of modifications in the short and medium range order. In order to avoid 

photo-induced structural rearrangements, off-resonance Raman spectra were 

recorded up to ~100kbar. The local structure of As2S3 resembles that of the 

corresponding crystal i.e. it is a 2D network consisting of strong intralayer bonds and 

weak interlayer van der Waals forces. In the Raman spectrum of glass, apart from 

the vibrational bands attributed to AsS3 pyramids, vibrational bands of cage-like 

As4S4 species can be resolved as well. Their pressure dependence along with the 

corresponding dependence of the boson peak is being discussed. Interrelations of 

the obtained results with the optical properties of the corresponding crystal (orpiment) 

as a function of pressure are addressed. Finally, differences observed between the 

Raman spectra recorded upon pressure increase and the corresponding spectra 

recorded upon pressure release indicate that permanent structural modifications take 

place.
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 As a continuation of our recent research into the optical properties of organic 

crystals exhibiting structurally incommensurate phases [1-3], we have studied the 

photoluminescence of crystalline biphenyl doped with pyrene molecules in the tem-

perature (T) range 4.7 – 40 K at various pressures (P) between 0.17 and 2.5 kbar. 

Depending on P–T values biphenyl exists in three different phases [2]: the 

normal, commensurate phase (C I) and two incommensurate phases (IC II and IC III).

We have studied, at various fixed P values, the T dependence of the zero-phonon 

line in the phosphorescence spectrum of the sample at 597 nm, which in C I phase 

appears as a clear-cut singlet but splits to a doublet and even quartet in IC II and 

IC III phases, respectively [3].  We refined the phase boundary between C I and IC II 

phases by varying T at several fixed P values and determining the phase transition 

temperature, Tpt , as a T value at which the doublet in IC II phase converges to the 

singlet in C I phase. 

Interestingly, the singlet in C I phase and the centre of the doublet in IC II 

phase both show the same red pressure shift, –22.4 cm 1/kbar, in the whole T range 

4.7 – 40 K studied.  But especially interesting are results for lower T values where the 

phase transition pressure, Ppt , is virtually independent of T (Ppt  1.8 kbar; T  10 K).  

In this T range the singlet line exhibits anomalous behaviour – by lowering T between 

10 K and 4.7 K the line becomes broader and not narrower.  On the contrary, at 

higher T (10 – 40 K) it behaves normally – becomes broader with increasing T.

[1] V. Zazubovich, A. Suisalu, and J. Kikas, Phys. Rev. B 64, 104203 (2001) [7 pp.]. 

[2] V. Zazubovich, A. Suisalu, K. Leiger, A. Laisaar, An. Kuznetsov, and J. Kikas, 

Chem. Phys. 288, 57-68 (2003). 

[3] A. Suisalu, M. Jänes, and J. Kikas, J. Phys. Chem. B 108, 10404-10407 (2004). 
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     The phase behavior and conformational equillibria of simple saturated hydrocarbons have 

attracted considerable attention and have been investigated extensively.  The properties of alkyl 

chains are fundamentally important for understanding a variety of phenomena in biology and 

polymer science.  Vibrational spectroscopy is a powerful tool for investigating conformational 

and dynamics of molecules in the condensed phase.  Application of hydrostatic pressure to 

molecular systems, held together by van-der-waals 

interactions, modifies the balance of intra- and 

intermolecular forces as a result of changes in the distances 

between molecules.  Infrared absorption studies on n-

heptane suggested a solid-solid phase transition near 30 

Kbar[1].  Recent atomistic molecular dynamics simulations 

suggested no signatures for a solid-solid transition up to 70 

Kbar [2].  In fact some interesting changes take place in the 

environment around methyl end-groups and its dynamics, 

namely, there are hindrance to their free rotation with 

increasing pressures up to 70 Kbar.  In the present study, 

high-pressure studies have been carried out up to 160 Kbar 

mainly to verify the theoretical prediction and its 

implications at higher pressures.  The study reveals, along with the liquid-solid transition ~ 14 

Kbar, a transition around 80 Kbar as seen from Raman spectra in the region of 100 – 1700 cm-1.  

The Fig. 1 is a typical example of the same.  The present study is consistent with the theoretical 

prediction of hindrance to the end-group rotation and it goes on to suggest a total freezing of the 

methyl rotation, suggested by disappearance of torsional modes (Fig. 1) and changes in other 

modes ~ 80 Kbar.  This leads to an order-disorder transition ~ 80 Kbar .   
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[1] M. Yamaguchi et al, J. Phys. Chem. B 107, 2815 (2003). 

[2] M. Krishnan and S. Balasubramanian to appear in J. Phys. Chem. B (2005).  

225



Joint 20th AIRAPT – 43th EHPRG, June 27 – July 1, Karlsruhe/Germany 2005 

Structural properties of the CuAlO2delafossite at high pressure 

J. Pellicer-Porresa,  A. Seguraa, Ch. Ferrer-Rocaa, D. Martínez-Garcíaa, A. Polianb,

P. Munschb, A. Muñozc, P. Rodríguez-Hernándezc,  G. Aquilantid, N.Guignotd, D. Kime, T.Y. 

Kime and M. S. Leee

aUniversity of Valencia, Spain (Julio.Pellicer@uv.es), bUniversité Paris VI, Paris cUniversity of 

La Laguna, Spain,  dESRF, Grenoble (France), ePukyong National University, Korea 

Transparent conducting oxides (TCOs) are technological important materials as they 

are simultaneously transparent and conductive almost like a metal [1]. In spite of the 

large interest aroused by the p-type transparent conductor CuAlO2 since its 

discovery, the nature and value of its band-gap remains controversial [2]. Knowing 

the evolution of the crystal structure under pressure is necessary in order to 

undertake further experiments that can contribute to elucidation of the actual 

electronic structure, such as optical measurements under pressure. 

In this communication we will report on the structural behavior of the CuAlO2

delafossite under high pressure. We have performed energy-dispersive and angle-

dispersive x-ray diffraction (XRD), and x-ray absorption measurements (XAS) up to 

50 GPa in order to establish the CuAlO2 equation of state and determine the 

evolution of the internal parameter. The sample was in powder or monocrystalline 

forms. In addition, total energy and band structure calculations were done by ab initio 

pseudopotential DFT-LDA methods.  

From the XRD experiments we establish a considerable anisotropic 

compression of the unit cell, as happened in the related compound CuGaO2[2].

Preliminary data analysis yields an equation of state given by V0=39.46 Å3, B0=184 

GPa and B’=3.87. A high-pressure phase transition is observed at 37±3 GPa. XAS 

experiments at the Cu K-edge on monocrystalline samples, including polarization, 

reveal the anisotropic environment of the Cu atom in the high pressure phase. 

[1] H. Kawazoe et al., Nature  389, 939 (1997)  

[2] J. Pellicer-Porres et al. Phys. Rev. B 2004, 69, 024109. 
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Modification of polymer structure by new method of accumulation of

high plastic deformation

Lately, new methods of severe plastic deformation based on simple shear, such
as equal-channel multiple angle extrusion (ECMAE) and screw extrusion (SE), have
been practicized on a large scale. They are widely used for the formation of
nanostructural states in metals. In the case of ECMAE, a cylindrical billet is pressed
through a unit consisting of several pairs of channels of one and the same diameter,
which cross each other at preset angles. During the SE a prismatic billet is forced
through a die having screw channel. Its geometry is such that shape and size of the
deformed billet do not change. This paper studies possibilities of implementation of the
mentioned methods of high plastic deformation accumulation for solid-phase
modification of semicrystalline  polymers.

The investigated were high-density polyethylene, low-density polyethylene and
nylon-6. It has been determined that deformation according to ECMAE scheme results in

the extreme dependence of microhardness H  on value of the accumulated strain e .

The height of H   maximum was specified by polymer type and extrusion conditions.

Distribution of H  over extrudate cross-section is not uniform, it varies with e . At the

beginning, the highest values of H  correspond to peripheral sections, while the lowest

ones – to the center. At high accumulated strain the distribution of H  becomes

inverted: the maximum values are in the center. The SE provides the growth of H .

Moreover, its distribution over the cross-section is not uniform. It is shown that changes
in structure taking place in polymers during ECMAE and SE are reflected in spectra of
large-angle X-ray scattering and result in redistribution of spectral intensities of
diffraction maxima. For deformed polymers, on the DSC curves there are additional
peaks in the region of melting temperatures. The optical microscopy data show that
under ECMAE and SE there occur the oriented supermolecular formations. They are

best of all seen near the surface in regions where H  is changed the most.

The obtained results are explained with the attraction of representations on
mechanisms of plastic deformation in semicrystalline polymers.
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Direct Synthesis and Raman Study of NO
+
NO3

-
 Ionic Solid and Novel N-O 

Molecular Crystal at High Pressures and Temperatures 

A. Yu. Kuznetsov, L. S. Dubrovinsky, I. Kantor 

Bayerisches Geoinstitut, Universität Bayreuth, D-95440 Bayreuth, Germany

Nitrosonium-nitrate NO+NO3
- was synthesized by a laser heating of a 

condensed mixture of oxygen and nitrogen compressed to different pressures, up to 

40 GPa, in a diamond anvil cell (DAC). Investigation of Raman spectra of the 

NO+NO3
- phase at different pressures and room temperature evidenced the pressure 

induced transformation of NO+NO3
- ionic solid to N2O4 molecular crystal in the 

pressure range from 1 to 3 GPa. Raman data provide strong indications on a 

decreasing charge transfer between NO and NO3 ion groups at low pressures. 

Obtained experimental results support the hypothesis of a rotational disorder of NO 

and NO3 complexes and a high symmetry structure of nitrosonium-nitrate at low 

pressures.

Laser heating of N2-O2 mixture at pressures below 25 GPa results in formation 

of NO+NO3
- phase together with a new N-O molecular phase. High-pressure / high-

temperature Raman spectra collected from synthesized samples revealed a new 

crystalline phase of N-O molecular solid with stoichiometry NO3. The new phase 

exhibits a considerable P-T domain of stability. Extrapolations of the melting curve of 

new N-O phase to temperatures below ambient show that this molecular crystal can 

be recovered at ambient pressure analogously to NO+NO3
- phase. Comparative 

analysis of the Raman spectra of NO+NO3
- and of new N-O phase showed 

discrepancies which can not be reconciled assuming the ionic nature of N-O 

compound. On the other hand, a resemblance of the fundamental vibrations of NO3

ionic groups and new N-O solid allowed to identify a probable molecular 

stoichiometry and a possible molecular symmetry of NO3 molecules. Unlike to 

Raman spectra of NO+NO3
- compound, Raman spectra of a new N-O phase have 

smaller number of lattice modes, one of which exhibits a soft behavior, as well as 

characteristic features of disordered phases of ionic nitrates. 
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Oxygen Pressure Effects on superconducting (YBaCuO) thin films
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High oxygen pressures have been developed during these last fifty years in Materials chemistry mainly

for stabilizing unusual oxidation states of transition metals or for controlling the oxygen stoichiometry in

functional materials [1].

Some of us have recently shown [2] that amorphous YBaCuO7+x thin film deposited by sputtering at

temperature T 450°C  have unusual oxidation state (x 1) in opposite to the films YBaCuO7 deposited

at T  800°C on the single crystalline substrates (MgO or LaAlO3 ) which are crystalline and super

conducting.

The aim of this study was to improve the oxygen distribution in YBaCuO thin film using an annealing

treatment (T 500°C) under oxygen pressures (P 200MPa) of a composite system formed by cathodic

sputtering at T  800° followed by deposition at T 450°C . At first step a crystalline thin film of

YBaCuO7 on LaAlO3 substrate was formed followed by deposition on the top of amorphous

YBaCuO7+x thin film.

Different physico-chemical characterizations have been developed after this high oxygen pressure

treatment either for evaluating the oxygen depth distribution (RBS, Nuclear Reaction Analysis,…) or

for following the physical properties (magnetic and electric measurements) of the YbaCuO super

conducting thin film.

[1] G. Demazeau, D.Y. Jung Eur. J. of Solid State and Inorg. Chem. 32, 383-401 (1995)

[2] J.Siejka, J-C. Mage, Y. Lemaitre, B. Marcillac “ Unusual oxidation state of amorphous YbaCuO thin

films prepared by cathodic sputtering”. To be published.
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SYNTHESIS OF ALXGA1-XN AND INN CRYSTALS

UNDER HIGH PRESSURES 

H.Saitoh, W.Utsumi, H.Kaneko, and K.Aoki 

Synchrotron Radiation Research Center, Japan Atomic Energy Research Institute 

Mikazuki, Hyogo 679-5148, Japan, cyto@spring8.or.jp 

We have performed synthesis studies of various III-V nitrides crystals, key materials 

for optoelectronic and high-power/frequency devices, using a cubic-anvil-type large 

volume high-pressure apparatus combined with in situ x-ray diffraction.  Polly-

crystallines of AlxGa1-xN alloys covering a composition range of 0 x 1 were 

synthesized by a solid-phase reaction under high pressure.  In situ x-ray diffraction 

profiles were measured to observe the alloying process, which started at around 

800ºC under 6.0 GPa.  Single crystal of Al0.1Ga0.9N was also successfully obtained by 

slow cooling of its melt from 2400ºC at 6.5 GPa.  For InN, its phase diagram was 

determined under high P-T conditions up to 20GPa and 2000ºC based on the in situ

observations, which demonstrates that 19GPa and 1900ºC are needed for its 

congruent melting. 

[1] W.Utsumi, H.Saitoh, et al., Nature Mater. 2003, 2, 735-738. 

[2] H.Saitoh, W.Utsumi, H.Kaneko and K.Aoki, J. J.Appl. Phys. 2004. 43, L981-L983. 

[3] H.Saitoh et al., State-of-the-Art Program on Compound Semiconductors XLI, 

Nitride and Wide Bandgap Semiconductors for Sensors, 2004, 587-592. 

Figure 1  Al0.1Ga0.9N crystal synthesized 

from its melt at 6.5GPa and 2500°C 

Figure 2  Phase diagram of InN at 

high P-T determined by in situ x-ray 

diffraction

5.0 10.0 15.0

500

1000

20.0

1500

Wurtzite

0
0

Pressure (GPa)

T
e

m
p

e
ra

tu
re

 (
o
C

)

Rock salt

2000

In +      N2
1
2

Liquid

Al

Ga

230



High Pressure Synthesis of Single Crystal of  

Lanthanum Manganese Oxide LaMnO3

Xiaofeng Wang and Xiaoyang Liu

State Key Laboratory of Inorganic Synthesis and Preparative Chemistry  

Jilin University, 2699 Qianjin Street, Changchun 130012, P.R. China 

E-mail: liuxy@jlu.edu.cn 

Manganese oxides with perovskite structures have been widely used in solid 

oxide fuel cells (SOFCs), oxygen sensors and catalysts. Lanthanum Manganese 

Oxide, LaMnO3, an important one of them, has been reported as a charge transfer 

type insulator [1] and an A-type antiferromagnetic (AFM) material. The doped LaMnO3,

which has been fueled by the colossal magneto resistance (CMR), exhibits a 

metal-insulator (MI) transition at the Curie temperature (Tc). Here we report the 

synthesis of single crystal of LaMnO3 at high pressure and high temperature. 

LaMnO3 was prepared from La2O3 (Aldrich, 99.9%) and MnO2 (Aldrich, 99.9%), 

which were mixed in stoichiometric proportion. The starting mixture with the presence 

of 4wt% distilled water was encapsulated in a sealed platinum tube with a diameter of 

5 mm and a height of 12 mm, which was separated by MgO powder from a graphite 

tube. The experiment was run at 2GPa, 1200 C for 12 hours in a piston-cylinder 

apparatus. Pressure was calibrated from melting of dry NaCl at 1050 C [2] and the 

transformation of quartz to coesite at 500 C [3]. Temperature was measured by 

inserting a Pt-Pt90%Rh10% thermocouple into the high-pressure cell. The sample 

was quenched before the pressure was released. And the product was characterized 

by, single-crystal and powder X-ray diffraction (XRD), scanning electron microscope 

(SEM) and superconducting quantum interference device (SQUID). 

Comparison with the traditional synthesis method, big single crystal of LaMnO3

has been obtained by means of high-pressure method. 

Reference 

[1] J. Zaanen, G. Sawatzky, & J. Allen, Phys. Rev. Lett. 55 (1985) 418. 

[2] S. Bohlen, Neues Jb. Miner, Mh, 9(1984) 404 

[3] S. Bohlen & A. Boettcher, J. Geophys. Res. 87(1982) 7073 
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GdHoSi2O7: First Double Rare Earth Elements Disilicate  

Synthesized Under High Pressure and Temperature 

Chao Wang & Xiaoyang Liu

State Key Laboratory of Inorganic Synthesis and Preparative Chemistry  

Jilin University, 2699 Qianjin Street, Changchun 130012, P.R. China 

E-mail: liuxy@jlu.edu.cn 

The single rare earth element (REE) disilicate are of increasing technological 

interest because of their electrical, optical properties and their application to optimize 

the properties of ceramic [1,2]. REE disilicate has a complex structural chemistry at 

room pressure due largely to the monotonic decrease in sizes of the REE3+ cation 

through the lanthanide series. Twelve distinct structure types already have been 

reported (A, B, C, D, E, F, G, H, I, J, K, and X). It is well known that 14 rare earth 

elements have the nearly-identical chemical character, with only little increase of 

covalency from La to Lu. Therefore, it is possible to make up the double REEs 

disilicates under the conditions of high pressure and high temperature. Herein, we 

report the synthesis of double-REE disilicate of GdHoSi2O7.

Single crystal GdHoSi2O7 was prepared by direct reaction of stoichiometric 

amounts of REEO3 (Gd2O3, Aldrich, 99.9%; Ho2O3, Aldrich, 99.9%) in the presence of 

3~4 wt% distilled water and amorphous SiO2 (Alfa Aesar, 99.999%) at 2.5GPa, 

1450°C for 12 hours in a piston-cylinder apparatus. Pressure was calibrated from 

melting of dry NaCl at 1050°C and the transformation of quartz to coesite at 500°C

The experimental temperature was monitored by inserting a Pt-Pt90%Rh10% 

thermocouple into the high-pressure cell. The starting mixture was encapsulated in a 

sealed platinum tube with a diameter of 5 mm and a height of 12 mm, which was 

separated by MgO powder from a graphite tube. The experiment was quenched 

before the pressure was released. The product was characterized by optical 

polarizing microscopy (Olympus BX-51), single-crystal and powder X-ray diffraction 

(XRD) and superconducting quantum interference device (SQUID). 

Under high pressure and high temperature, the first double REEs disilicate 

GdHoSi2O7 has been successfully synthesized and the measurement of its physical 

properties is still in progress. 

Reference 

[1] D. Doni, S. Ueno, T. Ohji & S. Kanzaki, Mater. Chem. Phys., 84(2004) 192. 

[2] M.E. Fleet & X. Liu, Z. Krist., 218(2003) 795. 
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Stability of micro- and meso-porous materials under high pressure 

Shi Jin and Xiaoyang Liu

State Key Laboratory of Inorganic Synthesis and Preparative Chemistry  

Jilin University, 2699 Qianjin Street, Changchun 130012, P.R. China 

E-mail: liuxy@jlu.edu.cn 

Micro- and meso-porous materials with three-dimensional open framework 

structures, are of great importance in many fields of applied chemistry, such as 

catalysis, adsorption, separation and host-guest chemistry [1]. But, because of their 

low thermal and hydrothermal stability, many of their applications have been 

undoubtedly limited. Mokaya [2] reported that the stability of mesoporous materials 

can be greatly improved by enhancing the local ordering of the walls. Wu et al. [3] 

investigated the properties of some mesoporous materials. We studied the properties 

of mesoporous materials under the conditions of high pressure and high temperature.  

 Micro- and meso-porous materials NaY zeolite and MCM-41 are used as 

starting materials, respectively, which were synthesized by hydrothermal reaction in 

Teflon-line autoclave. High pressure and high temperature experiment was carried on 

by means of piston-cylinder apparatus. Pressure was calibrated from melting of dry 

NaCl at 1050 C and the transformation of quartz to coesite at 500 C. Inserting a 

Pt-Pt90%Rh10% thermocouple into the high-pressure cell monitored the experimental 

temperature. The starting material was put into h-BN capsule with a diameter of 5.3 

mm and a height of 8 mm. The experiment was quenched before the pressure was 

released. The product was characterized by powder X-ray diffraction (XRD) and     

thermogravimetric-differential thermal analysis (TG-DTA). 

With changes of pressure and temperature, NaY zeolite transformed into another 

zeolite or inorganic salt and peak position of XRD of MCM-41 shift to high-angle 

region, indicating a slight shrinkage in pore size and a slight increase in the thickness 

of the pore walls. 

Reference 

[1] N. Bai, Y. Chi, Y. Zou & W. Pang, Mat. Lett. 54 (2002) 37. 

[2] R. Mokaya & W. Jones, Chem. Commun. (1998)1939. 

[3] J. Wu, X. Liu & S. Tolbert, J. Phys. Chem. B 104 (2000) 11837.        
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Uniaxial stress influence on transport properties of 2D holes at

p-GaAs/Al0.5Ga0.5As heterointerface under the condition of low

temperature photoconductivity

N. Ya. Minina, A. A. Ilievsky, W. Kraak*, E. V. Bogdanov

Moscow State University, 119992 Moscow, Russia, email: min@mig.phys.msu.ru 
*Humboldt University, D-12489 Berlin, Germany, email: kraak@physik.hu-berlin.de

Negative photoconductivity (NPC) arises in p-GaAs/Al0.5Ga0.5As heterostructures

under illumination by a red light emitting diode (LED) below 6K and reveals strongly

thermoactivated character [1]. The thermoactivated NPC effect can be described in a

model with deep donor-like traps (DDLT) situated near a heterointerface just below

the Fermi level (FL) if an energy barrier EB between the ground and excited by light

DDLT states is introduced [1]. We have used uniaxial stress as an external

perturbation for additional checking of the model from Ref. 1. 

Resistivity and the Hall effect have been measured in 2D hole system at (100)

p-GaAs/Al0.5Ga0.5As heterointerface under a combined influence of illumination by a

red LED with photon energy 1.9 eV and uniaxial compression up to P=3.4 kbar along

[110] direction. 2D hole density p and mobility µ were determined under these

conditions in a temperature interval 1.7-20 K.

At 1.7 K carrier density decreases under compression with almost the same

average rate dp/dP = (0.23  0.03) x 1011 cm-2/kbar both in illuminated and dark

states. It permits to suppose that at a fixed temperature pressure dependence of this

quantity reflects the band structure change near a heterointerface and is not affected

by the NPC effect. Just along with this assumption, the value of the barrier EB = (3 1)

meV calculated from the temperature dependence of carrier density at the

thermoactivated NPC condition remains unchanged under pressure up to 3.4 kbar. 

2D hole mobility µ, the other transport property that determines the

thermoactivated NPC effect, decreases with temperature below the NPC transition

point T = 6 K, and this decrease starts to be much stronger under uniaxial

compression: at 1.7 K and P = 3.4 kbar the mobility is 3.5 times less than its value at

P = 0. Numerical calculations, performed with all scattering mechanisms at low

temperature taken into account [2], indicate that at any pressure the decrease of

mobility in the thermoactivated NPC effect is governed by DDLT that are ionized

under illumination. According to the calculations, these traps are located at distances

10-50 nm from a heterointerface and their contribution to the scattering processes

and mobility decrease becomes more significant under uniaxial stress.

[1] W. Kraak, N. Ya. Minina et al. Phys. Stat. Sol. (b) 2003, vol.235, 390.

[2] K. Lee, M. S. Shur, T. J. Drummond, H. Morkoc J. Appl. Phys. 1983, vol.54, 6432.
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Abstract

A lot of attention was given recently both on the electrical and magnetic properties 

and the preparation method of the perovskite oxides, as the properties depend very 

much on the synthesis. The pressure, which is similar to temperature and composition, 

would also influence the structure and properties of solid materials to a certain extent. 

Therefore, searching materials having excellent properties and the optimal 

preparation conditions by the high-pressure synthesis method is desirable. In this 

work, the high-pressure synthesis of the Lead zirconate titanate (PbZr1-xTixO3 or PZT) 

ceramics has been investigated. 

Two kinds of precursors were prepared as follow: (1) a mixture of PbO (99.95%) and 

ZrO2 (99.95%) and TiO2 (99.95%). The molar ratio of PbO, ZrO2 and TiO2 in the 

precursor was 1:0.52:0.48. (2) A mixture of PbO and Zr0.52Ti0.48O2 in molar ratio of 1:1. 

Here Zr0.52Ti0.48O2 was prepared by heat-treated at 1300  for 10h after a (0.52:0.48) 

mixture of ZrO2 and TiO2 was ball-milled for 4h. The above precursors were presses 

by a belt-type press under different pressure and at different temperature for 30min, 

respectively. The XRD results showed that using a mixture of PbO and ZrO2 and TiO2

as precursor, the mixtures of PbTiO3 and ZrO2 and Pb were obtained in the prepared 

products under 1.5Gpa and 3.6 GPa at above 880 . The PbZr1-xTixO3 solid solution 

has not been formed. Using a mixture of PbO and Zr0.52Ti0.48O2 as precursor, under 

the condition of 1.5GPa the PbZr0.52Ti0.48O3 perovskite oxide can be obtained only at 

710-812 .

The Raman spectra were measured at room temperature and the relation between 

the structure of final materials and synthesis conditions has been studies. Three 

bands could be observed in the samples synthesized under 1.5GPa and 710-812 .

The results indicated that the samples were the single-phase PbZr0.52Ti0.48O3

perovskite structure. The thermal expansion of the single-phase sample has also 

been investigated from 100  to 500 .
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Abstract

In electrochemical devices, such as direct methanol fuel cells (DMFCs) or proton 

exchange membrane fuel cells (PEMFCs) or solid oxide fuel cells (SOFCs), use of 

ceramic compounds as electrodes might be an important technology innovation. The 

transition metal perovskite oxide SmCoO3 has been selected as candidate material 

for this application. Rare earth perovskite preparation technique (synthesis method 

and subsequent calcining procedures) has a significant influence on its electrical 

property and catalytic activity. In this work, the high pressure synthesis method was 

used to synthesize the perovskite oxide SmCoO3.

Using Co2O3(99.99%) and Sm2O3(99.99%) as precursor, the mixtures were presses 

by a belt-type press under the pressure of 1.5-4.2 GPa at 1060  and under 3.9GPa 

at the temperature of 710-1230 , respectively. The XRD results showed that the 

mixtures of Co2O3 and Sm2O3 can form the perovskite oxide SmCoO3 above 2.75GPa 

and 1060 , but the product is in mixture state. The single-phase perovskite oxide 

SmCoO3 can be obtained only under the condition of 3.9GPa at 1060 . Three bands 

could be observed in the room temperature Raman spectra of the sample synthesized 

under 3.9GPa and 1060 . The clearly observed band and the most intense was at 

170 cm 1. Two very weak bands were at about 470 cm 1 and 680 cm 1, respectively.    

The result indicated that the sample has the orthorhombic Pnma structure. 

The electrical conductivity and thermal expansion of the single-phase SmCoO3

synthesized under high pressure have also been investigated in the temperature 

range of 100-800 . The conductivity increases with temperature increasing, and a 

semiconductor to metal transition occurs. But the conductivity of the SmCoO3

synthesized under high pressure was lower than the sample prepared by calcinations,

and the reason has been discussed.
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Chromium oxides have been widely used as a kind of functional materials since 

decades years ago. But chromium (IV) oxides with ABO3 perovskite structure are rare 

at ambient pressure due to the unusual electronic distribution of Cr4+, and these 

compounds only can be synthesized under high pressure high temperature (HPHT). 

Goodenough et al firstly synthesized CaCrO3 under HPHT in 1960s. Since then 

investigation on this compound is very rare. We also synthesized CaCrO3 recently

using similar method and studied the high pressure effects on structure and electronic 

properties of CaCrO3. In-situ  high pressure energy dispersive x-ray diffraction

measurements with the diamond-anvil cell (DAC) using synchrotron radiation showed 

the basic crystal structure of CaCrO3 was stable under pressure up to 31GPa. From 

the P-V/V0 relationship we found an isostructure phase transition at about 6GPa. 

According to the Birch-Murnaghan equation of state, we obtained the bulk modulus to

be 113GPa in lower pressure region and 152GPa in higher pressure. The electrical

and magnetic properties of the sample were further investigated. 

Corresponding author:

C. Q. Jin

cqjin@aphy.iphy.ac.cn
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HIGH PRESSURE STUDIES OF MULTIFERROIC 

FERROELECTROMAGNET BIMNO3

Z. H. Chi, C. Q. Jin

Institute of Physics, Chinese Academy of Sciences,100080, Beijing, P. R. China

It is noteworthy that a novel interplay between magnetic and electric property in 

3d transition metal oxides has emerged over the past several years, termed as 

multiferroic. By definition, multiferroic is a group of materials possessing two or more 

of ferroelectric, ferromagnetic and ferroelastic ordering simultaneously. Although the 

investigation history of multiferroic can be traced back to the 1950’s, its perspective of 

potential applications including next-generation spintronic devices and high density 

data storage were corroborated till recently by the discovery of so-called colossal 

magnetodielectric effect in manganites[1]. The goal of our work is to exploit the 

multiferroic nature of Bismuth Manganite(BiMnO3). Samples were synthesized under 

high pressure conditions. We have revealed the ferromagnetic nature of BiMnO3 by 

magnetization measurement. The ferroelectric nature is partially disclosed through 

structural phase transition and polarization measurement.

References:

[1] T.Kimura, T.Goto, H.Shintani et al. Nature 426, 55-58(2003)
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C. Q. Jin

cqjin@aphy.iphy.ac.cn

238



20th AIRAPT and 43th EHPRG Meeting

Synthesis of Boron Doped Diamond with Diamond Anvil Cell

Weiwei Zhang1, Liangchen Chen1, Jinggeng Zhao1, Fengying Li1, Jing Liu2,

Changqing Jin1

1. Institute of Physics, Chinese Academy of Sciences, P. O. Box 603, Beijing

10080, China
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Recently the superconductivity was found in the boron-doped diamond

synthesized at high pressure high temperature (HPHT) with toroid type

high-pressure apparatus at 8–9 GPa, 2,500–2,800 K. [1] This initiates the new 

round of research fever on boron doped diamond. In this report, boron-doped

diamond has been synthesized from graphite mixed with different ratio of B4C

at HPHT using laser heating diamond anvil cell. The starting composition was 

transformed to diamond compound at pressure ~9GPa, 2200K-2600K as

indicated by the in-situ x-ray diffraction pattern with synchrotron radiation 

source. Raman spectrum of the recovered specimen from HPHT state

confirmed that boron has been doped into diamond lattice. 

Reference:

[1] E. A. Ekimov, V. A. Sidorov, E. D. Bauer, N. N. Mel’nik, N. J.Curro, J. D. 

Thompson and S. M. Stishov, Nature 428, 542-544(2004).
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Changqing Jin
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Structural investigations of LaMO3 perovskites (M = Al, Ga, Mn, Fe, Co, Ni, etc.)

have been carried out intensively in connection with their interesting physical 

properties. It is known, especially, that LaAlO3 perovskite has rhombohedral 

symmetry (space group R3c) under 1 atom and room temperature. However, the 

details of crystal structure of this perovskite under high pressure have not been 

reported. In the present study, we report on high-pressure synthesis of LaAlO3

perovskite and its crystallographic characterizations. 

LaAlO3 perovskite were synthesized at 4.5 GPa using a 700-ton cubic anvil type 

of high-pressure apparatus. A 12.5 mm cube of pyrophyllite was used as a pressure

medium. Special grade reagents (99.99%) of La2O3 and Al2O3 were used as starting 

materials, and mixed well together with NaCl + KCl flux in the molar ratio La2O3 : 

Al2O3 : NaCl : KCl = 1 : 1 : 2.5 : 2.5. Pressure was increased slowly up to 4.5 GPa, 

and then temperature was elevated slowly up to 1400 C. After being kept under this 

condition for 15 minutes, the sample was cooled slowly down to 1000 C at the ratio 

of 0.8 C/min and then quenched by shutting off the electric power supply. The 

pressure was released slowly and the sample was recovered to the ambient 

condition.

A synthesized crystal of LaAlO3 perovskite was characterized using a four circle

diffractometer. The result showed that the crystal has orthorhombic symmetry with 

lattice parameters of a = 5.1087(3) Å, b = 5.8744(3) Å, c = 8.2581(5) Å, V = 247.83(2)

Å3. These lattice parameters suggest that it is isostructural with GdFeO3-type

perovskite (the space group Pbnm). We will discuss the detailed structure of the 

synthesized crystal. Moreover, we will report on the results of in-situ high pressure 

experiments of LaAlO3 perovskite. 

241



Synthesis of cBN by Direct Current Arc Discharge Method
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Cubic boron nitride (cBN) has a unique combination of a number of highly

desirable mechanical, chemical, thermal, electrical and optical properties [1,2]. In

particular, it is superior to diamond in that it does not react with ferrous metals readily.

Further more, because cBN is a wide bandgap (Eg 6eV) semiconductor with a good

thermal conductivity, it has the potential usage in high temperature and high power

electronic applications. Thus the deposition of cBN thin films as well as the synthesis

of bulk cBN materials has attracted extensive worldwide efforts.

In this paper, we will report the synthesis of cBN nanocrystals by the direct current

arc discharge method with hBN and NH3 as the starting material and the working

gas, respectively. By this method, we have fabricated nano-scaled cBN crystals

under high temperature (3000K) and low pressure (10 kPa) conditions. We suggest

that the growth of cBN undertakes a sublimation–re-hybridization–crystallization

route. The sublimation of (BN)x segments is caused by the high temperature and the

bombardment of high energy particles. Then the segments transform from sp2-

hybridized to sp3-hybridized bonding on adsorptions of H, NH, NH2 or NH3 radicles.

At last, during the fast refrigeration process the crystallization of cBN occurs. The

kinetic barrier hindrance is thus overcome by the cooperation of extremely high

temperature and bombardment of high-energy particles.

[1] P. B. Mirkarimi, K. F. McCarty, D. L. Medlin, Materials Science and Engineering,

R21 (1997) 47.

[2] L. Vel, G. Demazeau, J. Etoumeau, Materials Science and Engineering, B10

(1991) 149.
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Nowadays, the problem of producing ultra fine grained metals with 10-200 nm grain 

size is among actively developing scientific problems. It is already known that such 

metals possess unique physical and mechanical characteristics.  

In this respect, the reviewed paper aimed at the influence of severe plastic 

deformation and radiation on atomic structure of ultra fine grained metals is urgent.  

The investigation objects were polycrystalline Iridium, Tungsten, Nickel and Copper 

metals (initial grain size ≈ 20-50 µm). 

It has been revealed that in ultra fine grained Iridium influenced be severe plastic 

deformation a grained structure is formed (the grain size of 20-30 nm), but in the 

bodies of grains there are practically no defects of structure, however, after irradiation 

a sub-grain structure, (sub-grain size of 3-5 nm) is formed, and in the bodies of sub-

grains there are defects.  

The sub-grain structure in the surface and near surface volumes of Iridium was for 

the first time found as the resulting from the implantation of argon ions at distances, 

which are the order of magnitude larger than the projective path of argon ions from 

the irradiated surface. 

The sub-grain structure was also revealed in ultra fine grained Nickel and Copper 

after severe plastic deformation effect (sub-grain size of 3-15 nm), but in the latter 

case the observed boundary region is broader and the ultra dispersive sub-grain are 

highly disoriented.  

243



HIGH PRESSURE STUDIES OF EuO

Dhrambir Singh@
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 M. M. Engineering College, Mullana, Ambala (Harayana), India-133203.

Abstract

The rare-earth monochalcognides under pressure have been investigated

experimentally in the last decades because of their interesting optical, magnetic

and electrical properties. Out of these systems, studies of europium

monochalogenides EuX [X = O, S, Se, Te] have received a renewed attention

because of their technological importance [1-4]. These EuX compounds are

semiconducting if the rare–earth ion is in the divalent state and metallic if that is

in the trivalent state [4]. Since recently, we have carried out similar calculations

on the pure Se, Te and EuS, EuSe, EuTe [4-5], it is tempting to take up the

whole series purely from theoretical point of view. In this EuX series, this paper

reports ab-initio calculations which have been carried out to study the pressure–

induced structural transitions and structural stability of the EuO compound. This

paper also reports lattice parameters and bulk modulus values at different

pressures for both phases. The first principal tight-binding linear muffin-tin orbital

method (TB-LMTO) within local density approximation (LDA) has been used to

study the band structure. The phase transition from NaCl (B1) type to CsCl (B2)

type structure have been studied and compared with that of experimentally

observed value. The bulk modulus values are found to be in agreement with

earlier experimental results. 
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      Single crystals of La1.25 Nd0.6 Sr0. 15 CuO4 were grown by the traveling-solvent 

floating–zone method. Sr- content was checked by electron-probe 

microstructure analysis, and the ab- and ac-planes were identified by Laue 

X-ray diffraction technique. Resistivity was measured by the standard dc 

four-probe method with gold paste attached as electrodes, which were 

annealed under flowing oxygen atmosphere at 900oC for a few hours in order 

to reduce contact resistance. A piston-cylinder teflon-pressure cell was used 

for hydrostatic pressure with fluorinate liquid No.#70 as a pressure medium. 

Hydrostatic pressure effect on superconducting transition temperature and 

the structural transition temperatures were measured upto 1.0 GPa in the 

La1.25Nd0.6Sr0.15CuO4 single crystals. We found that the low temperature 

tetragonal phase was suppressed with drastic increase of Tc at a low 

pressure of ~ 0.1GPa. By comparing the pressure effect on 

La1.48Nd0.4Sr0.12CuO4 single crystals, we confirm that pressure is an effective 

two-way control parameter for controlling stripes and superconductivity in 

La-Nd-Sr-Cu-O single crystals.
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About the synthesis and stability of graphitic carbon nitrides 
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Light element-based materials, belonging to the boron-carbon-nitrogen system,

exhibit strongly covalent bondings wich implies exceptional properties, particularly on

a mechanical point of vue. Taking into account the theoretical calculations of Liu and

Cohen who claim a tridimensional C3N4 material harder than diamond, we have

focused our attention on such a material [1,2]. Many attempts have been made by

other groups to synthetize this hypothetical material by means of a variety of

techniques such as physical vapor deposition (PVD), chemical vapor deposition

(CVD)… Concerning our group, instead of trying the direct synthesis of tridimensional

bulk carbon nitride, we have first performed the synthesis of the C3N4 graphitic form

and then studied its structural behaviour under very high pressure. 

This synthesis was successful with a high pressure (2,5 GPa) - high temperature

(800°C) treatment of melamine in presence of hydrazine [3]. We present here a new

way of preparation for graphitic C3N4 at moderate pressure and temperature.

Samples have been characterized by XRD, XPS, thermal analysis, IR spectroscopy,

Scanning Electron Microscopy. The influence of chemical composition on the stability

of the graphitic phase will be discussed.

[1] A.Y. Liu, M.L. Cohen, Science 245, 841 (1989)

[2] A.Y. Liu, M.L. Cohen, Physical Review B 41, 10727 (1990)

[3] H. Montigaud, B. Tanguy, G. Demazeau, I. Alves, S. Courjault, Journal of

Materials Science 35(10), 2547 (2000)
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The crystal structure of high Tc superconductors (HTS) is built of the charge 

reservoir block and [CuO2] conducting layer, while the connection between the charge 

reservoir and [CuO2] conducting layer is the apical oxygen. Intensive efforts have 

been made in studying the apical oxygen of HTS.[1, 2] The novel superconducting 

homologous series Cl-02(n-1)n provide an ideal system to study “apical oxygen” topic. 

Since the divalence oxygen is heterovalence with the monovalence chlorine, it is 

possible to induce hole carriers in the compounds simply through substituting O
2-

 for 

Cl1
-
, namely by “apical oxygen doping” to induce high Tc superconductivity. The

process becomes thermodynamically accessible under high pressure high 

temperature.  This was first realized in the double [CuO2] layered copper-oxychloride 

compound (Sr,Ca)3Cu2O4+dCl2-y.
[3] Using the apical oxygen doping mechanism, for the 

first time we have been able to synthesize a new single [CuO2] layered copper 

oxychloride superconductor Sr2CuO2+ Cl2-y under high pressure high temperature. 

The magnetic susceptibility as well as resistance measurements indicated that the 

bulk superconducting transition temperature (Tc) of the sample is 30K. 

References:

[1] S. D. Conradson and I.D. Raistrick, Science 243 (1989) 1340 

[2] K. A. Muller, Z. Phys. B-condensed Matter 80 (1990) 193 

[3] C.Q. Jin et al., Nature (London) 375 (1995) 301. 
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Sr-Cu-O system has been extensively viewed as a simple composition to build up 

high Tc superconductors. At ambient pressure, Sr2CuO3 forms an orthorhombic 

structure with CuO chains along the a-axis. Studies on Sr2CuO3 have revealed that 

extra O atoms can be incorporated between chains, and in some cases result in the 

superconducting properties [1]. Therefore Sr2CuO3+ is a useful material to investigate 

the additional oxygen, their ordering and the tuning effects on superconductivity. Here 

we report the synthesis, structure evolution and superconductivity with additional 

oxygen content of the tetragonal Sr2CuO3+ . A series of polycrystalline samples with 

the nominal up to 0.9 were prepared under 6.0 GP at 1100 C. A single-phase 

Sr2CuO3+  superconductor was synthesized using a high-pressure technique. A 

systematic variation of Tc has been observed as a function of oxygen content. The 

onset Tc at 75 K of the as-prepared high pressure synthesized sample could be 

enhanced up to 95 K by post anneal treatment. This ranks one of the highest Tc in a 

cuprate superconductor that contains only one [CuO2] plane.  

Reference:
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Recently magnetic ferroelectrics attract much attention because of the possible

applications for the data storage and sensor devices. Fascinating coupling between

magnetism and dielectric properties is also expected. Unfortunately, magnetic

ferroelectrics are rare in the nature and most of these are antiferromagnet with small

response to the external field.  A classical way to obtain a magnetic ferroelectric is to

locate Bi3+ ion and a magnetic transition metal ion on A and B sites of a perovskite

structure so that the 6s2 lone pair of Bi ion and the strong covalent character of Bi-O

bond stabilize a noncentrosymmetric distorted structure. According to Kanamori-

Goodenough rule, a ferromagnetic insulator can be obtained by distributing 2 kinds of

transition metal ions with and without eg electrons in a NaCl type configuration.  We

have succeeded in preparing such designed ferromagnetic ferroelectric double

perovskite (a perovskite where the B site is occupied by 2 kinds of elements)

Bi2NiMnO6 by means of high-pressure synthesis at 6 GPa. Structure analysis by

synchrotron X-ray powder diffraction confirmed the noncentrosymmetric monoclinic

(space group C2) structure and the NaCl type configuration of Ni2+ and Mn4+ ions.

This compound showed ferroelectric and

ferromagnetic transitions at 440 and 140 K,

respectively. 

Figure: Crystal structure of Bi2NiMnO6.

Dark and bright octahedra correspond to

Mn4+O6 and Ni2+O6, respectively.
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Discovery of fullerenes and rapid development of the synthesis techniques for

various forms of nanocarbons (such as nanotubes) stimulates development of a new

family of so called nanostructured materials. High-pressure-high-temperature is

probably one of the most powerful techniques that allow producing a large variety of

bulk, 100% dense materials with nanostructure.

We report on results of investigation of a Fe-C nanocomposite material created by

means of high-energy (ball milling) pre-treatment of iron and fullerene C60 followed by

high-pressure-temperature treatment. The high-pressure-temperature treatment was

of two types: 1) quasi-hydrostatic pressure of 7.7 GPa and different temperatures;

2) different pressures plus shear deformation at ambient temperature.

Ultrasonic pulse (microacoustic) technique at frequency 25 MHz was applied to study

elastic properties of the samples. Optical microscopy, electron microscopy, scanning

probe microscopy and microhardness investigations were carried out to study the

structure and properties of the obtained samples.

Dependencies of the mechanical and structural properties on the chemical

composition and pressure treatment were investigated. It was found that the

properties might be as high as: 210 GPa for bulk modulus; 100 GPa for shear

modulus; 260 GPa for Young’s modulus; 16 GPa for microhardness.
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Recently a novel hydride YMn2H6 has been synthesized from C15 Laves

YMn2 [1,2] under the hydrogen pressure. According to X-ray and neutron powder

diffraction experiments YMn2H6 crystallizes in the Fm-3m space group with

a=6.709(1) Å at 300 K. Thus the initial C15 structure is strongly rearranged to form

the structure in which the Y and half of the Mn atoms occupy statistically the 8c site

whereas the other Mn atoms, located in 4a site are surrounded by 6 H atoms (24 e).

According to our knowledge such kind of hydride has never been observed in

hydrides derived from Laves intermetallics. The systematic investigations of RMn2

Laves (where R is rare earth) was started; first we wanted to prove whether the

structure Fm-3m analogous to that of YMn2H6 can be obtained when parent metal

has C14 type symmetry. We confirmed such possibility for ErFe2  finding novel

hydride ErFe2H6 with Fm-3m structure – the same as YMn2H6.

References.
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Shock compaction for high-Tc Bi-Pb-Sr-Ca-Cu-O (BPSCCO) particles have

been investigated to obtain higher critical current density (Jc) by shock-compaction

technique in order to overcome the weak-link problem around the grain boundaries for

higher Jc. As one of the research for electronic devices, BPSCCO oxide

superconductors are very attractive material as a highly sensitive magnetic sensor.

In the present research, calcined BPSCCO particles with the average particle

size of  2.8 µm was used. After the process of the shock compaction under about 4

GPa and annealed at 850°C for 48 hours, the�M (difference of susceptibility obtained

from the temperature dependency of field cooling and zero field cooling at 20 Oe)

which is proportional to Jc is measured by SQUID magnetometer. As a result, it is

found from the susceptibility measurements as a function of temperatures that�M

clearly increases to 0.0437 emu/g at 5 K and 0.0329 emu/g at 77.4 K for shocked

BPSCCO particles after annealed at 850°C for 48 hours, which seems to indicate the

new pinning centers around the grain boundaries caused probably by the new defects

of vacancies.
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In this work experimentally investigated is expansion of shock-compressed Zn 

and Cr in adiabatic release waves. Dense liquid states with densities of  1.2 0

(where 0 is normal density of metals) and temperatures of T ~ 14 kK are generated 

by shock compression of porous samples up to pressures of 110 GPa. We have 

measured parameters of both metals on two release isentropes (curves h and i in

figures, new data are denoted by open squares and diamonds) in density range 

down to ~ 0.01 0. The onset of evaporation of Cr is experimentally fixed as additional 

increase of the expansion rate within the two-phase liquid–vapor region on the phase 

diagram.
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We propose new semiempirical equations of state for Zn and Cr with taking into 

account the melting, evaporation and ionisation effects. The critical analysis of 

calculated results in comparison with the newly acquired and available at high 

pressures and temperatures experimental data is made.
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Raman study of olivine under high pressure and high temperature

Yanmei Ma, Qiliang Cui, Jian Zhang, Zhi He, Qiang Zhou, Guangtian Zou

National Laboratory of Superhard Materials, Jilin University, 130012, P. R. China

   Since olivine is believed to be an important phase in the Earth's upper mantle,

the characterization of olivine at high pressures and temperatures is an essential part

of the earth sciences. The compressional behavior of olivine has been widely

studied, but in-situ high pressure and high temperature Raman behavior of olivine is

less investigated.

In this paper, Raman spectra of olivine have been studied at temperature from

293k to 773k and at pressure to16 GPa in an externally heated diamond anvil cell.

We have obtained pressure and temperature dependence of Raman shift. The

evidence for the occurrence of phase transition is not presented within the range of

conditions investigated. 

References

 [1]  C.C.Lin, Phys. Chem. Minerals, 28, 249 (2001)
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Viscosity of liquid Fe-S up to 16 GPa 
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J. R. ALLWARDT, Stanford Univ. U.S.A 

K. FUNAKOSHI, A. NOZAWA, Japan Synchrotron Radiation Research Inst. Japan 

Viscosity of liquid Fe-alloy is closely related to convection behaviour of Earth’s liquid 

outer core and also time scale of planetary core formation. In this study, we have 

measured viscosity of liquid Fe-S up to 16 GPa using in situ X-ray radiography falling 

sphere method. 

Falling sphere viscometry was performed under high pressure and temperature using 

high speed CCD camera combined with 1500 ton MA-8 Kawai-type multi-anvil device 

at BL04B1, SPring-8 in Japan. We used WC anvil cubes with truncated edge length 

of 5 mm. Anvil gap was ~ 2 mm before compression and ~ 0.8 mm at 16 GPa. 

Starting material was powdered Fe69S31 which corresponded to the estimated 

Martian core composition [1]. Viscosity marker sphere, which was made of Rhenium 

with a diameter of approximately 140 m, was put in the upper part of the sample. 

BN capsule and LaCrO3 furnace were used. Experimental pressure was determined 

from lattice parameters of MgO pressure marker which was located outside the 

furnace.

Falling of the spheres were observed at 14 GPa, ~ 1427 K and 16 GPa, ~ 1527 K. 

Measured viscosity at 200-400 K above the melting point of the sample shows similar 

viscosity as previously measured for liquid Fe-S up to 7 GPa ( ~10-2 Pa-s) [2]. 

Therefore, activation volume of the viscous flow is estimated to be quite small as 

previously suggested (~1.5 cm3/mol) [2]. However, it is necessary to examine the 

activation energy precisely at the same pressure range to correct the effect of 

temperature.

[1] G. Dreibus and H. Waenke, Meteoritics, 20, 367-382, 1985. 

[2] H. Terasaki et al. Earth Planet. Sci. Lett. 190, 93-101, 2001. 
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Liquid immiscibility of Fe-FeO and Fe-FeO-FeS system at high pressure
and implication for the terrestrial planets

Kyusei Tsuno, Eiji Ohtani

Department of Earth Science, Graduate School of Science, Tohoku University,

Sendai, Japan

e-mail : tsuno@ganko.tohoku.ac.jp

Melting experiments of Fe-FeO-FeS system has been conducted in Kawai-type

multi-anvil apparatus at 15 and 18GPa, and up to 2300oC. At 15 GPa and up to

2200oC, we observed the quenching texture of immiscible two liquids using starting

composition of Fe-11.9wt.%O and Fe-10.4wt.%O-2.6wt.%S, whereas one liquid using

Fe-8.7wt.%O-7.5wt.%S. At 18 GPa and up to 2300oC, we observed immiscible two

liquids using Fe-11.9wt.%O, whereas one liquid using Fe-10.4wt.%O-2.6wt.%S. At

15GPa, our experimental results show that liquid miscibility gap is narrower than

previous study [1]. At I atm, Fe-FeO-FeS system has a large miscibility gap [2], but

our experimental results indicate that it narrows at high pressure. Both oxygen and

sulfur can be in the Earth’s core because the Earth has experienced a moderately

high-pressure differentiation., In contrast, oxygen is not likely to incorporated in the

Fe-S rich core like Mars and Ganymede because they may have experienced the

low-pressure differentiated processes.

References: 

[1] S. Urakawa, M. Kato, and M. Kumazawa, in High-Pressure Research in Mineral

Physics, M. H. Manghnami and Y. Shono, eds (AGU, Washington, D, C, 1987), 95-

111.

[2] V. Raghavan, Phase Diagrams of Ternary Iron Alloys, Part 2, Ternary systems

containing Iron and Sulphur (Indian Institution of Metals, Calcutta, 1988).
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Solubility of silicon and oxygen in liquid iron coexisting 

(Mg,Fe)SiO3-perovskite and implications for core formation 
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kawazoe@ganko.tohoku.ac.jp 

   Solubility of silicon and oxygen in liquid iron coexisting (Mg,Fe)SiO3-perovskite was 

investigated at 27 GPa and 2320-3040 K to discuss the core formation process and 

light elements in the earth’s core. These light elements were dissolved into liquid iron 

to form the core during core formation process. Deep magma ocean is supposed to 

have extended to a depth of lower mantle in the core formation stage (e.g., Ohtani et 

al., 1997[1]). Reaction between the liquid iron and (Mg,Fe)SiO3-perovskite, which is 

the most dominant mineral in lower mantle, must have occurred at base of the 

magma ocean and could have provided silicon and oxygen as the light elements into 

the liquid iron. Knittle and Jeanloz (1991)[2] and Hillgren and Boehler (2000)[3] have 

studied this reaction with a laser-heated diamond anvil cell. However their results are 

controversial perhaps because of a large temperature gradient in the sample and 

possible difference in the fO2 conditions. In this study, high-pressure and temperature 

experiments have been conducted with a Kawai-type multi-anvil apparatus in order to 

obtain more reliable results on this reaction and solubility of Si and O in the liquid iron. 

A reaction between liquid iron and (Mg,Fe)SiO3-perovskite to form magnesiowustite 

and the liquid iron containing silicon and oxygen was clearly observed at relatively 

reducing conditions at 2640 and 3040 K at 27 GPa. The silicon solubility in the liquid 

iron increases with decreasing the solubility of oxygen at a constant temperature. A 

combination of the solubility of silicon and oxygen significantly increases with 

increasing temperature at a constant pressure of 27 GPa. This implies a possibility 

that silicon and oxygen are plausible candidates for the light elements in the Earth’s 

core.

References: 

 [1] E. Ohtani, H. Yurimoto, S. Seto, Phys. Earth Planet. Inter., 1997, 100, 97-114. 

[2] E. Knittle, R. Jeanloz, Science, 1991, 251, 1438-1443. 

[3] V. J. Hillgren, R. Boehler, Proceeding of AIRAPT-17, 2000, 609-611. 
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New high-pressure phase of Al2O3

and implications for Earth’s  D” layer. 

Artem R. Oganov
1
 and Shigeaki Ono
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1
Laboratory of Crystallography, Department of Materials ETH Hönggerberg, HCI G 515, Wolfgang-Pauli-
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2
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Alumina (Al2O3) is an important ceramic material and a major component of the 

Earth’s mantle. According to theoretical [e.g., 1] and experimental [e.g., 2] studies, above 80 

GPa corundum transforms into the Rh2O3(II)-type structure, and it was expected [1] that 

above 200 GPa a perovskite-type phase becomes stable.  

Using ab initio simulations (we have calculated the full P-T phase diagram)  and high-

pressure experiments, we show that a CaIrO3-type phase, isostructural with the post-

perovskite phase of MgSiO3 [3,4] becomes stable above 130 GPa. This necessitates a re-

interpretation of previous shock-wave experiments [4], and has important implications for the 

use of alumina in high-pressure experiments. High electrical conductivity of the CaIrO3-type 

phase of Al2O3 suggests an explanation for the high electrical conductivity of the D’’ layer of 

the Earth, dominated by the CaIrO3-structured phase of magnesium silicate. We show that 

incorporation of Al into MgSiO3 shifts the perovskite/post-perovskite equilibrium to higher 

pressures, but this is more than compensated by the opposite effect of Fe
2+

 and Fe
3+

 (Ref. 6) 

at mantle compositions.  

References:

[1] Thomson K.T., Wentzcovitch R.M., Bukowinski M.S.T. (1996). Science 274, 1880-1882.

[2] Lin J.F., et al. (2004). Nat. Mater. 3, 389-393.
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[4] Murakami M., et al. (2004). Science 304, 855-858. 

[5] Weir S.T., Mitchell A.C., Nellis W.J. (1996). J. Appl. Phys. 80, 1522-1525. 
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Evaluation of Films for Packaging in High Pressure
Food Processing*
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16300 Barbezieux, France.
*Contact : 202 Alain LARGETEAU – largeteau@icmcb-bordeaux.cnrs.fr

Food treatments implying high pressures use pre-packaging, consequently it appears

necessary to validate different packaging films able to be developed in such

processes.

Two different packaging films from AMCOR have been evaluated:

- VIROFLEXAL: BOLSA 80 MICRAS, coextrusion PA/PE (20/60 µm)

- RILTHENE: L SEMI 20/60 MICRAS 870 MM, laminate PA/PE (20/60µm)

Three different physico-chemical characterisations have been used for the evaluation

after HHP treatment: (i) mechanical properties (tensile strength and sealing strength)

(ii) oxygen permeability, (iii) migration (water, acetic acid 3%, ethyl alcohol 10%, iso-

octane).

Two different pressure values have been tested, with a duration of 15 min:

T = +20°C: 400 MPa and 500 MPa

The selection of such values can be justified by the following industrial requirements:

a temperature of +20°C and a pressure between 400 and 500 MPa being considered

as the experimental conditions able to inactivate bacteria and different others micro-

organisms.

* This study has been supported by the « Conseil Régional d’AQUITAINE » in the
scope of the AQUITAINE-EUSKADI Scientific cooperation.
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The development of high pressure freezing processes implies the selection of

packaging films able to be used in such condition.

In this study three different packaging films from SOPLARIL have been selected:

RSD100 (100 m): 20 m PA/10 m Glue/70 m PE medium density – Tubular co-

extrusion, RSE100 (100 m): 30 m PA/10 m Glue/60 m PE free radical, linear –

Cast co-extrusion, RC302 (110 m): 40 m PA/15 m Glue/55 m PE surlyn, ionomer

Zn – Cast co-extrusion.

Three different physico-chemical characterisations have been investigated for

evaluating their high pressure behaviour:

- mechanical properties:  tensile strength and sealing strength

- oxygen permeability,

- water permeability,

- migration (water, acetic acid 3%, ethyl alcohol 10%, iso-octane).

The experimental conditions used are: pressure = 200 MPa, duration = 15 min,

temperature = -20°C. The selection of such values can be justified by the industrial

requirements: -20°C, 200 MPa conditions correspond, in the phase diagram of water,

to the limit where water remains in the liquid state (application for HP freezing or HP

defreezing).

* This study was supported by ACTIA (project RA 01.10)
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Protective effect of mono- and disaccharides on Escherichia coli

cells against high pressure and sub-zero temperature 

Edyta Malinowska-Pa czyk, Ilona Ko odziejska, Katarzyna Sztuka 

Department of Food Chemistry, Technology and Biotechnology, Faculty of Chemis-

try, Gdansk University of Technology, ul. G. Narutowicza 11/12, 80-952 Gda sk, Po-

land

The objective of the investigations was to determine the viability of one of the pres-

sure sensitive strains of Escherichia coli exposed to pressure of 193 MPa and –20 C

in the presence of glucose, saccharose, and lactose. This high pressure was gener-

ated during 40 min at sub-zero temperature in a sealed vessel filled with water. The 

saccharides protected the cells of E. coli against high pressure depending on the 

kind of sugar and the growth phase of bacteria. After pressurization the numbers of 

viable cells of E. coli in the stationary phase, resuspended in phosphate-buffered sa-

line (pH 7), was decreased by about 5 log cycles, while in 0.027 M solution of glu-

cose only by about 0.5 log cycle. In case of saccharose this effect was achieved at a 

concentration of 0.275 M. The least effective was lactose – in 0.275 M solution the 

number of E. coli after pressurization decreased by about 3 log cycles. During pro-

longed pressure treatment, up to 24 h, the protective effect of saccharides decreased 

and the inactivation level of E. coli was similar regardless of the kind of sugar. The 

protective effect of saccharides was lesser in case of cells in the exponential phase 

of growth than in the stationary phase and did not depend on the concentration of 

saccharides in the studied concentrations range 0.027–0.275 M. E. coli cells in the 

exponential phase were inactivated by about 7 log cycles in buffer solution and by 

about 6 log cycles in all investigated saccharide solutions. It may be concluded that 

although the pressure generated in the sealed vessel at –20 C was effective in re-

ducing the viable number of tested microorganism in the buffer, the saccharide com-

ponents of food can protect the pressure sensitive microrganisms, especially cells in 

the stationary phase of growth. However, this level of high pressure, in combination 

with other factors limiting bacterial growth, could be sufficient to ensure the microbial 

safety of food.  

261



Possibilities of shelf-life prolongation of commercial fresh

squeezed carrot juice by HPP pasteurisation
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In the recent years, fresh squeezed non-pasteurized carrot juice with declared

one day shelf-life when stored in the refrigerator at the temperature lower than 6°C,

has appeared on the Polish market.  

In spite of such a short shelf-life period, in case of incidental contamination

with pathogenic bacteria, able to multiply also in refrigerator conditions, risk of food

born diseases becomes probable. Another cause of food born disease might be

improper storage of juice by consumers. 

There are reports in the literature documenting mass food poisoning following

consumption of fresh non-pasteurized apple and citrus fruit juices in different

countries. Therefore, fresh squeezed juices carry health risk for consumers, as well

as waste risk for the producer, related to the necessity to return unsold in one day

juice products.

Fresh squeezed carrot juice in original commercial containers was taken from

the market following directly delivery from the manufacturer. The total bacterial count

(according to method EN ISO 4833:2004) estimated at baseline averaged 105 cfu.

One part of the juice containers was then subjected to HPP at the following

conditions: 500 MPa, 5 min., temp. 2°C.

Significant reduction of bacterial count (by 4 log10 cycles), proper quality of

juice, and preserved sensory quality of the fresh product were observed in the high

pressure treated samples up to 5 days of storage at refrigerator conditions. However,

in the juice samples not subjected to HPP, after 48h increase in bacterial count by 2

log10 cycles (107 cfu) and presence of moulds in average concentration of 50/ml. 

         HPP technology seems therefore a first-line option for pasteurization of fresh

fruit and vegetable juices. Transfer of this method to small and medium enterprises

(SME’s) could be a milestone on the way to widespread implementation of this novel

preservation method, assuring safety of minimally-processed food products. 
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ANTIBACTERIAL ACTIVITY OF MICROFLORA IN THE 

PRESSURIZED YOGHURTS 

A.Jankowska, A.Proszek, A.Reps, K.Wi niewska

Chair of Ford Biotechnology, Heweliusz str. 1 

University of Warmia and Mazury, 10-759 Olsztyn, Poland 

Many strains of lactic acid bacteria and bifidobacteria, as used in the 

manufacture of fermented milk products, reveal antagonistic activity in relation to 

Gram-positive and Gram-negative bacteria, including pathogens. The substances 

which cause the so-called non-specific inhibition include mainly lactic acid and acetic 

acid, hydrogen peroxide and bacteriocins. The highest quantities of H2O2 are 

produced by lactic acid bacteria, including L. delbrueckii ssp. bulgaricus which 

constitute, together with Str. thermophilus, the microflora of yoghurt.

In the experiment, the antibacterial properties of yoghurts, preserved by the 

method of high pressures, were examined. Yoghurts, as obtained from MEY 92 and 

MYE 95 cultures, produced by Danisco Biolacta Food (Olsztyn, Poland) were 

subjected to pressurization under 200 – 400 MPa/15 min., in the intervals of 50 MPa. 

The yoghurts were stored at temperature of 4oC for four weeks. During the storage, 

the antibacterial activity of the yoghurts’ microflora in relation to nine test strains 

(Enterobacter A1, Enterobacter A1/17, E. coli 3, E. coli 323, E. coli 366, Klebsiella 

449, Klebsiella 499, Proteus 16 and Proteus J), was examined. 

The non-pressurized yoghurts demonstrated antibacterial properties in relation 

to all test strains. The pressure of 200 MPa weakened insignificantly the antibacterial 

properties of yoghurts’ microflora. The application of the pressures of 250 – 400 MPa 

inhibited the antibacterial activity of the microflora of yoghurts in relation to most of 

the test strains. After the application of the pressures of 300 – 400 MPa, yogurt with 

MYE 95 lost completely the antibacterial activity whereas yoghurt with MYE 92 

revealed the inhibiting activity only in relation to Enterobacter A1. During the storage, 

microflora of yoghurt with MYE 92 showed stronger antibacterial activity.  
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EFFECT OF PRESSURIZATION ON ENZYMATIC ACTIVITY OF 

COMMERCIAL COAGULATING PREPARATIONS 

Wi niewska K. 

Chair of Food Biotechnology, Heweliusz str. 1,

University of Warmia and Mazury, 10-759 Olsztyn, Poland 

The studies were conducted with the aim to determine the effect of 

pressurization in the range of 20 – 100 MPa /15 minutes on coagulating activity and 

proteolytic activity of the commercial coagulating preparations: of natural Hala rennet 

and preparations obtained with the use of genetically modified microorganisms - 

Chymax, Chymogen and Maxiren. 

The effect of pressurization on enzymatic activity of the examined commercial 

coagulating preparations was determined from the results of the changes in 

coagulation activity of milk proteins and in proteolytic activity according to modified 

Anson method. The activity of the studied preparations was determined directly after 

pressurization and after 24 hours of storage at temperature of 5oC.

The analysis of the obtained results shows that the pressurization in the tested 

range of the pressures affects the enzymatic activity of the studied preparation in a 

differentiated way, depending on the level of the employed pressure, type of 

coagulating preparation and the conditions of determination. 

An insignificant lowering of coagulating activity of the examined preparations 

as a result of pressurization under 20 MPa and a small increase as a result of 

pressurization in the range of 40 – 100 MPa was found. 

The decrease of proteolytic activity was stated for Chymogen preparation as a 

result of pressurization under 20 – 100 MPa, irrespectively of the conditions of 

determination.

The storage (24 h/5oC) of the pressurized coagulating preparations caused 

lowering or insignificant increase of coagulating activity and proteolytic activity, 

depending on the type of the preparation, level of the employed pressure and the 

conditions of determination. 
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Formation of new casein structures by high pressure - in situ

viscosity measurements and structure analysis after treatment
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** Institute for Fluidmechanics and Processautomation, Technical University of

Munich, Freising, Germany

Casein particles or gels are aggregates of casein submicelles and casein monomers

which are stabilised by non-covalent bonds. During pressure increase, casein

micelles dissociate to submicelles by weakening these bonds; during pressure

release, the binding forces take effect again. Instead of the original casein micelle

new hyper-structures are built up. It was shown that the pressure release rate

significantly influences the structure formation of pressure-induced casein gels with

15% casein [1]. The higher the pressure release rate, the firmer the structures after

high pressure treatment. 

In this project the high pressure-induced viscosity of a 5% casein solution was

measured in situ with a rolling ball viscometer [2] and observed during pressure

release phase. Water binding, particle size and viscosity of the samples were

analysed after pressure treatment. 

During pressure increase to 600 MPa the viscosity of the casein solution increased

and remained nearly unchanged during the holding phase of 30 min. After a pressure

release rate of 600 MPa/min the viscosity of the solution was higher than the one of

the untreated solution and large casein particles were detected. A slow pressure

release rate of 20 MPa/min resulted in the lowest viscosity and smaller casein

particles.

Finally, a better understanding of pressure-induced structure formation of casein

micelles in ultra-high pressure treatment may offer opportunities for the creation of

novel dairy products.

1
Fertsch, B.; Müller, M.; Hinrichs, J. (2003): Firmness of pressure-induced casein and whey protein gels modulated by holding time and rate

of pressure release. Innovative Food Science & Emerging Technologies, 4, 143-150
2

Först, P. (2000): The viscosity of water at high pressures- especially at subzero degrees centigrade . Rheol Acta, 39, 566-573
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Melting of copper and nickel; the role of d-electrons
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The present study was undertaken in order to establish the role played by d-

electrons in filled and partially filled bands in determining melting curves by 

focusing on the neighboring fcc metals Cu(d10s1) and Ni(d9s1). Melting curves 

were measured in a laser-heated diamond-anvil cell[1,2] for Cu to 97 GPa (3800 

K) and for Ni to 84 GPa (2970 K). The melting slope (dT/dP) for Ni is found to be 

about half that of Cu. It appears that the “withdrawal” of a single electron from the 

filled Cu d-shell, to “create” Ni, is sufficient to cause a large decrease in the 

melting temperature. This confirms the important role played by partially filled d-

bands[3] in determining melting curves and is consistent with previous 

measurements for fcc transition metals with partially filled d-bands [1,2].  

[1] R. Boehler, Nature (London) 363, 534 (1993). 

[2] D. Errandonea, B. Schwager, R. Ditz, R. Boehler and M. Ross,  Phys. Rev. B

63, 132104 (2001). 

[3] M. Ross, L H. Yang and R, Boehler, Phys. Rev. B 70,xxx(2004).
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In-situ Combined X-ray Diffraction and Conductivity Measurements 

of Pr Metal: Evidence of the Isostructural Phase Transition 

A.Yu. Kuznetsov1, L. S. Dubrovinsky1, and V. Dmitriev2

1Bayerisches Geoinstitut, Universität Bayreuth, D-95440 Bayreuth, Germany 

2Swiss-Norwegian Beam Lines at ESRF, Rue Jules Horowitz 6, BP 220, F-38043 

Grenoble Cedex, France 

A methodology of simultaneous X-ray diffraction and conductivity 

measurements of materials in a diamond anvil cell has been developed. Synchrotron 

powder diffraction and resistance measurements of Pr as a function of pressure and 

temperature were carried out simultaneously in order to confirm or discard a 

hypothesis of an isostructural phase transition and of a critical end point in the vicinity 

of dhcp-fcc structural phase transition in the phase diagram of this metal. Resistance 

of Pr metal showed a complicated behavior which was consistent with previous high-

pressure experiments. The conductivity measurements on decompression revealed 

an anomalous increase of resistance starting from about 10 GPa at 350 K. The onset 

of this anomaly was observed within the stability domain of the fcc phase in the 

phase diagram. The Bragg reflections from dhcp phase were not present in 

diffraction images even at lower pressures. The temperature affects differently the 

pressure of structural fcc-to-dhcp phase transition and the pressure of the 

conductivity anomaly onset. While the negative slope of dhcp-fcc phase transition 

line in P-T phase diagram of Pr is confirmed, the onset of anomaly in conductivity is 

shifted towards higher pressures. 

Obtained results confirm the hypothesis that the anomaly in conductivity is 

associated with an isostructural phase transition in the cubic Pr, whereas the 

structural fcc-dhcp transformation follows and partially overlaps the electronic 

transformation. The developed methodic of simultaneous conductivity and diffraction 

measurements demonstrated reliability and ability to reproduce the relative changes 

of the resistance on decompression.
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High-pressure phases of cadmium phosphide, Cd3P2
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Lyngby/Denmark, gerward@fysik.dtu.dk

J. Staun Olsen, Niels Bohr Institute, Oersted Laboratory, University of Copenhagen, 

DK-2100 Copenhagen/Denmark

V. Kanchana, and G. Vaitheeswaran, Max-Planck-Institut für Festkörperforschung, 

Heisenbergstrasse 1, D-70569 Stuttgart, Germany

At ambient conditions, Cd3P2 is a semiconductor like Zn3P2. Both compounds have a 

tetragonal unit cell with eight formula units. The space group is  (137).  The 

Cd atoms are situated in three of four deformed tetrahedral sites, and the P atoms 

are in octahedral sites. Pistorius et al. [1] have redetermined the crystal structure at 

ambient conditions, and also studied the melting curve of Cd

nmcP /42

3P2 in the pressure 

range 0 – 4 GPa. However, so far little is known about possible pressure-induced 

solid-solid transformations. In the present work we have used energy-dispersive x-ray 

diffraction and synchrotron radiation in conjunction with the diamond-anvil cell to 

study the crystal structure of Cd3P2 in the pressure range 0 – 30 GPa. The equation 

of state and the zero-pressure bulk modulus have been determined for tetragonal 

Cd3P2. These results are compared with theoretical ab initio calculations using the 

full-potential linear muffin-tin orbital (LMTO) method together with the atomic-sphere 

approximation (ASA). A phase transformation is found to occur at about 6 GPa. It is 

likely that the high-pressure phase is related to the Cd3As2 and Zn3As2 V phases, 

which are both orthorhombic with space group Pmmm [2]. An amorphous component 

is found to develop at pressures above about 20 GPa.

References:

[1] C. W. F. T. Pistorius, J. B. Clark, J. C. Coetzer, G. J. Kruger, O. A. Kunze. High 

Temp. – High Pressures. 1977, 9, 471–482. 

[2] C. W. F. T. Pistorius. High Temp. – High Pressures. 1975, 7, 441–449. 
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Soft phonon in the incommensurate phases of bromine and iodine

studied by Raman scattering

T. Kume*, T. Hiraoka, Y. Ohya, S. Sasaki, and H. Shimizu,

Gifu University, Gifu, Japan

Email: kume@cc.gifu-u.ac.jp

Molecular dissociation and metallization in simple molecular solids have been an

attractive subject for long time. Up to now, various diatomic-molecular solids such as

hydrogen, oxygen, nitrogen, and halogen (chlorine, bromine, iodine) have been

investigated under high pressure. According to a recent study for iodine, a new solid

phase (phase V) was discovered just before the molecular dissociation [1]. The

intermediate phase V existing in between the molecular phase I and monatomic

phase II, takes a structure formed by modulating incommensurately the phase-II

structure.

In this work, we have investigated

the phase V of solid bromine as well

as iodine by using high pressure

Raman spectroscopy. For both

bromine and iodine, a new Raman

band was observed in the phase V

(see Fig. 1) and found to shift to low

frequency side with pressure. This

Raman band can be assigned with an

amplitude mode which is peculiar to

the incommensurate structure.

Considering that the displacive phase

transition often indicates the soft

phonons and incommensurate phase,

the present observation allows us to

understand the molecular dissociation

as a displacive phase transition.

[1] K. Takemura, et al., Nature 2003, 423, 971-974.
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Fig. 1. Raman spectra obtained for iodine

and bromine under high pressures.
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M. Shimonod, A. Yoshiasae
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bPF-KEK, Ibaraki, Japanc, JAERI-SPring-8, Hyogo, Japan 

dRyokoku University, Shiga, Japan, eKumamoto University, Kumamoto, Japan 

Copper iodide (CuI) is a much studied material because of the fast-ionic behavior of 

Cu ions in a high temperature phase (CuI-I) with fcc anion sublattice which appears 

above 682 K at room pressure. On increasing pressure at ambient temperature the 

compound transforms from a zincblende structured phase (CuI-III) to a rhombohedral 

phase (CuI-IV) at p=1.7 GPa, to a tetragonal phase (CuI-V) at p=4.5 GPa and to an 

orthorhombic distorted rocksalt structure in phase (CuI-VIII) at p=17 GPa [1]. The p-T

phase diagram determined by DTA measurements [2] is remarkably complex and 

limited to 4 GPa. 

Using a multi-anvil high-pressure device and synchrotron radiation, we have 

performed X-ray in situ observations of CuI under high pressure and high 

temperature up to 22 GPa and 1800 K to investigate the phase relations and crystal 

structures of high-pressure phases. The stability fields of CuI-IV, V, I and VII have 

been determined whereas CuI-VI was not observed and a rocksalt structured phase 

appears above 10 GPa and 700 K instead. We have also attempted electric 

conductivity measurements under pressure. The newly obtained p-T phase diagram 

and the structure and electric property of appeared phases will be discussed. 

References:  

[1] S. Hull, D. A. Keen, W. Hayes, N. J. G. Gardner, J. Phys.: Condens. Matter 1998, 

10, 10941-10954. 

[2] E. Rapoport, C. W. F. T. Pistorius, Phys. Rev. 1968, 172, 838-847. 
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X-ray diffraction study of ZnO beyond 200 GPa

 Y.Mori, K.Ukegawa, T.Mizuno, T.Nishii, N.Niiya and K.Takarabe 

Department of Applied Science, Okayama University of Science 

1-1 Ridai, Okayama 700-0005 Japan 

E-mail: mori@das.ous.ac.jp

The crystal structure of ZnO at ambient pressure is the fourfold-coordinated wurzite 

structure (B4).  A theoretical report described that the B4 phase transforms to the 

sixfold-coordinated NaCl structure (B1) at 9.32 GPa and the B1 phase transforms to 

the eightfold-coordinated CsCl structure (B2) at 256 GPa [1]. The B4 phase 

transformed to the B1 phase at 9.1 GPa and the bulk modulus of the B1 phase was 

reported to be 142.6 GPa [2].  Our reported work has probed the B1 phase of ZnO 

up to 202 GPa by using synchrotron X-ray diffraction [3] and up to 225 GPa by this 

present report. We will extend the pressure range up to 300 GPa in the coming 

experiment at SPring-8. 

The pressure-volume data of the B1 phase up to 190 GPa are accumulated as 

shown in Figure with the previous report. This may allow us to evaluate the bulk 

modulus of the B1 phase precisely by 

reducing the error in the evaluation of B0’, 

however the volume at ambient pressure for 

the B1 phase is assumed. The bulk 

modulus was calculated by Birch's equation 

to be 193.6 GPa. This value is substantially 

large compared to the previous theoretical 

and experimental reports [1,2].  

References

[1] J. E. Jaffe et al., Phys. Rev. B, 62, 1660 (2000).   

[2] S.Desgreniers, Phys Rev B 58, 14102 (1998).   

[3] Y. Mori et al., phys. stat. sol. (b) 241,3198(2004)
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Pressure-Induced Amorphization of Zintl phase BaSi2

T.Mizuno, K.Shobu, T.Nishii, K.Nakamura, Y.Mori, K.Takarabe and M.Imai* 

Department of Applied Science, Okayama University of Science 

1-1 Ridai, Okayama 700-0005 Japan 

National Institute for Materials Science* 

1-2-1 Sengen, Tsukuba 305-0047 Japan  

E-mail: mizuno@phys.das.ous.ac.jp

A Zintl phase BaSi2 is semiconducting and 

has the characteristic crystal structure with 

the Si coordination number 3. Imai et al. 

investigated the phase transition of BaSi2 at 

high pressure and temperature (HPHT) up to 

10 GPa and 1300 K [1]. It is found that the 

HPHT trigonal BaSi2 with the puckered 

graphitic Si layer shows superconducting with 

Tc=6.8 K. If the puckered layer becomes 

flattened the crystal structure is isostructural 

with MgB2.

In this paper we report the result of the 

high-pressure x-ray diffraction up to 60 GPa 

at ambient temperature. The experiment was 

carried out at BL10XU beam line at SPring-8 

and at BL18C beam line at Photon Factory in Japan. Pressure was generated by a 

diamond anvil cell with the top surface of 0.3 mm  in diameter and was determined 

by the Ruby fluorescence method.  A 1:1 mixture of pentane and isopentane was 

used as a pressure-transmitting medium. Figure shows the x-ray diffraction profiles 

under various pressures. The bulk modulus of BaSi2 was calculated by Birch-

Murnaghan's equation to be 36.7 GPa fairly larger than the previous estimation [1]. 

The pressure-induced amorphization occurred around 10 GPa. The amorphous 

phase is quenchable after the upstroke to 60 GPa.  

Reference  [1] M.Imai and T.Kikegawa, Chem. Mater., 2003, 15, 2543-2551 
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High pressure infrared spectroscopy of yttrium hydride  
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Yttrium, a trivalent rare-earth metal, forms hydride (YHx) for hydrogen 

concentration x ranging from 0 to 3. Dihydride (YH2) is a metal having a fcc structure 

with hydrogen atoms occupying the interstitial tetrahedral sites (T-sites) of the metal 

lattice. When the hydrogen concentration exceeds x~2.86, a metal-insulator transition 

takes place with a structural change into a hcp metal lattice [1]. Hydrogen atoms 

occupy the interstitial octahedral sites (O-sites) to open the band gap as a result of 

the s(H)-d(Y) hybridization or the charge transfer from metal to hydrogen.

We synthesized yttrium hydrides by pressurising the raw metal in fluid hydrogen 

in a DAC. A few-µm-thick foil became transparent at pressures below 1 GPa and x-

ray diffraction measurements revealed formation of the hcp structure of YH3.

The IR absorption spectra were measured up to 25 GPa. Three intense peaks 

were observed at 700, 900 and 1300 cm-1, which were assigned as one proton 

vibrational mode of O-site and two of T-site [2],

showing shifts to high frequency with pressure 

(Fig.1). The spectral change was observed at 

12 GPa in agreement with x-ray diffraction 

results showing a hcp-fcc structural transition 

[3]. The T-site peak shifted to low frequency 

and the O-site peak increased in intensity with 

the structural transition. The observed 

frequency shifts were related to the nature of 

hydrogen-metal bonding. 

References:  

[1] J. N. Huiberts et al., Nature 380 (1996) 231 

[2] H. Kierey et al., Phys. Rev. B 63 (2001)134109 

[3] A. Machida et al., “Structural phase transition  

in yttrium hydride at high pressure” in IUCr, HPC 
(Saskatoon, Canada, August, 2004) 

Figure 1 Infrared spectra of yrrtium hydride 
measured up to 22.6 GPa. 
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     At ambient conditions, alkali-earth dihydrides crystallize into the cotunnite-type

structure (PbCl2-type; Pnma). The coordination number of a cation in the cotunnite-

type structure is 9, which is the highest number among the AX2 ionic compounds at

normal conditions. A large number of dioxides and difluorides transform to this

cotunnite-type structure under high pressure. Up to now, two types of structure, a

hexagonal Ni2In-type and monoclinic P21/a structures, are reported as the post-

cotunnite structure.

We present the results of powder X-ray diffraction measurements on CaH2 and SrH2

at high pressures and room temperature. The sample was loaded with a ruby chip

into a hole of a metal gasket of a DAC in a dry box. X-ray diffraction measurements

were performed using synchrotron

radiation sources at Spring-8.

Powder patterns were obtained by

an angle dispersive method with an

image plate detector. The figure

shows the typical diffraction profiles

of CaH2 at selected pressures. The

structural transformation took place

at pressure around 15 GPa. The

high -pressure phase is assigned to

a hexagonal lattice with cell

constants of a = 3.512 and c =

4.593 (25.5 GPa),  the c/a ratio of

which is close to that of a Ni2In-type

structure.
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Hyogo 678-1297, Japan

bNIMS, 1-1 Namiki, Tsukuba, Ibaraki 305-0044, Japan

kawamura@sci.u-hyogo.ac.jp

     Most of transition metals form metal hydrides under high pressure, incorporating

hydrogen in interstices of a pristine crystal lattice. Tungsten hydride, however, has

not been known because the enthalpy of hydrogen dissolving in tungsten is very

large. Thus tungsten is frequently used as a metal gasket to seal hydrogen at high

pressure. Powdered W of a stated purity of 99.95 % (Nilaco Co. Ltd.) was loaded

together with hydrogen at a gas pressure of 180 MPa in a diamond anvil cell by the

use of a gas-loading system at room temperature. High-pressure powder X-ray

experiments were carried out with synchrotron radiation sources on the beam line

BL10XU and BL04B2 stations at SPring-8. Powder patterns were obtained by an

angle dispersive method with an

image plate (IP) detector. The

figure�shows the typical

diffraction profiles of W/H2 -

system at selected pressures.

The structural transformation

took place at pressure around

24 GPa. The high -pressure

phase is assigned to a

hexagonal lattice with cell

constants of a = 2.870 and c =

4.593  (c/a = 1.600) at 29.3

GPa, which indicates that

tungsten forms a metal hydride

above 24 GPa and transforms into the anti-NiAs-type structure.
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Volume compression of Mg and Al to multimegabar pressure 

M. Nishimura, K. Kinoshita, Y. Akahama* and H. Kawamura 

Graduate School of Material Science, University of Hyogo 

3-2-1, Kouto, Kamigohri, Hyogo 678-1297, Japan, akahama@sci.u-hyogo.ac.jp

The high-pressure behavior of the third-period metals, Mg and Al, has been

extensively studied because of their simple electronic structures. Especially, Al with

comparably large compressibility is expected to be a candidate for a precise pressure 

marker under multi-megabar pressure range. Previously predicted structure phase

transitions by first-principles total-energy calculations [1] are also of a great interest 

since these transitions are controlled by the s-d electron transition. 

In this study, the volume compression curves of Mg and Al were measured at 

pressure up to 158 and 222 GPa, respectively, by powder x-ray diffraction

experiments. Fig. 1 shows the present P-V relation of Mg. While a hcp-bcc transition

of Mg was observed at 50 GPa, corresponding to the previous report [2], the K0 and 

K0’ of the EOS of bcc-Mg were determined to be 68.7(7) GPa and 3.47(4), respectively.

For Al, the theoretically predicted fcc-hcp transition was not observed at pressure up 

to 222 GPa. The result is consistent 

with the previous report [3]. 

These results will be

discussed in comparison with other sp

simple metals (Si, P, and S) as well as

the results of theoretical calculations

reported previously.
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[1] J.A. Moriarty & A.K. McMahan,
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Fig. 1 Compression curves of Mg at 297 K.
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Recently, low-Z hydrides have been focused as hydrogen storage materials with

high gravimetric hydrogen capacities. Especially sodium alanate NaAlH4, whose

relative weight of stored hydrogen is 7.5 wt%, attracted interest because it exhibited

reversible absorption/desorption of hydrogen by doped with titanium. [1] Using ab

initio simulation, Vajeeston et al. [2] reported that NaAlH4 transformed to a denser

form with SrMgH4-type structure at 6.43 GPa, indicating that hydrogen might be

stored more efficiently. In the present study, we explored the high-pressure

transformation of NaAlH4 experimentally by means of in situ Raman scattering

spectroscopy and x-ray diffraction measurement.

NaAlH4 was compressed in a helium medium up to 50 GPa using a diamond-anvil-

cell. A drastic change in Raman spectrum was observed at about 10 GPa,

suggesting a pressure-induced transformation from the ambient-pressure form to

high-pressure one. However, x-ray pattern of the high-pressure form did not

correspond to SrMgH4-type structure, which Vajeeston et al. have suggested. With

further increase in pressure, additional transformations were detected at about 20

and 30 GPa both by Raman and x-ray. These transformations occurred reversibly

with small hystereses in pressure.

[1] B. Bogdanovic and M. Schwickardi, J. Alloys Compd., 1997, 253-254, 1-9.

[2] P. Vajeeston, P. Ravindran, R. Vidya, H. Fjellvag, and A. Kjekshus, Appl. Phys.

Lett., 2003, 82, 2257-2259.
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  High-pressure Raman study of Ga2O3

Yanmei Ma, Qiliang Cui, Jian Zhang, Zhi He, Qiang Zhou, Guangtian Zou

National Laboratory of Superhard Materials, Jilin University, 130012, P. R. China

In-situ high-pressure Raman study and X-ray diffraction of -Ga2O3 has been carried

out from 0 to 21 GPa at room temperature with a gasketed diamond anvil cell. It has

been found that the pressure-induced phase transition occurred near 13GPa. This result

suggests that a new phase of -Ga2O3 should be formed at 13GPa.

Monoclinic gallium oxide ( -Ga2O3) is an important wide band gap (Eg = 4.9 eV )

material because of good chemical and thermal stability[1],so much attention has

recently been given to the synthesis of single-crystalline -Ga2O3 nanoribbons,

nanosheets and nanowires. However, high pressure behavior of -Ga2O3 is less

investigated. The transformation from -Ga2O3 to -Ga2O3 (rhombohedral) under high

temperature and high pressure conditions was first reported by Remeika [2] [3]  in 1966.

High pressure Raman behavior of -Ga2O3 is not reported.

In this work we have studied vibrational properties of -Ga2O3 at ambient and high

pressure using Raman spectroscopy. Raman experiments have been complemented

with X-ray diffraction measurements in a diamond anvil cell. We present evidences for

the occurrence of -Ga2O3 to -Ga2O3 phase transition at high pressure.

References

 [1]  S.Gelleer, J.Chem.Phys,. 33(3), 676 (1960).

 [2]  J.P.Remeika et al.,Appl.Phys.Letters., 7,77(1966)

 [3]  M.Marezio et al., J.Chem.Phys., 46 (5),1862 (1967)
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KHCO3
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 T. Kuribayashi, Tohoku Univ., Sendai, Japan 

 John B. Parise, State Univ. of New York, Stony Brook, New York, USA 

 Y. Kudoh, Tohoku Univ., Sendai, Japan 

Under atmospheric pressure, KHCO3 undergoes an antiferrodistortive phase 

transition of an order-disorder type between Phase I (High-temperature phase, Space 

group:C2/m) and Phase II (Low-temperature phase, Space group:P21/a) at TN=318K 

[1].  Two HCO3 groups in the crystal structure are bonded by two H-bonds, and 

formed (HCO3)2
- dimers.  A dimer has two stable rotational angles around the c axis, 

these dimers are disordered in phase I and ordered with an antiphase configuration 

in phase II.  Recently, two new phases are discovered.  One is phase III, induced by 

shear stress.  Phase III is assigned to a ferrodistortive phase having an in-phase 

configuration of dimers [2].  The other is unassigned phase discovered at high 

pressure.  The high-pressure phase undergoes the reversible phase transition 

observed at about 2.8 GPa [3,4].   

We have observed X-ray diffraction of KHCO3 single crystal at high-pressure 

using an X-ray diffractometer with an imaging plate area detector (Rigaku, R-

axisIV++) and a four-circle diffractometer at the beam line BL-10A of Photon Factory, 

KEK, Japan.  Phase transition with sample volume change was optically observed.  

Above the phase transition pressure, some phases were observed by X-ray 

diffraction.  X-ray intensities from one of the observed high-pressure phases were 

corrected, and the structure will be discussed. 

[1] S. Kashida, K. Yamamoto J. Solid State Chem. 1990, vol. 86, 180 

[2] S. Takasaka, Y. Tsujimi, T Yagi Phys. Rev. B. 2002, vol. 65, 174102 

[3] T. Nagai, H. Kagi, T. Yamanaka Solid State Commun. 2002, vol. 123, 371-374 

[4] H. Kagi, T. Nagai, J.S. Loveday, C. Wada, J.B. Parise Am Mineral. 2003, vol. 88, 

1446-1451 

281



Joint 20th AIRAPT – 43th EHPRG, June 27 – July 1, Karlsruhe/Germany 2005 

 

Single crystal X-ray diffraction study on high-pressure phase of 

KHCO3 
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H. Kagi, Univ. of Tokyo, Tokyo, Japan 

 T. Nagai, Hokkaido Univ., Sapporo, Japan 

 T. Kuribayashi, Tohoku Univ., Sendai, Japan 

 John B. Parise, State Univ. of New York, Stony Brook, New York, USA 

 Y. Kudoh, Tohoku Univ., Sendai, Japan 

 

Under atmospheric pressure, KHCO3 undergoes an antiferrodistortive phase 

transition of an order-disorder type between Phase I (High-temperature phase, Space 

group:C2/m) and Phase II (Low-temperature phase, Space group:P21/a) at TN=318K 

[1].  Two HCO3 groups in the crystal structure are bonded by two H-bonds, and 

formed (HCO3)2
- dimers.  A dimer has two stable rotational angles around the c axis, 

these dimers are disordered in phase I and ordered with an antiphase configuration 

in phase II.  Recently, two new phases are discovered.  One is phase III, induced by 

shear stress.  Phase III is assigned to a ferrodistortive phase having an in-phase 

configuration of dimers [2].  The other is unassigned phase discovered at high 

pressure.  The high-pressure phase undergoes the reversible phase transition 

observed at about 2.8 GPa [3,4].   

We have observed X-ray diffraction of KHCO3 single crystal at high-pressure 

using an X-ray diffractometer with an imaging plate area detector (Rigaku, R-

axisIV++) and a four-circle diffractometer at the beam line BL-10A of Photon Factory, 

KEK, Japan.  Phase transition with sample volume change was optically observed.  

Above the phase transition pressure, some phases were observed by X-ray 

diffraction.  X-ray intensities from one of the observed high-pressure phases were 

corrected, and the structure will be discussed. 

[1] S. Kashida, K. Yamamoto J. Solid State Chem. 1990, vol. 86, 180 

[2] S. Takasaka, Y. Tsujimi, T Yagi Phys. Rev. B. 2002, vol. 65, 174102 

[3] T. Nagai, H. Kagi, T. Yamanaka Solid State Commun. 2002, vol. 123, 371-374 

[4] H. Kagi, T. Nagai, J.S. Loveday, C. Wada, J.B. Parise Am Mineral. 2003, vol. 88, 

1446-1451 
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Metastable high-pressure GaSb-Mn phases 

S.V. Popova,O.A. Sazanova, V.V. Brazhkin,  

N.V. Kalyaeva, M.B. Kondrin, A.G. Lyapin 

Institute for High Pressure Physics, 142190 Troitsk, Moscow region Russia 

e-mail: sazanovao@hppi.troitsk.ru 

Solid solutions of the transition metals from the group of iron (Fe, Ni, Cr, Co, 

and Mn) with 
� 3 � 5 compounds are potentially semiconductors or semimetal with 

ferromagnetic properties and, so, may be quite perspective materials for a use as 

base elements in the spintronic technology. Here we present the study of metastable 

high-pressure phases in the stochiometric GaSb-Mn system. We have found that 

upon high-temperature treatment at 6 GPa one can obtain new GaSbMn crystalline 

phases, first, preliminarily a simple cubic ( � =2,946±0,001 Å) at ≈400 oC and, second, 

of the CuAl2-type ( � =6.426±0.004 Å, � =5.349±0.004Å, � /� =0.83, and space group 

I4/mcm) at � >400 oC. At � ~300 oC we obtained upon quenching an amorphous 

phase with a small admixture of crystalline manganese, where the structural data for 

amorphous phase (a GaSb-Mn solid solution) are quite similar to those for 

tetrahedrally-bonded amorphous GaSb.  

The room-pressure properties for all new phases, including density, structural 

data, resistivity, and preliminary magnetic properties, are also presented. The both 

synthesized crystalline GaSbMn phases are metastable and during the differential 

thermal analysis experiments demonstrate complicated two- or three-stage kinetics of 

decay, where the final state of the samples upon room-pressure annealing includes 

crystalline zinc-blend GaSb, MnSb of NiAs type, and Ga. Preliminary study have 

shown ferromagnetic properties with quite high Curie temperatures practically for all 

synthesized metastable GaSb-Mn alloys. Finally, the presented data show that high 

pressure can be efficient instrument for creating new magnetic semiconductors 

among Solid solutions of the transition metals from the group of iron and 
� 3 � 5 

compounds. 
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Phase transitions and amorphization in HfMo2O8 under pressure 
 

G.D. Mukherjeea, A.S. Karandikara, V. Vijaykumara, A.K. Tyagib and B.K. Godwala 
aHigh Pressure Physics Division, bApplied Chemistry Division, 

Bhabha Atomic Research Centre, Mumbai 400 085, India. 
 

 HfMo2O8 belongs to the class of framework-structured materials of the type MX2O8 (M 
= Zr, Hf and X = W, Mo), which have drawn considerable interest due to their negative 
thermal expansion behaviour. At ambient conditions HfMo2O8 stabilizes in a trigonal lattice 
(α-phase) [1]. The structure of α-HfMo2O8 consists of HfO6 octahedra, which share all the 
corners with the MoO4 tetrahedra. Three of the MoO4 tetrahedra apices are linked to HfO6 
octahedra, while the fourth apex points towards the interlayer region. This kind of framework 
arrangement of the octahedra and tetrahedra makes this structure flexible and comparatively 
less dense and hence highly amenable to transformation to denser phases on compression. 
 High pressure structural investigations on α-ZrMo2O8, which is isostructural to α-
HfMo2O8 has shown two successive phase transformations: α - δ (monoclinic) phase at 1 – 
1.1 GPa and δ - ε (triclinic) phase at 2 –2.5 GPa followed by amorphization above 10 GPa [2]. 
α-HfMo2O8 has been found to transform to a 20% denser monoclinic (β) phase at 2.15 GPa 
and 560oC [1]. To our knowledge no other reports on the high pressure studies on HfMo2O8 
are available till date. Therefore we have carried out high pressure powder X-ray diffraction 
(ADXRD) measurements on both α and β phases of HfMo2O8 to investigate the high pressure 
phase transitions in these materials and to look into the pressure induced amorphization (PIA). 
 High pressure ADXRD measurements were carried out at the ELETTRA Synchrotron 
source, Trieste at a λ of 0.7 Å up to 35 GPa. α-HfMo2O8 is found to undergo two successive 
phase transformations similar to α-ZrMo2O8 at about 1.2 GPa 2.6 GPa respectively. On 
further compression above 30 GPa α-HfMo2O8 undergoes irreversible amorphization. The 
PIA in α-HfMo2O8 is attributed to the kinetic hindrance for transformation to the β-phase. β-
HfMo2O8 gradually amorphizes on compression above 35 GPa. However no other high 
pressure phase transition is observed in this material. When heated at 5 GPa and 800oC, β-
HfMo2O8 decomposes to the parent oxides. Also when annealed above 850oC β-HfMo2O8 
reconverts back to α-HfMo2O8. Therefore the PIA in β-HfMo2O8 is attributed to the kinetic 
hindrance to decomposition.  

[1] S.N. Achary, G.D. Mukherjee, A.K. Tyagi and B.K. Godwal, Phys. Rev. B 66 (2002) 
184106, and references therein. 

[2] S. Carlson and A.M.K. Andersen, Phys. Rev. B 61 (2000) 11209. 
 

Keywords: High pressure, Phase transition, Negative thermal expansion, Pressure 
induced amorphization 
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Pressure-induced structural phase transitions in tellurium up to 91Gpa
Kaifeng Yang, Qiliang Cui, Zhi He, Qiang Zhou,Yanmei Ma, Guangtian Zou

Pressure-induced structural phase transitions in tellurium were studied by   high-

pressure energy dispersive X-ray diffraction techniques at room temperature up to

91Gpa. Powders of high purity(99.999wt%) tellurium were studied in the gasketed

diamond anvil cell. a T301 steel gasket(250µm thick, with a central hole of 80µm in

diam) was used to contain the sample, and the diamond anvils with a 300µm top

surface were used to generate high pressure.. A methanol:ethanol:water mixture in a

16:3:1 ratio was used as the pressure-transmitting medium, and the pressure was

determined by the well known ruby fluorescence measurement.

Jameison and McWhan(1965) [1]suggested that a simple cubic structure might

be stable at intermediate pressure, but this speculation has not been confirmed yet.

The purpose of our study is to confirm that whether the simple cubic structure of

tellurium exists at a higher pressure. The result suggests that the bcc structure of

tellurium is stable up to 91Gpa. Although the simple cubic structure was not found, a

little change of the structure has been turned up with pressure increasing, and a

phase transition at about 14Gpa was observed besides of the phase transitions at

4Gpa, 6.4Gpa, and 26-32GPa.

References:

 [1]Jameison, J. C., and D. B. Mcwhan, Crystal structure of tellurium at high pressure,

J. Chem. Phys., 43, 1149-1152,1965.
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Structural properties, infrared reflectivity, and Raman modes of 

SnO under pressure 

X. Wang1, F. X. Zhang1, I. Loa1, K. Syassen1, M. Hanfland2, and Y.-L. Mathis3   
 

1Max-Planck-Institut für Festkörperforschung, Heisenbergstrasse 1,  
D-70569 Stuttgart, Germany 

 
2European Synchrotron Radiation Facility, BP 220, F-38043 Grenoble, France 

 
3Institut für Synchrotronstrahlung, Forschungszentrum Karlsruhe,  

D-76344 Eggenstein, Germany 
 

Tin monoxide crystallizes at room temperature in the layered litharge structure. The 

compound has stereochemically active lone-pair electrons and it is semiconducting 

under normal conditions. We have investigated the high-pressure behavior of SnO 

using a combination of experimental methods (monochromatic synchrotron x-ray 

diffraction, Raman spectroscopy, and synchrotron MID -IR reflection). The litharge-

type structure is observed up to at least 30 GPa. Changes in interatomic distances 

are determined via full Rietveld refinements of diffraction patterns. SnO undergoes an 

insulator to metal (IM) transition at 5(1) GPa; this electronic change is attributed to 

the closure of an indirect gap. Zone-center Raman mode frequencies are hardly 

affected by the IM transition. Our results will be discussed in the light of several first-

principles calculations, e.g. [1-3], as well as related experimental studies of structural 

and dynamical properties [4-6].  

 

[1] E. L. Peltzer y Blanca et al., Phys. Rev. B 48, 15712 (1993). 
[2] M. Meyer et al., Phys. Rev. B 64, 045119 (2001). 
[3] J.-M. Raulot et al., Solid State Sciences 4, 467 (2003). 
[4] D. M. Adams et al., Phys. Rev. B 46, 11358 (1992). 
[5] H. Giefers et al., Physica Scripta, in print. 
[6] G. Wortmann et al., private communication 
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Effect of pressure on structural and dynamical properties 

of LiCoO2 and NaCoO2 
X. Wang,1 I. Loa,1 K. Kunc1, K. Syassen,1 M. Hanfland,2 

 
1Max-Planck-Institut für Festkörperforschung, Heisenbergstrasse 1, D-70569 

Stuttgart, Germany 

2European Synchrotron Radiation Facility, BP 220, F-38043 Grenoble, France 

 
The layered sodium cobaltites NaxCoO2 (x ≤ 1) have attracted attention recently in the 

framework of correlated-electron physics and superconductivity. On the other hand, the most 

remarkable property of the structurally related compounds LixCoO2 is allowing reversible 

removal and reinsertion of the Li ions as utilized in rechargeable Li batteries. We have 

studied the structural and spectroscopic properties of the fully charged (x = 1) 

semiconducting compounds LiCoO2 and NaCoO2 at high pressures by synchrotron x-ray 

diffraction and Raman spectroscopy. Both compounds have a similar layered structure with 

space group R-3m. At variance with predictions of a layered to cubic transition of LiCoO2 at 

moderate pressures, the x-ray diffraction data show no sign of a phase change up to 30 

GPa, as is also supported by Raman spectroscopy. A similar behavior is found for NaCoO2. 

Detailed information about the effect of pressure on the metal-oxygen bond lengths, in 

particular the compressibility differences of Li(Na)-O and Co-O bonds, is obtained via full 

Rietveld refinements. The pressure coefficients for the observed A1g and Eg Raman modes 

and thus the mode-Grüneisen parameters were determined for both compounds. The 

experimental results obtained here serve as a test for published and ongoing first-principle 

calculations of the static and dynamic properties of cobaltites. Preliminary experimental 

results will be reported on the structural properties of alkali-deficient metallic cobaltites with 

0.5<x<1.  
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Pressure-induced phase transitions in KFe(MoO4)2

M. Maczkaa, G. D. Saraivab, A.G. Souza Filhob, W. Paraguassub, C.A.Perottonic,d, M.

R. Gallasd, P.T.C. Freireb, F.E.A. Melob, V. Lemosb, J. Mendes Filhob, J. Hanuzaa,e

aInstitute of Low Temperature and Structure Research, Polish Academy of Sciences,

P.O. Box 1410,  Wroclaw 2, Poland, maczka@int.pan.wroc.pl

bUniversidade Federal do Ceará, Depto. de Física, P.O.Box 6030, Fortaleza-CE-

Brazil

cUniversidade de Caxias do Sul, Centro de Ciências Exatas e Tecnologia,

Departamento de Física e Química, 95070-560 Caxias do Sul - RS - Brazil

dUniversidade Federal do Rio Grande do Sul, Instituto de Física - Lab. de Altas

Pressões e Materiais Avançados, 91501-970  Porto Alegre - RS - Brazil

eDepartment of Bioorganic Chemistry, Faculty of Industry and Economics,

University of Economics, 118/120 Komandorska Str., 53-345 Wrocław, Poland

KFe(MoO4)2 is a layered compound exhibiting temperature-induced ferroelastic and

antiferromagnetic phase transitions. In this work, KFe(MoO4)2 has been studied by

Raman scattering up to 4 GPa. We have found significant changes in the Raman

spectra at about 1.3 GPa that were interpreted as a structural phase transition from

the D3d
3 phase to most likely D3d

4 phase. This transition was shown to be reversible.

Upon further increase of pressure the crystal exhibited a phase transition into another

phase at about 1.8 GPa. The large increase in the number of observed Raman lines

and large frequency changes of the observed modes indicated that this transition

leads to a lower-symmetry phase with significant distortion of the unit cell. This phase

remains stable upon releasing the pressure. Therefore, we may conclude that the

second phase transition is irreversible. The X-ray diffraction studies performed for the

high-pressure phase outside the pressure cell revealed that this phase is triclinic and

partially amorphous. The amount of amorphous phase is significantly reduced by

heating the sample up to 380ºC,  but the symmetry of the phase remains unchanged.
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2Institute of Materials Structure Science, High Energy Accelerator Research

Organization (KEK), Tsukuba, Ibaraki 305-0801, Japan

 Calcium (Ca) forms a fcc lattice at ambient conditions and transforms to bcc

lattice at 20 GPa and to simple cubic structure (sc) at 32 GPa [1]. And it has been

reported that this sc structure is stable up to 85 GPa. The electrical property and the

crystal structure of some alkaline earth metals at high pressure are governed by the

pressure-induced s-d electron transfer. The maximum value of the superconducting

transition temperature (Tc) is obtained at the state of the completion of the s-d electron

transfer, where the crystal forms Ba-IV structure. In the case of Ca, its Tc increases

with pressure and reaches 15 K at 150 GPa [2]. It could be expected in the possible

higher-pressure phase, such as Ba-IV type phase, than the sc phase.

Here we have investigated X-ray diffraction study on Ca up to 130 GPa. The

polycrystalline sample was loaded into the diamond-anvil cell without any pressure

transmitting medium. Pressures up to 70 GPa were determined on the basis of the

ruby pressure scale. The pressure determination above 70 GPa were conducted from

the d values on the basis of the equation of state of Pt and Re, the latter of which was

used as gasket metal. The diffraction patterns were collected on BL-18C and BL-13A

at photon Factory (KEK).

We found that sc phase is stable in the wide region form 32 GPa to 117 GPa. By

further compression, a structure change was clearly observed in the diffraction pattern.

It indicates the existence of a new high-pressure phase. The sc phase is not stable

above 117 GPa. But the structure of the new high-pressure phase remains to be

determined.

[1] H. Olijnyk and w. B. Holzapfel, : Phys. Lett. 100A 191 (1984).

[2] S. Okada et al., : J Phys.Soc. Jpn. 65 1924 (1996).
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High Pressure Mechanochemistry: Conceptual Multiscale

Theory and Interpretation of Experiments

Valery I. Levitas,

Texas Tech University, Department of Mechanical Engineering,

Center for Mechanochemistry and Synthesis of New Materials,

Lubbock, TX 79409, USA, email: valery.levitas@coe.ttu.edu

Fifteen mechanochemical phenomena observed under compression and plastic

shear of materials in rotational diamond anvil cell (RDAC) are systematized. They are

related to strain-induced structural changes (SCs) under high pressure including

phase transformations and chemical reactions. The objective of the paper is to

develop a simple, three-scale continuum thermodynamic theory and closed form

solutions which explain these phenomena. At the nanoscale, a model for strain-

induced nucleation at the tip of a dislocation pile-up is suggested and studied. At the

microscale, a simple strain-controlled kinetic equation for the strain-induced SCs is

thermodynamically derived. A macroscale model for plastic flow and strain-induced

SCs in RDAC is developed. These models explain why and how the superposition of

plastic shear on high pressure leads to: a) a significant (by a factor of 3-5) reduction

of the SC pressure, b) reduction (up to zero) of pressure hysteresis, c) the

appearance of new phases, especially strong phases, which were not obtained

without shear, d) strain-controlled (rather than time-controlled) kinetics, or e) the

acceleration of kinetics without changes in the SC pressure. Also, an explanation

was obtained why a nonreacting matrix with a yield stress higher (lower) than that for

reagents significantly accelerates (slows down) the reactions. Some methods of

characterization and controlling the SCs are suggested and the unique potential of

plastic straining to produce high-strength metastable phases is predicted [1-3]. Phase

transformations in BN, Si and Ge are considered in detail.

1. V. I. Levitas. Phys. Rev. B. 2004, vol. 70, 184118,1-24.

2. V. I. Levitas Continuum Mechanical Fundamentals of Mechanochemistry. In: High

Pressure Surface Science and Engineering. Section 3. Institute of Physics, Bristol,

Eds. Y. Gogotsi and V. Domnich, 2004,159-292.

3. V. I. Levitas, L. K. Shvedov. Phys. Rev. B. 2002, vol. 65, 104109, 1-6.
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Structural changes and pressure-induced chemical decomposition

of boric acid

A. S. Pereira1, J. Haines2, A. Yu. Kuznetsov3, L. Dubrovinsky3, V. Dmitriev4, P.

Pattison4,5

1Instituto de Física e Escola de Engenharia, Universidade Federal do Rio Grande do

Sul, 91501-970, Porto Alegre, RS, Brazil <altair@if.ufrgs.br>
2Laboratoire de Physico-Chimie de la Matière Condensée, Université Montpellier II,

Montpellier Cedex 5, France <jhaines@lpmc.univ-montp2.fr>
3Bayerisches Geoinstitut, Universität Bayreuth, D-95440 Bayreuth, Germany

<Alexei.Kuznetsov@uni-bayreuth.de>
4Swiss-Norwegian Beam Lines at ESRF, Rue Jules Horowitz 6, BP 220, F-38043

Grenoble Cedex, France
5Laboratory of Crystallography, Swiss Federal Institute of Technology, BSP,

CH-1015 Lausanne, Switzerland

X-ray powder diffraction studies along with complementary Raman and infrared

spectroscopy measurements disclosed the pressure-induced chemical

decomposition of boric acid, H3BO3. The layered triclinic structure of H3BO3 suffers a

highly anisotropic compression associated to a strong reduction of the interlayer

spacing. The starting structure becomes unstable at about 2 GPa and decomposes

on a cubic polymorph of the metaboric acid, HBO2, and ice. Two structural

modifications of ice, ice VI and ice VII, are formed in the course of the chemical

decomposition of boric acid. X-ray diffraction data suggest a new polymorph of

H3BO3 as a precursor structure of the decomposition process. The triclinic lattice of

the new phase has a translation period corresponding to 3 layers of hydrogen-

bonded B(OH)3 molecules in place of the 2 layers period observed in the initial

phase. The large volume variation and the important structural changes associated

to the decomposition suggest a high free energy of activation. This yields a slow

kinetics at room temperature, and a phase composition very dependent of the

specific pressure-time path followed by the sample. Based on the obtained results a

mechanism for the chemical decomposition of H3BO3 is proposed and the possible

role of hydrogen bonds in the observed transformations is discussed.
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Investigations of phase transformations in red mercuric iodide under  

high pressure

Sukanta Karmakar and Surinder M. Sharma

Synchrotron Radiation Section, Bhabha Atomic Research Centre, 

Mumbai 400085, India 

Abstract

We have investigated the behavior of red mercuric iodide ( -HgI2) under high pressures 

using in situ x-ray diffraction and optical absorption  measurements. Our experimental 

results indicate that the tetragonal to orthorhombic phase transformation, observed at 

1.4 GPa, is accompanied by an abrupt increase in the band gap while the nature of the 

gap does not change. In addition we find that all the Raman active mode frequencies 

increase with pressure up to 1.3 GPa, beyond which the modes of the tetragonal phase 

disappear and new modes appear supporting the  tetragonal  orthorhombic structural 

transition around this pressure.  At still higher pressures, at ~ 7.2 GPa, HgI2 undergoes 

an orthorhombic to hexagonal phase transformation marked by a  discontinuous 

decrease in the band gap  as well as its character  changes from direct to indirect type.  

These studies suggest that HgI2 may metallize at  ~ 40 GPa, if not prevented by any 

other structural change. 
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Phase competition and the effective time scale for resolidification

Frederick H. Streitz, Mehul V. Patel, James N. Glosli, University of California/Lawrence

Livermore National Laboratory, Livermore, California (USA), streitz1@llnl.gov

We investigate the time scale for pressure-induced solidification in a molten

metal by simulating the process using molecular dynamics techniques. We find

that the time to solidification in the simulation depends on the availability

(or lack thereof) of competing solid phases into which the liquid can

crystallize. We demonstrate this dependence using both a highly accurate,

quantum-based potential (the MGPT potential) and a simple, Morse-like

potential that has been modified to alter the relative stability of various

solid phases.

Work performed under the auspices of the U.S. DOE at the University of

California/Lawrence Livermore National Laboratory under contract

W-7405-ENG-48
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The langatate which belongs to the langasite family, is known to be a promising

successor of quartz for high technology resonators. Its structure is closely related to

those of quartz and consequently the question of its stability under pressure is of

prime interest from both technological development and theoretical point of view.

Up to now, its basic properties, phase diagram, equation of state, elastic constants

are controversial or unknown. Results presented here have been obtained by x-ray

diffraction and ultrasonic method [1]. The elastic tensor has been entirely determined

under pressure and the Born criterium extracted.
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[1] M Gauthier, D Lheureux, F Decremps, M Fischer, JP Iti���� Syfosse and A Polian,

Rev. Sci. Instrum. 2003, 74, 3712
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High pressure induced phase transitions dynamics in ammonium 
halides. 
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Ural State University, Lenin Avenue, 51, Ekaterinburg 620083, Russia 

email: Galina.Tikhomirova@usu.ru, Alexey.Babushkin@usu.ru 

 

Phase transitions in polycrystalline ammonium halides NH4X (X: F, Cl, Br) 

induced by high pressure were found. The transitions become apparent in jumps in 

resistivities by orders of magnitude from the value more than 108 Ohm down to 

several kOhm at the threshold pressure Pc of about 40, 27 and 15 GPa for 

ammonium chloride (NH4Cl), fluoride (NH4F), and bromide (NH4Br), respectively. 

Similar sharp transitions were observed near Pc in the temperature dependence of 

resistivity. A hysteresis typical for first-kind phase transitions was observed in the 

resistance of all three materials in dependence on pressure and temperature. The 

steady-state values of Pc were reached after sufficiently long exposure of samples 

under stress. The duration of the pressure treatment is quite different for these three 

materials. Initial loading of the samples by the pressure of 50 GPa causes the 

change in the resistance only after the exposure under stress during a month for 

NH4F, about 10 days for NH4Cl and seconds for NH4Br. The correlation between the 

times of such a treatment, as well as between Pc values and the density of the 

materials (the atomic weight of halogens F, Cl and Br) was found. All the ammonium 

halides show metal-like behavior under high pressures similar to that of alkali halides.  

The time dependence of resistivity of the ammonium halides at changing 

pressure was studied. The relaxation of resistivity obeys the exponential low at the 

pressures far enough from the critical ones; the relaxation times are tenths seconds 

or minutes. At the pressures close to Pc, the resistivity relaxation becomes highly 

non-exponential; the time delay of hours to days appears before the phase transition 

(resistance jump).  

This work was supported in part by CRDF grant EK-005-X1 for Ural Center of 

Research and Education "Advanced materials".  
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Possible reaction paths in acetylene derivatives under pressure 
 

C. Mediavilla, J. Tortajada, M. Taravillo, M. Cáceres, J. Núñez and V. G. Baonza, 

Universidad Complutense, 28040 Madrid, Spain, E-mail: vgbaonza@quim.ucm.es  

 

 

Acetylene and its derivatives can be regarded as model systems for high-pressure 

chemistry due to the high reactivity of the triple bond. A number of examples of 

pressure-induced chemical reactions have been recently reviewed. [1,2]  

 

Although most high-pressure reactions occurring in simple molecular systems lead to 

polymeric materials, geometrical restrictions might lead to intermediate species that 

can be of interest in new synthetic routes. In order to illustrate this possibility, we 

discuss here the possible reaction paths of the condensation process occurring in the 

monoclinic (C2/m) phase II of dimethylacetylene. The reaction process is studied by 

Raman spectroscopy and analyzed in the light of the density functional theory at the 

B3LYP/6-311++G(2d,2p) level. Differences with previous results for acetylene are 

provided. The possible stabilization of highly reactive intermediate species by 

pressure is considered, and implications on new synthetic routes are discussed.  

 

 

[1] V. Schettino, R. Bini, Phys. Chem. Chem. Phys. 2003, 5, 1951-1965. 

[2] R. J. Hemley, Annu. Rev. Phys. Chem. 2000, 51, 763-800. 

[3] V. G. Baonza, O. R. Montoro, M. Taravillo, M. Cáceres, J. Núñez, J. Chem. Phys. 

2004, 121, 11156-11162. 
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Structural transformations in pre-annealed Czochralski silicon
treated under enhanced temperature-pressure

Andrzej Misiuk, Institute of Electron Technology, 02-668 Warsaw, Poland,

misiuk@ite.waw.pl 

Sergey Dub, Institute of Superhard Materials, 04074 Kiev, Ukraine, lz@ism.kiev.ua

Barbara Surma, Institute of Electronic Materials Technology, 02-919 Warsaw,

Poland,  barbara.surma@wp.pl

 Vladimir V. Shchennikov, Institute of Metal Physics, RAS, 62019 Yekaterinburg,

Russia, vladimir.v@imp.uran.ru

Processing of Czochralski silicon (Cz-Si, basic semiconductor in microelectronics) at

high temperature (HT) leads to clustering of oxygen always present in Cz-Si (oxygen

content, co, can reach ≥ 1.1x1018 cm-3), with a creation of SiO2-x precipitates

exhibiting tensile stress on the matrix. Oxygen precipitation, the stress mentioned

and so the defect structure of Cz-Si are affected by  hydrostatic pressure (HP)

exerted by inert medium at HT [1]. The effect of HT – HP treatment (typically for 5 h)

at 1230  / 1400 K under HP up to 1.2 GPa on structural transformations in Cz-Si was

investigated by microhardness, photoluminescence (PL) and related measurements.

To create  nucleation centres for  precipitation (NC’s), Cz-Si was subjected to one

step pre-annealing at 720 K  (samples A, resulting co = 1x1018 cm-3) or to 4 steps pre-

annealing at up to 1000 K (samples B, co = 3.6x1017 cm-3).

Pre–annealing of Cz-Si at 720 K for up to 20 h affects its microhardness (H) only

slightly while the B samples are less hard (H equals to 15.9 and 14.4 GPa,

respectively). The HT – HP treatment of A samples results in  decreased co  (after the

treatments at 1230 K under 0.01 GPa and 1.2 GPa,  co equals to 7.3x1017 cm-3 and

5.8x1017 cm-3, respectively).  The treatment of B samples at 1230 / 1400 K under HP

results in increased H (up to 16.6 GPa) while the density of dislocations (evidenced

by the presence of PL lines at 0.81 eV and 0.87 eV) decreases with HP in the case of

treatment at 1230 K but increases after the  treatments at 1400 K. 

Structural transformations in treated Cz-Si are related to the effect of HP on the

creation and stability of NC’s as well as on diffusivity of oxygen and of Si interstitials.    

1. A. Misiuk, B. Surma, J. Bak-Misiuk, Eur. Phys. J. Appl. Phys. 2004, 27, 301-303. 
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Thermodynamic Properties of Organic Molecular Crystals from First 
Principles 

Frank J. Zerilli, Naval Surface Warfare Center Indian Head Division, Indian Head, 

Maryland 20640 USA, ZerilliFJ@ih.navy.mil, and Maija M. Kuklja, Division of Material 

Research, National Science Foundation, Arlington, Virginia 22230 USA 

 The objective of this work is to determine thermodynamic properties of a class 

of organic molecular crystals referred to as energetic materials from first principles 

quantum mechanical solutions of the many body Schrödinger equation.  

 Near current state of the art techniques for solving the approximate quantum 

mechanical equations for systems of nuclei and electrons are incorporated in 

computer programs such as CRYSTAL and ABINIT. The calculations are 

computationally intensive, requiring near state of the art computational capability. In 

addition, we are able to take advantage of new techniques involving embedded 

clusters in which a relatively small group of atoms may be treated quantum 

mechanically while embedded in a classical field which reproduces the crystal 

environment. While this method is less precise than full periodic structure methods, 

calculation of the 0 K isotherm of 1,1-diamino-2,2-dinitroethylene (FOX-7) with this 

method compares favorably with full periodic structure calculations. 

 In recent work, the 0 K isotherms of solid nitromethane, FOX-7, and β HMX 

were calculated. It was found that Hartree-Fock calculations give the best agreement 

with experiment and a calculation with complete optimization of the internal molecular 

coordinates gives excellent agreement with experimental data. For the best results, 

especially for anisotropic materials, it is necessary to optimize both atomic 

coordinates and lattice parameters under a fixed volume constraint.  

 In addition, the full equation of state was constructed for FOX-7 from ab-initio 

calculations giving results which compare remarkably well with experimental data. 

The above zero temperature contribution to the free energy was calculated from the 

phonon frequency spectrum obtained with density functional theory (DFT) in the local 

density approximation (LDA). 
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Powder x-ray diffraction study on mercury up to 200 GPa

K. Takemura, S. Nakano, and Y. Ohishi*

National Institute for Materials Science (NIMS), Tsukuba, Ibaraki 305-0044 Japan

*Japan Synchrotron Radiation Research Institute (JASRI), Mikazuki, Hyogo 679-5198

Japan

Mercury becomes solid at about 1.2 GPa at room temperature. After solidification,

it undergoes several structural phase transitions under pressure [1]: alpha (simple

rhombohedral), beta (body-centered tetragonal), gamma (orthorhombic) and delta

(hcp). The delta phase is reported to be stable to at least 67 GPa [1]. First-

principles calculation predicts a wide stability range for the delta phase up to 1 TPa [2].

In order to study the structural stability of the delta phase at ultrahigh pressures, we

have carried out powder x-ray diffraction experiments on mercury up to 193 GPa at

room temperature. No phase transition was observed in this pressure range. The

c/a axial ratio decreased from 1.75 to 1.64 at the highest pressure. We have fitted

the Birch-Murnaghan equation of state to the present pressure-volume data. For

high-pressure phases, it is better to use the bulk modulus and its pressure derivative

at a reference pressure as fitting parameters, rather than to use those at atmospheric

pressure [3]. This is due to the large uncertainty in volume of the high-pressure

phase extrapolated to atmospheric pressure. By using the reference pressure of 50

GPa, we have obtained the bulk modulus and its pressure derivative as 292 GPa and

5.5, respectively. General trends in the variation of the c/a axial ratio for hcp metals

under pressure will be discussed including the comparison with the same group

elements Zn and Cd [4].

[1] O. Schulte and W. B. Holzapfel, Phys. Rev. B 48, 14009 (1993); ibid. B 53, 569

(1996).

[2] J. A. Moriarty, Phys. Lett. A 131, 41 (1988).

[3] W. B. Holzapfel, Rev. High Press. Sci. Technol. 11, 55 (2001).

[4] K. Takemura, Phys. Rev. B 56, 5170 (1997).
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5 European Synchrotron Radiation Facility, BP 220, Grenoble, F-38043 France 
 

AWO4 tungstates (A = Ca, Sr, Pb, or Ba) crystallize in the scheelite structure (I41/a, Z = 4) 

and have important technological applications as laser-host, luminescence materials, 

scintillators, photoanodes and oxide ion conductors. The scheelite-type tungstates have 

been focus of recent studies at high-pressure because of the identification of several 

phase transitions [1, 2]. We have performed angle-dispersive x-ray diffraction (ADXRD) 

and x-ray absorption near edge structure (XANES) measurements in CaWO4, SrWO4, 

PbWO4, and BaWO4 under high pressure up to 20 GPa. ADXRD and XANES experiments 

were performed in a DAC at the APS (16-IDB beamline) and the ESRF (ID24 beamline), 

respectively. Similar phase transitions and transition pressures have been observed for 

the four tungstates using the two techniques. The four materials are found to undergo a 

scheelite-to-fergusonite phase transition at 10.5 GPa, 9.9 GPa, 9 GPa, and 7.1 GPa, 

respectively. The fergusonite phase (C2/c, Z = 4) remains stable up to the 20 GPa for 

CaWO4 and SrWO4, but a second phase transition is observed in BaWO4 and PbWO4 

above 13 GPa. Our results are compared to those found in the literature and supported by 

ab initio total energy calculations. The systematic study of all the components of the 

scheelite tungstate family allowed us to obtain a deep understanding of the structural 

pressure behaviour of these compounds. In particular, we analyzed the origin of cation 

size effect on the transition pressure and found a linear relationship between the charge 

density in the scheelite octahedra and the bulk modulus of studied compounds. Finally, 

based on the observed data an equation of state for the four studied tungstates was 

obtained. 

[1] A. Grzechnik et al., J. Phys.: Condens. Matter 15, 7261 (2003). 

[2] D. Errandonea, M. Somayazulu, and D. Häusermann, phys. stat. sol. (b) 235, 162 (2003). 
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Pressure induced structural transition in AgSbSe2

 

Ravhi S Kumar, Andrew L. Cornelius* and Malcolm F. Nicol 

High Pressure Science and Engineering Center and Department of Physics 

 University of Nevada Las Vegas, 4505, Maryland parkway, Las Vegas  

Nevada 89154, USA 

 

X-ray diffraction experiments at high pressures up to 65 GPa were performed 

on AgSbSe2 compound using synchrotron radiation and diamond anvil cell in the 

angle dispersive geometry at ambient temperature.  The compound undergoes B1 to 

B2 transition through an intermediate orthorhombic structure around 41 GPa. The 

pressure-induced transition observed in this system is similar to the B1-B2 transition 

observed in the iso-structural AgSbTe2 alloy [1] and follows the phase transition 

sequence of II-VI binary analogues.  The results will be discussed in detail. 

 

[1] Ravhi S. Kumar, Andrew L. Cornelius, Eunja Kim, Yongrong Shen, S. Yoneda, 

Chenfeng Chen and Malcolm F. Nicol, Condensed matter/ 0412347  
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New phase transitions in gypsum

Zhnexian Liu (zxliu@bnl.gov), Ho-Kwang Mao, and Russell J. Hemley

Geophysical Laboratory, Carnegie Institution of Washington

5251 Broad Branch Road, N.W. Washington D.C., USA

Gypsum (CaSO4•2H2O) is one of the most common sulfate minerals, forming in a 

variety of environments including hydrothermal vents near mid-ocean ridges,

diagenetically altered marine sediments, and evaporate deposits. It contains both 

molecular water and molecular-like sulfate groups ionically bounded to calcium ions. 

Recent high-pressure Raman and IR studies give different interpretations compared 

with synchrotron energy dispersive x-ray diffraction (EDXD) studies regarding the 

phase transition ~5 GPa as well as the pressure-induced evolution above 5 GPa. 

In this work, we use different techniques including synchrotron far-IR spectroscopy 

and Raman scattering at U2A beamline, EDXD and angle dispersive x-ray diffraction 

(ADXD) at X17C beamline to study the phase transitions. The synchrotron far-IR

spectra confirmed the pressure-induced phase transition in gypsum around 5 GPa

based on the changes of IR lattice vibrational modes and frequency discontinuities of 

these modes with increasing pressure.  ADXD studies further confirmed this phase 

transition from monoclinic to orthorhombic symmetry around 5GPa. Both IR and 

ADXD showed that this high-pressure is fully reversible. It also revealed that the 

white synchrotron radiation induced dehydration due to the intrinsic features of this 

high-pressure phase in gypsum during the EDXD measurements. This quenchable 

high-pressure phase has been studied by IR and Raman as well and is determined 

as following: 

CaSO4•2H2O high pressure phase (orthorhombic ~5GPa) CaSO4• 0.8H2O

303



An intermediate metastable phase of α-quartz and its phase 
           transformation induced by high static pressure 

Wen-Hui Su1, 2, 3, 4※, Shu-E Liu2,  Da-Peng Xu2,  Wei-Ran Wang2, Bin Yao2, 3, Zhi-Guo 

Liu1, Zheng Zhong2, 5  

1 Center for the Condensed-Matter Science and Technology, Harbin Institute of Technology, 

Harbin 150001, P. R. China 

2 Center for Rare-Earth Solid State Physics, Jilin University, Changchun 130023, P. R. China 

3 International Center for materials Physics, Academia Sinica, Shenyang 110015, P. R. China 

4 Center for Condensed Matter and Radiation Physics, China Center of Advanced Science and 

Technology (World lab), P.O.BOX 8730, Beijing 100080, P. R. China 

5 Department of Physics, University of Windsor, Windsor, ON N9B 3P4, Canada 

After considering that the factors of local collision and shear stress have not been 

reflected in the high static pressure, a laboratory method of combining the high-

energy mechanical ball milling and high static pressure has been suggested for 

modelling synthesis of coesite in the earth’s surface. A mechanical collision–induced 

intermediate phase of α-quartz has been discovered. Its condition of easily 

crystallizing into coesite induced by high static pressure is 3.0 GPa, 923 K, and < 1.0 

min. The Raman peaks for the coesite synthesized by the present method have 

covered over the information of those natural and synthesized coesite obtained before. 

Here we clarify the implications of the coesite synthesized by this method in geo-

science, and suggest another possible formation mechanism for coesite in the earth’s 

surface, which is different from the hypothesis of plate exhumation in the earth that 

was based on the coesite formation condition of high static pressure in laboratory. 
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Stability of molecular ionic solids upon compression 

C. Guillaume and G. Serghiou 

School of Engineering and Electronics and Centre for Materials Science, University of

Edinburgh, EH9 3JL, United Kingdom

Raman spectroscopic measurements of K2CrO4 upon compression in an argon pressure

medium reveal a series of structural transitions between ambient conditions and 50 GPa. The

solid remains crystalline to the highest pressure measured. This behaviour is consistent with

an emerging trend upon compression for the extended class of A2BX4 solids which are

isostructural to K2CrO4. In particular crystals with size ratios of anionic tetrahedral BX4

groups to interstitial A cations below 1.45 remain crystalline at all pressures examined

whereas those having ratios higher than 1.45 become amorphous. 
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Metastable crystalline and amorphous tetrahedral GaSb-
Ge and InSb-Ge solid solutions: The relation between
configurational and topological disorder and elasticity

А.А. Stolbov, S.V. Popova, А.G. Lyapin, and V.V. Brazhkin.

Institute for High Pressure Physics, Russian Academy of Sciences,

Troitsk, Moscow region, 142190, Russia

We present the systematic study of the structure and elastic properties of the

metastable crystalline and amorphous ternary (GaSb)1-xGe2x and (InSb)1-xGe2x solid

solutions with composition varied over all concentrations of components. The basic

idea of the high-pressure technology for synthesis of these metastable substances

as bulk amorphous samples consist in the complete solution of the components

under pressure in the region of stability of the metallic high-pressure phases of Ge,

GaSb, and InSb (at P>8 GPa) with subsequent solid-state amorphization to

semiconductor phase upon compression. The metastable crystalline (GaSb)1-xGe2x

solid solutions are in turn obtained by room-pressure crystallization of the

corresponding amorphous compounds before their decay into an eutectic mixtures.

By the way the whole set of the synthesized samples provides a controllable

variation of the configurational and topological disorder in tetrahedrally-bonded

semiconductors.

For (GaSb)1-xGe2x solid solutions, it is found that elastic moduli for crystalline

phases are systematically higher than those for amorphous counterparts or

comparable at all Ge concentrations x. The both amorphous (GaSb)1-xGe2x and

(InSb)1-xGe2x solutions have elastic moduli considerably below a potential linear

interpolation between the corresponding characteristics of crystalline Ge and GaSb

or InSb. Particularly, for the (GaSb)1-xGe2x solid solutions, it is found that the moduli

of crystalline phases initially decrease with Ge concentration, falling down to

minimum values at 20 to 30 % of Ge. The minimal values of elastic moduli for

amorphous samples are observed at 50 to 60 % of Ge.

Using experimental data, we argue that elastic softening of tetrahedrally-bonded

solid solutions, both amorphous and crystalline, is related to the degree of

geometrical disorder, which in turn includes contributions of configurational (or

chemical) and topological disorders. 

[1] L.C. Davis and H. Holloway, Phys. Rev. B 35, 2767 (1987)
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High Pressure Study on the structure of several  
iron-tin intermetalic compounds 

 

Hubertus Giefers, University of Nevada Las Vegas, Las Vegas, NV 89154, USA 

Malcolm Nicol, University of Nevada Las Vegas, Las Vegas, NV 89154, USA 

 

The system iron – tin exhibits several intermetalic compounds like Fe3Sn [1], Fe5Sn3 

[2], Fe3Sn2 [3], FeSn [4] and FeSn2 [5]. The compounds FeSn and FeSn2 are 

antiferromagnetic whereas the others are ferromagnetic. According to the Fe-Sn 

phase diagram [6] only the antiferromagnetic compounds are stable at ambient 

conditions. By quenching the ferromagnetic compounds these intermetalics can also 

be investigated at room temperature.  

We will present an x-ray diffraction study to pressures above 25 GPa of the described 

Fe-Sn intermetalic compounds performed at the HPCAT beamline 16IDB at the 

APS/Argonne.  

 

References:  

[1] O. Nial, Sven. Kem. Tidskr. 59, 165 (1947). 

[2] C. Djéga-Mariadassou, E. Both, G. Trumpy, Ann. Chim. (Paris) 5, 505 (1970).  

[3] B. Malaman et al., Acta Crystallogr. B 32, 1348 (1976). 

[4] C. Djéga-Mariadassou, P. Lecocq, A. Michel, Ann. Chim. (Paris) 4, 175 (1969). 

[5] G. LeCaër et al., J. Phys. F: Met. Phys. 15, 427 (1985). 

[6] K.C. Hari Kumar, P. Wollants, L. Delaey, Calphad 20, 139 (1996). 
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Variation of the Jahn-Teller distortion with pressure in perovskite 

layers A2CuCl4. Local and crystal compressibility. 
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We investigate how pressure modifies the Jahn-Teller (JT) distortion associated with the 

axially elongated CuCl6 octahedra in the [C3H7NH3]A2CuCl4 perovskite layer (A: Rb, 

CH3NH3, C2H5NH3, C3H7NH3). The aim is to elucidate whether the antiferrodistortive 

(AFD) structure exhibited by Cu2+ in the layers favours disappearance of the JT 

distortion thus of AFD or whether pressure induces tilts of the CuCl6 octahedra 

preserving the molecular distortion associated with the JT effect [1,2]. For this purpose, 

we carried out X-ray absorption (XAS) and X-ray diffraction (XRD) experiments under 

pressure along the series whose interlayer distances vary from 7.75 to 12.33 Å. The use 

of both XAS and XRD techniques allows us to perform a complete structural study 

which is difficult to accomplish from XRD due to preferential orientation and texture. The 

analysis provides the variation of the Cu-Cl distances of the elongated octahedron as 

well as the intra- and interlayer Cu-Cu distances with pressure. Interestingly, the 

different compressibility of the bulk crystal and the CuCl6 octahedron. Apart from the 

anisotropic variation of the crystal volume, the local CuCl6 bulk modulus is an order of 

magnitude bigger than the crystal bulk modulus. This huge difference has been related 

to the stiffness of the Cu-Cl bonds which preserves the JT distortion of the CuCl6 

octahedra for pressures up to 20 GPa according to the JT energy (EJT= 0.25 eV/Cu). A 

salient conclusion is that the application of pressure to these layered perovskites 

induces octahedron tilting rather than suppression of the JT distortion. A complete 

analysis of the variation of the JT distortion with pressure along the series will be 

presented at the Conference. 

 

[1] R. Valiente and F. Rodríguez, Phys. Rev. B  57 (1998) 64. 

[2] Moritomo and Tokura, J. Chem. Phys. 101 (1994) 1763 
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Hexagonal silicate perovskite was confirmed in the SrSiO3 compound by in-situ 

angle dispersive x-ray diffraction at high pressure.  The perovskite was crystallized from 

pressure-induced amorphous SrSiO3 in a diamond anvil cell by laser heating at 35 GPa.  The 

crystal structure was same as the 6H-BaTiO3 perovskite.  On releasing the pressure, the 

perovskite also changed into an amorphous state.  It is suggested that the possible 

structures in ABX3 perovskites could depend on the ionic radii of the constituent elements. 

The tolerance factor, t = ( rA + rX) / √2(rB + rX), where r denotes the ionic radii of each element, 

has been viewed as such an indicator [1].  In case of ideal cubic perovskite, the value should 

be close to 1.0 as seen in CaSiO3 perovskite.  If a smaller tolerance factor is applicable, for 

example, MgSiO3 (t = 0.90), the orthorhombic perovskite structure is stable.  In contrast, for a 

tolerance factor greater than 1.0, which is caused by a large A2+ cation corresponding to 

SrSiO3 (t = 1.04), the BX6 octahedron changes its connecting mode from corner sharing to 

face sharing to keep an acceptable amount of space for the A2+ cation.  This change repels 

the B4+ ions of the face sharing octahedron.  As far as we know, this is the first report 

suggesting the existence of hexagonal perovskite in silicates. 

 

Reference: [1]  S. Sasaki, C. T. Prewitt, and R. C. Liebermann, (1983) American. 

Mineralogist, 68, 1189-1198.  
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NaBH4 is an ionic compound that is considered as a good material for fuel cells. The 

search for insulator-to-metal phase transition in compounds with high hydrogen 

content is a problem of fundamental interest because it is directly related to the 

problem of H-metal and because the densification of hydrogen is chemically effective 

through the presence of other constituents [1]. Recently, there is a growing interest 

for light hydrides because they are materials with high hydrogen-storage capacity 

[2, 3]. We present a high-pressure study of 

NaBH4 by Raman and infrared spectroscopy, 

and by synchrotron x-ray diffraction.  

NaBH4 powder was loaded in a membrane 

diamond-anvil cell at ambient temperature in 

a dry-air box to prevent any reaction with 

water. At ambient temperature, we measured 

Raman and infrared spectra of NaBH4 up to 

85 GPa, and we performed synchrotron X-

ray diffraction up to 60 GPa. At 2.7 GPa, the unit cell of NaBH4 is cubic (Fm3m space 

group) with four molecules and the cell parameter is a=5.9389(5) Å. We measured 

the evolution of the molar volume with pressure between 2.7 and 6.3 GPa (see 

above figure). It undergoes a reversible phase transition at 6.8 GPa and this phase is 

stable at least up to 85 GPa. With preliminary refinement of the x-ray data, we 

determined a hexagonal unit cell with eight molecules (P63 or P63/m are possible 

space groups), and the cell parameters are a=8.2646(5) Å and c=5.5575(5) Å at 

12 GPa. From spectroscopic data, NaBH4 remains an ionic compound to 85 GPa, 

and there is no discontinuity in the frequencies of the molecular modes. 

M
o

3 4 5 6

29

30

31

32
 

la
r v

ol
um

e 
(c

m
3 /m

ol
e)

Pressure (GPa)

NaBH4

[1] N. W. Aschcroft J. Phys.: Condens. Matter 2004, 16, S945-S952 

[2] L. Schlapbach, A. Züttel Nature 2001, 414, 353-358 

[3] A. V. Talyzin, B. Sundqvist Phys. Rev. B 2004, 70, 180101 
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 The striking similarity between related structures with different 

composition shed light on possible ways in which solids can accommodate 

correlated defects associated with nonstoichiometry. This is the case of 

perovskite-related structures which present an extraordinary compositional 

flexibility. This flexibility arises from the ability of the perovskite type (ABX3) (1) 

to regularly intergrow with layers of different compositions. Well known 

examples include anionic deficiency, leading to the homologous series AnBnX3n-

1 (2) and cationic deficiency, which originates the well known An+1BnX3n+1 (3) 

Ruddlesden-Popper series, whereby perovskite blocks regularly intergrow with 

ABO2 and AO NaCl-like layers, respectively. Several approaches to the 

description of these solids have been proposed in recent years. 

 The careful study of the Sr-Ta-O system by means of X-ray and electron 

diffraction and high resolution electron microscopy allowed us to describe two 

different structures with the Sr5Ta4O15 and Sr2Ta2O7 compositions. Such careful 

control leads to understand local structural changes as a function of the 

progressive annealing temperature. The structural relationships which can be 

established between these related phases is the subject of this paper, where a 

mechanism based on crystallographic shear is applied.  
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The high-pressure behaviour of sulphur has long been known to be extremely

complex, and it is only recently that it has begun to be simplified [1, 2]. The stable

crystal structure at ambient conditions, S-I, comprises covalently-bonded S8-rings

arranged in an orthorhombic structure [3]. Although S-I has been reported to undergo

a gradual transition to an amorphous form on compression at room temperature [4-

6], we observe S-I to transform directly to tetragonal S-II [7] at 38 GPa with no

evidence of any intermediate amorphous phase. Single-phase diffraction profiles of

S-III were observed above 95 GPa, and these revealed that S-III adopts the same

incommensurately modulated monoclinic structure as Se-IV and Te-III. Sulfur is thus

the first element observed to have an incommensurately modulated structure above

100 GPa. On pressure decrease a previously unreported phase of sulfur can be

assigned to the triclinic structure of Se-III and Te-II. In this contribution we describe

our most recent results on S-III and Se-II.
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High pressure study and electronic structure of the super-alloy HfIr3

I. Halevy∗, S. Salhov, A. Broide, A. Robin, O. Yeheskel, and I. Yaar
  Nuclear Research Center - Negev, P.O. Box 9001, Beer-Sheva, Israel

A.F Yue
Dep. of Materials Science California Institute of Technology, Pasadena, CA 91125, USA

J. Hu 
Geophysical Laboratory of Carnegie Institution of Washington, Washington, DC 20015, USA

The high melting temperature, good high temperature strength and good

oxidation and corrosion resistance of iridium-base alloys suggests that they are

interesting candidates for super-alloys for the aerospace industry [1]. This study

presents the room temperature crystallographic, metallurgical, and electronic

properties of the face-centered intermetallic compound HfIr3, as a function of

pressure. Both X-ray diffraction (XRD) measurements and full potential linearized

augmented plane wave (LAPW) calculations were applied. No phase transition was

observed in the XRD measurements up to a pressure of 27.6 GPa, and a total

volume contraction of V/V0 ≅ 0.92, Fig. 1. Holzapfel equation was used to fit the vol-

ume-pressure curve to the equation-of-state, Fig. 2. The bulk modulus (B) at ambient

pressure calculated in three ways, from the data in Fig. 2, from sound-velocity and

density measurements, and from the LAPW calculations are B=279±4 GPa,

B=297.9±2.5 GPa, and B=324 GPa, respectively. This material has a remarkably

high-density value of ρ=20.564 g/cm3, and a high hardness value of 605±26 Kg/mm2.

Figure 1: X-ray EDS powder diffraction      Figure 2. The volume-pressure curve fitted  
          of HfIr3 as a function of pressure.                with a modified Holzapfel Equation.
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Many findings in the transport, magnetic and structural properties have revealed 

that orbital degree of freedom, Coulomb repulsive interaction, Jahn-Teller effect and 

superexchange interaction play very important roles in colossal magnetoresistance 

effect[1,2]. Nd0.5Sr0.5MnO3 is an orthorhombic phase showing complicated magnetic 

structures and orbital ordering versus temperature. High pressure, as one of 

thermodynamic parameters, influences the charge, spin and/or orbital ordering of a 

sample. The synthesized Nd0.5Sr0.5MnO3 polycrystalline bulk sample shows FM, A-

type AF and charge ordering CE-type AF transitions on cooling from room 

temperature to 78K. We consider that the abundant magnetic structures are caused 

by phase segregation. We have investigated the orbital ordering behavior under 

hydrostatic pressures up to 7.5 GPa using the cubic anvil apparatus and found that 

low pressure favors the A-type AF phase with d(x2-y2) orbital ordering and the CE-

type AF phase with d(3x2-r2)/d(3y2-r2) orbital ordering, while suppresses the FM 

phase with disordered orbital ordering; however, high pressure favors the A-type 

phase and suppresses the  CE-type AF phase. Transport property enhancement and 

large resistance changes under high pressures are observed. 
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Abstract 

 

Using x-ray diffraction and Raman scattering techniques, high pressure behavior of  

three tungstates of the family M2(WO4)3, all having orthorhombic structure at the ambient 

conditions, has been investigated,. Of these Sc2(WO4)3 transforms reversibly to a 

monoclinic phase at low pressures and transforms irreversibly to an amorphous phase 

at beyond  7 GPa. In contrast, in Y2(WO4)3  the initial orthorhombic phase transforms 

smoothly to a disordered phase at 4-6 GPa. In aluminium tungstate [Al2(WO4)3], our 

results confirm the recent observations of two reversible phase transitions below 3 GPa. 

In addition, we find that this compound undergoes two more phase transitions at  ~ 5.3 

and ~ 6 GPa before transforming irreversibly to an amorphous phase at ~ 14 GPa. The 

correlation between the stability range of orthorhombic phase and counter cation size 

suggests that Y2(WO4)3  may have a largest field of negative thermal expansion in this 

family of compounds. 
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 The paper will briefly review and discuss results of our investigations on the 

atomic correlations in amorphous Zn-Sb, GaSb, GaSb-Ge and Al-Ge alloys. These 

semiconductor alloys were prepared by solid state reactions in the course of heating 

the quenched high-pressure phases [1]. The structure of the final products was 

studied by neutron diffraction for the Al-Ge, GaSb and GaSb-Ge alloys and by 

transmission electron microscopy for the Al-Ge and Zn-Sb ones. The samples thus 

obtained were proved to be homogeneous bulk amorphous materials containing no 

crystalline inclusions. 

 Only minor changes in the tetrahedral short-range order were observed for the 

amorphous GaSb and Zn41Sb59 alloys compared to crystalline GaSb and ZnSb 

phases with similar chemical compositions. Essential distortions of the tetrahedral 

network were established for the amorphous Al32Ge68 and (GaSb)76Ge24. The 

effective coordination numbers, neff = 4.5 and 4.25, respectively, in those alloys were 

found to appreciably exceed neff = 4 characteristic of the ideal tetrahedral structure. 

The Reverse Monte Carlo (RMC) calculations for the amorphous Al32Ge68 have 

shown that the Ge atoms do not form a tetrahedral arrangement, the corresponding 

first coordination number being n1 = 2.88. The Al-Ge and Al-Al correlations (n1 = 5.53 

in total) increase neff to the observed value of 4.5, while the Al atoms do not construct 

a continuous network through the sample (n1 = 1.37). 

 Fourier transformation of the measured structure factor of amorphous 

(GaSb)76Ge24 clearly showed the existence of two different nearest-neighbour 

distances. The RMC simulations demonstrated that Ge atoms in this alloy do not 

form clusters and randomly substitute Ga and Sb atoms. The calculations also 

showed the occurrence of a large chemical disorder in the amorphous (GaSb)76Ge24 

and GaSb alloys, where about 30% of the nearest neighbours were atoms of the 

same kind (Ga-Ga or Sb-Sb pairs). 

 

[1] E. G. Ponyatovsky, O. I. Barkalov Mater. Sci. Reports 1992, vol. 8 (4), 147-191. 
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Investigations of the high-pressure properties of metals are important to geophysics, 

planetary science, technology development and basic science.  Experimental studies 

of metals at high densities serve to validate and extend fundamental understandings 

of electronically-driven behavior and transitions.  Advances in diamond anvil cell 

capabilities and diagnostics are enabling studies of metals at high pressures that can 

address long-standing questions and predictions.  Two systems of interest are the 

lowest-Z metal Beryllium, and the “anomalous” lanthanide Europium.  Both of these 

metals exhibit unusual behavior at low pressures.  At high temperature and low- 

pressure the HCP-BCC phase line in Beryllium has a negative pressure derivative 

[1].  The extension of this phae line remains an open question.  Europium is a 

divalent metal, an exception to the systematics of neighboring trivalent lanthanide 

metals.  A transition through mixed valency and to divalency has been the subject of 

theoretical and experimental studies [2,3], but remains an open question in need fo 

further experimetnal study. 

We have studied these metals to pressures exceeding 100 Gpa using x-ray 

diffraction and, in the case of Be, Raman spectroscopy.  Our results are generally 

consistent with previous studies, and suggest the possibility of the onset of novel 

behavior.  In this presentation, our results and progress toward resolving questions 

regarding the behavior of Europium and Beryllium at high pressures will be 

discussed. 

This work was performed under the auspices of the U.S. DOE by the Univ. of Calif., 
LLNL under contract No. W-7405-Eng-48.  Use of the HPCAT facility was supported 
by DOE-BES, DOE-NNSA (CDAC), NSF, DOD–TACOM, and the W.M. Keck 
Foundation.  Use of the Advanced Photon Source was supported by the U.S. 
Department of Energy, Office of Science, Office of Basic Energy Sciences, under 
Contract No. W-31-109-ENG-38.  
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Recent experimental findings of the orthorhombic phases in Ti [1-2] were

unexpected, as earlier theoretical simulations had predicted ω (ΑlB2-type)- to  β (body

centred cubic-BCC) transition. Also, different experiments observed the α−ω

transition scattered in the range 2 - 11.9 GPa in Ti. But the more controversial issue

has been the occurrence and transition pressures of its  γ and δ phases, both of them

having orthorhombic structure. Among these inconsistencies are the results of Ref. 3

that no orthorhombic phase occurs at all at high pressures. On the other hand

Kutepov and Kutepova [4] obtained much better agreements with the experimental

data regarding the structural transitions; but the nature of their total energy curves in

the γ phase near 13 Å3/atom volume and the nature of enthalpy curve in the phase in

the 135-145 GPa range appear highly suspect.  

Hence, with the aim to resolve the prevailing confusion about the high pressure

behavior of Ti, we have carried out extensive accurate first principles electronic

structure calculations employing VASP and WIEN2k programs. Our total energy

calculations show the existence of only γ phase in very small pressure region and the

δ phase is not elastically stable at any volume compressions. The δ phase always

relaxed to bcc structure. Various transitions pressures obtained by our calculations

will be presented along with the critical comparison with literature. 
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The specimen used in this study was a single crystal of  hydrous ringwoodite

synthesized by Ohtani and Mizobata (1998) using a multi-anvil apparatus at

conditions of 1680˚C and 22 GPa. Electron microprobe analysis showed a chemical

composition of 42.83wt% SiO2, 56.42 wt% MgO, yielding a total wt% of 99.25 (H2O

excluded) with Mg/Si being 1.97. The H2O content measured by SIMS was

0.200(±0.004) wt %. The unit cell content is calculated to be Mg1.97SiH0.03O4. Sets of

X-ray diffraction intensities up to 7.9 GPa to sin�/�=0.87 Å-1 were measured with a

single crystal of  35x35x24 µm using synchrotron radiation of wave lengths 0.6998 Å,

0.7017 Å, 0.6958 Å, 0.6961 Å and 0.7019 Å at ambient pressure, 3.2 GPa, 5.0 GPa,

6.2GPa and 7.9 GPa, respectively at the beam line BL-10A, Photon Factory, Tukuba,

Japan. The wave lengths were calibrated by the unit cell constants of a ruby

standard crystal. The modified Merrill-Bassett type diamond anvil pressure cell was

used.  The 4:1 fluid mixture of methanol and ethanol was used for pressure medium

and SUS301 plate was used for gasket. The pressure was calibrated using the ruby

fluorescence method. The unit cell parameters were obtained using 18~36

reflections with 2θ from 16° to 50°. The calculated isothermal bulk modulus using the

unit cell volumes at ambient pressure, 3.2 GPa, 5.0 GPa, 6.2GPa and 7.9 GPa with

the Birch-Murnaghan equation of state assuming K’=4 was K0=184(6) GPa. The

density calculated with the unit cell content Mg1.97SiH0.03O4 and the unit cell volume

at ambient pressure was 3.544 gr/cm3 which is 0.5% smaller than the 3.563 gr/cm3

value of anhydrous ringwoodite (Sasaki et al., 1982). 
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X-ray diffraction from single crystals is the most descriptive method of 

analysing solid-state structure. Ideal detailed structural analysis of materials at high 

pressure should include single crystal diffraction studies. Most studies of this nature 

use in-lab radiation sources. [1] Only a few studies of single crystal diffraction using 

synchrotron radiation have been done. [2] The restricted cone angles on a DAC 

severely limit the spots per pattern, especially when Be plates are not used. In 

addition, materials with small unit cells yield very few spots per pattern in comparison 

to macromolecules such as proteins. 

 We have done x-ray diffraction experiments of single-crystals in DACs at high 

pressure at Cornell University’s synchrotron source (CHESS). The beamline used 

was configured for angle-dispersive diffraction, and image plates were used as 

detectors.  Our samples were small molecular crystals (RDX or 1,3,5-

trinitrohexahydro-1,3,5-triazine), loaded in Merrill-Bassett type DACs, mounted on a 

two-circle Diffractometer. The DAC was oscillated over 4° around an axis 

perpendicular to the x-ray beam.  Data were obtained at 1, 2 and 3.5 GPa.  An 

existing data analysis package (DPS/Mosflm/CCP4, usually used by protein 

crystallographers) was used indexing and peak integration.  

Structure factors were obtained at 1 GPa and structural analysis was 

performed using MaXus crystallographic software.  Compared to the ambient 

pressure structure, significant bond distortions, angular distortions and ring puckering 

are evident at 1 GPa.  The 2 and 3.5 GPa data indicates the existence of two 

separate phases, a phase change to a monoclinic structure, or a twinned crystal.  It is 

possible that the phase change previously seen at 4.5 GPa occurs at lower pressure. 

 
1. S. Block, C. E. Weir, and G. J. Piermarini, Science, 1965, 148, 947; R. M. Hazen 

and L. W. Finger, American Mineralogist, 1989, 74, 352; P. Dera, et al., Phys. 
Rev. B, 2002, 65, 134105 

2. R. Fourme, et al., J. of Synch. Rad., 2001, 8, 1149; D. R. Allan, S. Parsons and S. 
J. Teat, J. of Synch. Rad., 2001, 8,10; C. Hejny, M.I. McMahon R.J. Nelmes, Acta 
Cryst., 2002, A58 (Supplement), C175 
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Bassovizza, Trieste, Italy. Email:-bkgodwal@magnum.barc.ernet.in

The manganese based intermetallics, Mn3GaC, with cubic antipervoskite type

structure falls in to an intermediate class of materials between the rare earth

manganetites and the normal metallic alloys. Mn3GaC has an Invar like

antiferromagnetic (AFM) ground state stable below 160 K. At the transition to a

ferromagnetic (FM) phase (163.9 K), the lattice parameter undergoes an isostructural

collapse i.e., exhibits negative thermal expansion (NTE). The computed electronic

debsity of states (DOS) at EF of the AFM and FM phases of Mn3GaC are similar

resulting in a ground state with competing order.  The present high pressure angle

dispersive X-ray diffraction investigations on Mn3GaC up to 35 GPa are aimed at

investigating the signatures of the strong interaction between the magnetic and the

structural properties of Mn3GaC on the compressibility and its structural stability

under pressure.

High pressure ADXRD measurements with in-situ Ag pressure calibrant were carried

out on powdered Mn3GaC at the synchrotron radiation source at Elettra [proposal No.

2002308. The ambient cubic phase is retained up to 35.0 GPa . The P-V relation (equation of

state {EOS}) fitted to third degree Birch Murnaghan equation of state yields the bulk modulus

and its pressure derivative as 140.5 GPa and 3.34 respectively. Though from the low

temperature behaviour, an anomaly in equation of state is expected, none is observed in the

P-V data. It may be noted that various types of anomalies, a linear pressure variation of the

volume (ZrW2O8, ZrMo2O8, αNbOPO4), a small B with very large B’(Pu, βNbOPO4), and / or

decrease of B with pressure over a limited pressure region (Al2W3O12, FeNi alloy) are found

in several materials that either exhibit or are prone to NTE. A detailed computational

investigations of electronic and magnetic structure under pressure and measurements at

very close spaced pressure points currently in progress may reveal subtle anomalies in this

material.
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A High Pressure X-ray Powder Diffraction Study of Elemental Erbium.

Michael G. Pravica, Yongrong Shen+, Oliver Tschauner, and Malcolm F. Nicol

Physics Department

 and 
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Vegas Las Vegas, Nevada 89154-4002 USA

Abstract:  As a member of the Lanthanide series, elemental Erbium is part of a

fascinating class of Rare Earth metals that possess complex electrical, magnetic,

thermal, and other behaviors that are little understood.  In this spirit, we have undertaken

X-ray powder diffraction studies of elemental Erbium at room temperature in the interest

of elucidating the phase structure of the material at high pressures above 40 GPa using

the HP-CAT synchrotron X-ray beamline in the Advanced Photon Source at Argonne

National Laboratory.  In these studies, cyclohexane was used as an excellent

nonreactive and quasi-hydrostatic pressurizing medium.  

+ Deceased
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The synthesis of GaN single crystal appears as a challenge to prepare substrates for

developing different micro-electronic or opto-electronic devices.

The most investigated crystal growth method involving severe pressure and

temperature conditions [1] and solvothermal processes being promising [2],

solvothermal crystal growth of GaN has been evaluated.

Ammonia as nitriding solvent has been selected – GaN being not so soluble in such

a solvent Li3GaN2 was used as nutrient. Solvothermal transport experiments have

been carried out both in subcritical and supercritical conditions. GaN deposition on

seeds has been evaluated through XPS characterizations.

[1] J. Karpinski, J. Jun, S. Porowski J. Crystal Growth 66, 1-10 (1984)

[2] G. Demazeau, C.R. Acad. Sc. Paris t2 Série IIc, p. 685-692 (1999)
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Preparation of Homogeneous Mixtures of Nanoparticles/Thermite Mixtures 

by Rapid Expansion of Supercritical Dispersion (RESD) 
E. Marioth, H. Kroeber, G. Kronis, F. Schnuerer, S. Loebbecke, H. Krause 

Fraunhofer ICT, Joseph-von-Fraunhofer-Str. 7, 76327 Pfinztal, Germany 

Bulk nanoparticles tend to be available particularly as agglomerates of primary particles. 

Mixing nanoparticles by co-milling or other mixing techniques result in mixtures of existing 

often nearly unaffected agglomerates. To solve this problem and to obtain homogeneous 

mixtures of isolated particles the processing of nanoparticles is often accompanied by a liquid 

dispersing step in which the agglomerates were broken. Due to surface tension forces and 

surface potentials the particles tend to reagglomerate during the subsequent evaporation step 

of the dispersing liquid (“coffee drop effect”).  

By using a supercritical fluid as the dispersing fluid, the process conditions can be tuned such, 

that a liquid state can be avoided. By expanding the dispersion through a nozzle to 

atmospheric conditions the particles were forced to desagglomerate and can be sprayed 

directly on a substrate. In this work, mixtures of nanoparticles were produced in two different 

scales: The preparative scale processes nanoparticles in the order of one gram, whereas the 

analytical scale device directly prepares milligrams of nano particle mixtures into a DSC pan 

for subsequent thermo analytical examinations.  

As an example the result of a Rapid Expansion of a Supercritical Dispersion (RESD) mixing 

of molybdenum and alumina nano particles analysed by EDX scanning is shown in figure 1.  

SEM Alumina MolybdenumSEM Alumina Molybdenum
 1µm 

Figure 1: SEM and EDX scan of an Al/Mo mixture after RESD processing 

The composition contains an Al/Mo weight ratio of 1/3.8. The particles were stirred at 

15 MPa and 323 K for 15 minutes in CO2. The supercritical dispersion expanded through a 

nozzle with 60 µm diameter and a length of approx. 500 µm. The particles were collected on a 

silicon wafer substrate for subsequent analysis. 

The elemental analysis shows a high degree of homogeneity of the mixture formed on a 

silicon wafer substrate. It has been observed, that the existing agglomerates of the used 

species could have been cleaved.  
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Solvothermal reactions have been widely studied for the synthesis of a variety of 

inorganic materials [1]. However, the use of chlorides as starting materials has been 

scarcely examined, because hydrochloric acid, generated during the reaction, is 

corrosive to metals. We found that the reaction of rare earth (RE) chloride hydrates in 

1,4-butanediol (1,4-BG) at 300 ºC for 2 h in the presence of small amounts of n-

hexylamine and 1,6-hexanediamine yielded phase-pure RE(OH)2Cl for La-Dy, but the 

product obtained from Ho-Yb and Y was a mixture of RE2O3·xH2O and RE(OH)2Cl [2]. 
In this work, the morphology of the products obtained by the solvothermal reaction of 

RE chloride was investigated. 

   The reaction of RE chloride hydrate (Y, Er and Yb) in 1,4-BG at 300 ºC for 2 h gave 

a mixture of RE(OH)2Cl and RE2O3·xH2O, and the product was composed of 

irregularly-shaped and needle-like particles. When the reaction time was prolonged to 

10 h, RE(OH)2Cl and RE2O3·xH2O were formed for Er or Y but pure-phase 

RE2O3·xH2O was obtained for Yb. As shown in Fig. 1, the latter product was 

comprised of needle-shaped crystals with 0.2-

0.6 µm width and 5-15 µm length. The reaction 

in toluene at 300 ºC for 2 h yielded pure-phase 

Yb2O3·xH2O and SEM image of the product 

showed the formation of irregularly-shaped 

particles. By the prolonged reaction time (6 h), 

the morphology of Yb2O3·xH2O was changed to 

needle-shaped crystals, which was much 

smaller than those obtained in 1,4-BG. These 

Yb2O3·xH2O products decomposed to Yb2O3 at 

around 400 ºC in air, presenting the needle-

shaped morphology and it was maintained even 

after calcination at 800 ºC. 

3 µm
Fig. 1. SEM image of Yb2O3·xH2O
obtained in 1,4-BG at 300 ºC for 10 h.

[1] M. Inoue, J. Phys. Condens. Matter, 2004, 16, S1219-S1303. 

[2] S. Hosokawa, S. Iwamoto, M. Inoue, J. Alloys Compd., in press. 
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Recrystallization of Acetaminophen and Sulindac from the Batch and
Continuous Supercritical Anti-Solvent Precipitation

Yun-Pin Chang, Muoi Tang and Yan-Ping Chen

Department of Chemical Engineering
National Taiwan University
Taipei, Taiwan, ROC

Abstract

The supercritical anti-solvent (SAS) precipitation is an important high pressure
process for the recrystallization and micronization of pharmaceuticals. We compare
the experimental results from either the batch or continuous SAS process for the
recrystallization of acetaminophen (non-steroidal anti-inflammatory drug) and
sulindac (antibiotics) using supercritical carbon dioxide as the anti-solvent. The
experimental apparatus includes the carbon dioxide supply, recrystallization and
depressurization sections. The high pressure vessel in this study has a volume of 75
ml. Solutions of either pharmaceutical dissolved in various solvents were investigated
in this study. Upon introducing the supercritical carbon dioxide, volume expansion
resulted in the formation of micronized particles. The morphology and crystalline
properties of these pharmaceuticals were observed before and after the SAS processes.
Taking acetaminophen for example, the particle size was larger than 100 m before
the treatment. It decreased to 60 m after the batch SAS process, and to less than 10
m after the continuous SAS process. The morphology also changed from the original
irregular and broken shape to short rod crystalline after the continuous SAS process.
On the other hand, smaller particles of sulindac were obtained from the batch process,
rather than the continuous treatment. Effects of various operation parameters such as
temperature and pressure in these SAS processes were analyzed and discussed. The
optimal conditions for the micronization of these pharmaceutical particles using the
supercritical technology are reported.
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Measurement of Dielectric Property of Compressed Gases  
 in the Critical Region. 
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ABSTRACTS 

It has long been speculated without clear pysico-chemical evidence that 
strong molecular association could be induced near the critical point. We have 
developed a reliable instrumentation for measuring the dielectric property of 
compressed gasses such as carbon dioxide, ethane, ethylene and nitrous oxide, 
in the critical region. This method is capable to evaluate physical property, static 
permittivity and a molar polarization, based on the electric capacitance.  A 
typical example of our capacitance measurement is demonstrated below. The 
relationship between the molar polarization of carbon dioxide and the density is 
shown as a function of temperature.  

 
Molar polarization was clearly enhanced near the critical region (ρc=0.46), 

depending upon the temperature.  
This paper will present a firm set of experimental data concerning electric 

capacitance of the several compressed gases, and discuss about the molecular 
association around in the critical region. 
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Large-capacity discharge plasma s have great capability of many applications such as 

sterilization, deodorization, dioxin treatment, and water treatment. We have tried to 

generate large-capacity discharge plasmas in high-pressure and high-temperature 

fluids including their supercritical states and recently found that the discharge 

plasmas could be generated in supercritical carbon dioxide.  For this purpose, we 

designed and manufactured an experimental apparatus, and tried to explore the 

operating conditions where the plasmas could be generated through the experiments 

at various conditions (305-333 K and 0.1-20.0 MPa) in supercritical CO2.  As a result, 

it was found that discharge plasmas could be produced in supercritical CO2 as well 

as in gaseous CO2 and the brightness of the plasmas became higher as the pressure 

increased at a constant temperature.  It was also found that the breakdown voltage 

depended upon the density of CO2 at near- and supercritical pressures at above the 

critical temperature of CO2.  Next, this phenomenon in supercritical CO2 was applied 

to reactions of organic compounds for developing a super-rapid molecular conversion 

method.   
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Astaxanthin (3,3’-dihydroxy-β,β’-carotene-4,4’-dione) is a ketocarotenoid oxidized 

from β-carotene. Due to its attractive red colour and higher antioxidant activity than 

α-carotene, β-carotene, lutein, lycopene, cantaxanthin and vitamin E, astaxanthin 

can be used as a food colourant and in medicine. Haematococcus pluvialis has high 

concentration of astaxanthin, about 0.5 to 3% astaxanthin on a dry weight basis. In 

this study, astaxanthin from Haematococcus pluvialis has been extracted using 

supercritical CO2 and modified ethanol to obtain high concentrated of astaxanthin. 

The antioxidant activity of extract has also been tested by diphenyl pycril hydroxyl 

(DPPH) and measured by UV-Vis Spectrophotometer. The effect of pressure, 

temperature, CO2 flow rate and the existence of ethanol on total extraction yield, 

astaxanthin extracted and astaxanthin concentrated in the extract were studied. 

Extraction was carried out at 200 – 550 bar of pressure, 40 – 80oC of temperature, 2 

– 4 ml/min of CO2 flow rate, 1.67 – 10 % volume of ethanol:CO2. The extract was 

analyzed by a Shimadzu Liquid Chromatograph LC-10AD, equipped with Diode Array 

Detector SPD-M10A and a 5C18-MS Waters of column. Maximum astaxanthin 

content in H. pluvialis sample was obtained by soxchlet extraction using 

dichloromethane as solvent. Maximum astaxanthin content was 3.43% weight. 

Astaxanthin extracted and concentrated increased with increasing pressure at high 

pressure but decreased with increasing temperature at low pressure (200 bar). 

Maximum extraction yield, astaxanthin extracted and concentrated were 22% weight 

of sample, 87% of astaxanthin content in sample, and 12% of total extract, 

respectively. The antioxidant activity of extract degraded with the existence of ethanol. 
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Comparison of essential oil composition of Salvia mirzayanii obtained
by supercritical fluid extraction and hydrodistillation methods

Mostafa khajeh*, Yadollah Yamini, Ensieh Ghasemi

Department of Chemistry, Tarbiat Modarres University, Tehran, Iran, P. O. Box 14115-175

Supercritical fluid extraction (SFE) has been widely used to the extraction processes in

pharmaceutical industries. Besides application of SFE in pharmaceuticals, it has been applied on

a wide spectrum of natural products and food industries such as natural pesticides, antioxidants,

vegetable oil, flavors, perfumes and etc [1-2]. 

Salvia is one of the most important genera of the Family Lamiaceae. Several species of salvia

are used in folk medicine as antiseptics, astringents and spasmolytics[3].

  The effect of different parameters such as temperature, pressure, modifier volume, dynamic

and static extraction time on the SFE of the plant were investigated. The orthogonal array

experimental design method was chosen to determine experimental plan, L25 (55). In this design

the effect of five parameters and each at five levels were investigated on the extraction efficiency

and selectivity [4].

  Further more, the essential oils of the plant were isolated by hydrodistillation in Clevenger-type

apparatus for 5 hours. The chemical compositions of the SFE extract and hydrodistillation were

identified by GC-MS and determined by GC-FID. 

  The main components of Salvia mirzayanii were Linalool, Linalyl acetate, α-Terpinyl acetate, δ-

Cadinene, Spathulenol, Cubenol and α-Cadinol. The extraction yield, based on hydrodistillatin

was 2.2% (v/w), and based on the SFE varied in the range of 0.65-10.59% (v/w) under different

conditions

Key word: Salvia mirzayanii; supercritical fluid extraction; hydrodistillation; essential oils.
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Abstract

 A new  thermodynamic model was developed for modeling the

solubilities of solide solutes in supercirtical carbon dioxide at high pressure  .the

model combines the cubic Soave equation of state (EOS) with the Wong Sansler

( WS) mixing rule (MR) . the model is applied to correlate the solubilities of

Penta chloro phenol  ( PCP) and Hydroxy chloro benzene  (HCB) in

supercritical carbon dioxide at costant temerature , at  high pressure  .

The model provides a better vorrelation than the conventoinal models that use

Peng Robinson –EOS ( PR-EOS) with Quadratic Van Der Walls (VW) or Wong

Sandler (WS) mixing rule (MR).

Keywords: solid-fluid equilibria; Equation of state; mixing rule; wong sandler;

binary mixture; supercritical carbon dioxide .
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     Fine–crystalline lanthanum aluminate powders were prepared by the 

thermovaporous treatment of mechanical mixtures of lanthanum oxide and aluminum 

hydroxide. The formation process of LaAlO3 crystals has been investigated by X-ray 

diffraction and SEM. The properties of synthesized pure and doped lanthanum 

aluminate have been studied by chemical spectral analysis, electron diffuse reflection 

spectroscopy and by the luminescent analysis. The particle morphology was 

observed using SEM. 

      The lanthanum aluminate synthesis was carried out in two stages in water vapor 

medium. At first, the precursor mixture was treated by water vapor at 200 °C (P=1.5 

MPa) during 20 – 22 hours, and then in water fluid at 400 °C (P=22 MPa) during 18 – 

24 hours. The nucleator (< 1%) was added in the reaction mixture. The temperature 

of the synthesis in water fluid was about 1000 °C below that of the sintering process 

in air. After the first stage of synthesis the product was the mixture of two phases: 

lanthanum hydroxide and disordered boehmite. The finish product was comprised of 

lanthanum aluminate with the crystal sizes 200 – 600 nm. The considered way of the 

synthesis allows to producing the pure or doped lanthanum aluminate. Therefore, 

lanthanum aluminate doped by Eu was produced. This material was characterized by 

an intensive luminescence near 590 and 620 nm. 

 

 

 

 

 

 

 

  a)    b) 

                      The phase content (a) and morphology (b) of synthesis product. 
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The production of hydrogen and methane by reaction of organic matter using 

hydrothermal gasification is feasible for feedstock with high moisture content. Wastes 

from the agricultural sector can be used, e.g. grape residue, rests of plants or 

sewage sludge. Typical reaction conditions are temperatures of about 600 °C and a 

pressure of 30 MPa. By cooling, the product gas phase separates from the liquid 

effluent which will contain the inorganic compounds and a low quantity of residual 

organic matter. 

A high pressure gas washer can be easily integrated in this gasification system 

resulting in a reduced carbon dioxide content in the product gas and thus a higher 

hydrogen and methane partial pressure. This theoretical concept was demonstrated 

in the pilot plant VERENA.  

Experimental data which will prove the effectiveness of this concept will be shown. 

Experiments for the carbon dioxide removal with a model gas mixture and during 

gasification experiments of real biomass were carried out.  

The model gas mixture used consisted of hydrogen (52 volume-%), methane (20 %), 

carbon dioxide (27 %) and carbon monoxide (1 %). This gas composition is similar to 

the gas phase achieved in biomass gasification experiments. The gas flow, the water 

flow and the pressure in the washing column were varied in the experiments.  

Up to 98 % of the carbon dioxide could be removed by this technique at optimized 

conditions. The hydrogen loss in the lean gas amounted to about 6 %, the methane 

loss to about 8 %. The cleaned model gas contained about 75 % of hydrogen. 
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Hydrothermal reforming is a promising method to generate a product gas rich in 

hydrogen and methane. Educts with a high water content and thus low calorific value 

can be used without any pre-drying or upgrading step. At hydrothermal conditions the 

organic compounds react with water to form a fuel gas. Depending on the educts, 

conversions at a hydrocarbon/water ratio up to 1:1 (for methanol, corresponding to a 

solution of 64 w.-%) are possible; the residence times are in the range of a few 

seconds.  

Reforming reactions were studied in tubular flow reactors; the tube length was 1000 

mm. The high pressure tubes were made of the nickel base alloy 625 or the stainless 

steel SS316. Experiments were performed at pressures of 25 up to 45 MPa and 

temperatures in the range of 400 to 700° C.  

Bio-ethanol, pyroligneous acid and the water-soluble pyrolysis oil (often called ‘bio 

crude oil’) fraction are starting materials from renewable primary products. Bio-

ethanol is generated by fermentation, pyroligneous acid and bio crude oil by thermo-

chemical treatment of biomass.  

Pyroligneous acid is a by-product from the production of charcoal and consists of 75 

% water, in which 12 % acetic acid and homologues, 2 % methanol, 1 % acetone and 

methyl acetate and about 10 % wood tar are dissolved. The production of bio crude 

oil delivers a water-miscible fraction with a lower calorific value whose use for 

conventional gasification procedures is not cost-effective, however is well suitable for 

hydrothermal reforming. 

The product gas consists mainly of hydrogen and smaller amounts of methane, 

carbon dioxide and carbon monoxide. Decomposition, methanation and watergas-

shift reaction are strongly influenced by the choice of the material of the inner reactor 

wall, the surface to volume ratio and addition of catalysts like potassium salts.  

336



 

Preparation of low-density porous glass ceramics under 

Hydrothermal Conditions 

 

Z. Matamoros-Veloza, J. C. Rendón-Angeles*, K. Yanagisawa**  

 

Technological Institute of Saltillo, Faculty of Metal-Mechanics, Saltillo 25000, Coah. 

México, email: zullyma@fenix.its.mx 

*Research Institute for Advanced Studies, Campus Saltillo, Saltillo 25900, México. 

**Research Laboratory of Hydrothermal Chemistry, Kochi University, Kochi 780-

8520, Japan. 

 

On the previous research work, the present authors had been suggested an 

alternative route for the preparation of porous materials from waste glass through 

compaction by hydrothermal hot pressing (HHP) conditions. The treatment was 

conducted at a much lower temperature of 200°C for 1 h with 10 wt% water content 

under a loading pressure of 20 MPa and particle size <38µm [1]. On the present 

research work, the effect of expansion of the HHP compacts by varying the type and 

amount of additives such as dolomite, slag and sodium carbonate was investigated. 

Low density porous glass ceramics was prepared by mixing the glass powder with 

inorganic compounds under the hydrothermal hot pressed following the conventional 

heating of HHP compacts as it was reported [1]. SEM observations showed the 

presence of the called new phase in presence of all additives, however with the 

addition of only 5-wt% sodium carbonate on the glass powder, the HHP compact had 

a greatest new phase, which it is increased by the action of the sodium ions that 

promoted the reactivity between the glass and water under hydrothermal conditions. 

Consequently, the maximum expansion of HHP compacts was obtained after 

conventional heating temperature at 700 ºC for 1h. The expanded product reached 

low relative density value of 0.3464 g/cm3.The current value was lower than the 

density value (0.40g/cm3) of the expanded glass prepared at similar conditions 

temperature of 750C in air for 1h  

References:  
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Phys. Condensed Matter 16, 1361-1372. 2004.   
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In a coming biomass society, various conversion processes of biomass materials with

high selectivity and high speed must be demanded. Triglyceride such waste

vegetable oil is gained much attention because bio-diesel is accepted as the

sustainable energy resource. The bio-diesel is synthesized by methanolysis of

triglyceride into methylester. The by-product of the methanolysis is glycerol and its

effective utilization is also required. Glycerol is a C3 compound as same as propane

and propylene. It was reported that acrolein (it is synthesized by partial oxidation of

propane and is a precursor of acrylic acid) was produced from glycerol with a high

selectivity within 50 % conversion of glycerol in high pressure and high temperature

water (HHW) [1], [2]. Nevertheless, the yield of acrolein was still low at the higher

conversion of glycerol. In this study, we performed glycerol reaction in HHW by use

of a batch and a flow apparatus with and without adding an acid catalyst. As a result,

it was confirmed that almost 80 % of acrolein was obtained at 90 % of glycerol

conversion with acid catalyst in supercritical condition (673 K). The dehydration of

glycerol into acrolein was quite sensitive against pressure in supercritical condition

because it was assumed to depend on proton concentration in water. We also

developed a simple model of glycerol conversion into acrolein and analyzed the

kinetic parameters. The rate constant of acrolein decomposition is always higher

than that of acrolein formation in the absence of acid catalyst. On the other hand, it

was revealed that the rate constant of acrolein formation overcame that of acrolein

decomposition by adding acid in supercritical condition.
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In the present report are given the result of study of the mechanism of incorporation 

of doping ions in structure of fine-crystalline corundum (α-Al2O3) and yttrium-

aluminium garnet (Y3Al5O12) formed in water vapor in supercritical conditions [1]. 

Synthesis of oxides was carried out upon two-stage heating at 200-270°C and then 

at 400-410°C under water fluid pressures 20 – 26 MPa in autoclaves with special 

container. As precursors were aluminum hydroxide (hydrargillite) and yttrium oxide. 

The dopants were added in reaction medium as oxides or water solutions of salts. 

The chemical compounds of chrome, iron, neodymium and manganese were 

dopants. The products were studied by physical-chemical methods. A study revealed 

that the state and allocation of doping ions in a crystal lattice of oxides is determined 

not only by conditions of synthesis (T °C and P MPa), but also by chemical 

composition and charging state of a dopant, by its concentration, and by content of 

impurities in precursor.  

 

 

 

 

 

 

References: 

1. M.N. Danchevskaya, Yu.D.Ivakin et al., High Pressure Research, 2001, v.20, p. 87 

Fig.1. Dependence of the content Cr+3 

in corundum according to a chemical-

spectral analysis (1), to EPR-studies (2) 

and luminescent emission on the 

chrome content in reaction medium (3). 

 Fig. 2. Change of amount of Mn+4 

centers of luminescence (678 nm) in 

corundum lattice with the increase of 

water vapor during synthesis of 

corundum at Т = 400°C. 
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Calcium hydroxyapatite [Ca10(PO4)6(OH)2, designated as Ca HAp] is a main 

inorganic constituent of vertebral animal’s hard tissues and has attracted our attention 

due to their properties as bioceramics, catalyst, adsorbent, and so on. Because of the 

flexibility of the HAp structure, metal ion sites can be replaced by various divalent 

cations including Sr, Ba, Pb, Cd, and so on. HAp can be prepared by aqueous or solid 

state reaction. The aqueous reaction usually gives low crystalline HAp, and the solid 

state reaction causes the formation of hydroxyl defects in the structure. The 

hydrothermal reaction, however, provides high crystalline HAp without hydroxyl 

defects.  

In this study, solid solutions in the systems of Ca-Sr, Ca-Cd, Ca-Pb HAp were 

successfully prepared by hydrothermal reactions at 200°C for 12 hours from aqueous 

solutions of metal nitrates and ammonium phosphate. The lattice parameters of the 

Ca-Sr, Ca-Cd HAp solid solutions linearly changed with the compositions, while 

discontinuous change was observed in Ca-Pb HAp solid solutions. The results of the 

Rietveld analysis indicated that the metal ions of Pb, Sr, and Cd all preferentially 

occupied M (2) sites in the HAp structure. All these solid solutions had photocatalytic 

ability to decompose dimethyl sulfide under UV irradiation. The effect of the 

composition and particle size of the solid solutions on their photocatalytic properties 

was investigated. 
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Large volumes of fly ash are annually produced at CFE power plant Co. 

(Coahuila, MEXICO), and this solid waste has become an environmental problem 

because shortage of storage places and environmental pollution. Hitherto, the 

hydrothermal treatment of fly ash under alkaline conditions has been the subject of 

many investigations. The major Zeolite A and P type were synthesized under these 

conditions; however, a preliminary refining step is required in order to eliminate some 

impurities. In the present work, we have aimed to remove some amount of the 

amorphous and crystalline silicates (Mullite and Quartz) during the zeolite formation, 

which we expect to occur on fluorine mineralizer under hydrothermal conditions. 

The fly ash consists of spherical particles (particle size of 20 µm) and contains an 

amorphous silicate phase and two crystalline phases (Mullite and Quartz) as major 

constituents. Fly ash powder (1 g) was placed at the bottom of a conventional 

stainless steel microautoclave. The solution used as mineralizer was NaF with a 

concentration of 0.5 M. The hydrothermal treatments were conducted at three 

different temperatures (150, 200, 250 °C) for a reaction interval over the range of 4–

96 h. The Na-zeolite type, Analcime-c and P, were predominantly formed in the NaF 

solution (0.5 M). The formation of the Analcime-c zeolite proceeded for a short 

reaction interval of 8 h at a temperature of 250 °C. The present results indicate that 

during the hydrothermal treatment in NaF, because the preliminary fly ash powder 

heat and chemical treatments must be neglected. Leaching of impurities such Ca, 

and the adjustment of the zeolite chemical composition occur simultaneously during a 

single hydrothermal treatment. The formation of the Analcime-c zeolite is discussed 

on termns of the fly ash reactivity in fluorine solutions. 
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The characteristic of Synchrotron Radiation (SR) such as high brightness, high

energy range were found to be quite adequate for high-pressure experiment.  

The new powder diffractometer is plased at the working station “Mediana” at the

Kurchatov Source of Synchrotron Radiation (KSSR, Moscow). The diffractometer is

consists of the following main systems: monochromators system, device for

positioning high pressure cell and detector system. The focusing of photons by

means of Laue-geometry diffraction from mosaic crystals has been used [1]. With

diamond and SiC anvils high pressure cells [2] it is possible to perform powder

diffraction experiments at pressures up to 50 GPa. The sample volume of about

0.005–0.03 mm3 is used and the typical exposition time is about 4-7 h.

[1] V.V. Kvardakov, V.A. Somenkov, J.W. Lynn, D.F.R. Mildner, H. Chen Physica B,

vol.241-243, pp. 1210-1212 (1998)

[2] V. P. Glazkov, I. N. Goncharenko, Fizika I Technika Visokih Davleniy Vol.1  p.56

(1991)
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High-brilliance X-ray system for high-pressure in-house research.
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Synchrotron technique is ideally suited for in situ X-ray diffraction studies in DAC in the
megabar pressure range. However, there are a number of difficulties in combining the
synchrotron operation with the other requirements. Many phase transitions, in particular in
complex systems, require chemical transport over distances of several microns (e.g.
decomposition reactions). These processes are thermally activated, but rather slow due to the low
diffusivities in the high-pressure phases. Reliable results can, therefore, only be achieved by
extended run duration (up to 12 hours or more per one PT-step). Furthermore, the study requires
intermittent use of other measuring techniques (such as Mössbauer, Raman, IR, electrical
conductivity), which are available in-house, but not at synchrotrons. 

Newly installed at BGI X-ray system consists of three major components –RIGAKU FR-
D high-brilliance source, OSMIC Inc. Confocal Max-Flux optics, and SMART APEX 4K CCD
area detector.
FR-D high-brilliance X-ray Mo rotating anode generator operates at load up to 3.3 kW. The
initial beam spot has elliptical shape with the FWHM vertical axis of about 200 µm and
horizontal axis of about 100 µm. The initial beam is further focused by confocal CMF optics.
Utilizing constructive interference as in Bragg diffraction, thin film multilayers reflect X-rays at
larger angles than total reflection mirrors, yielding a larger capture angle and thus larger flux.
Significant advantage of multilayer mirrors is their capability to act as natural band-pass filter,
automatically monochromazing the beam thereby providing more intensity with much lower
background. Custom made collimating and focusing 100 mm long mirrors are realized by curving
the mirror surfaces into parabolic shapes. A two-dimensional reflection system is realized by
using two mirrors in a „side-by-side“ Kirkpatrick-Baez scheme. Each mirror independently
reflects X-! rays in one of the two perpendicular directions. With „side-by-side“ scheme both
mirrors of Confocal Max-Flux optics are manually positioned in order to optimize the
performance parameters including flux, spectrum, and divergence. In order to enhance the system
application for DACs, CMF optics is designed for focusing on the sample plane that provides the
round beam with the FWHM diameter of about 40 µm. SMART APEX CCD detector with large
62 mm 4K chip provides unit demagnification and sensitivity of ≈170 electrons per photon.

Application of the new in-house X-ray system will be demonstrated on the examples of
studies of gold, iron oxides, and sodium silicates at elevated pressures and temperatures. We will
provide also a comparison with the results obtained for the same samples at ESRF and APS
synchrotron facilities.
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We have been developing a new pressure cell for the general-purpose

experiment in multi-extreme-conditions. To see critical phenomena such as

QCP(Quantum Critical Point) behaviours or exotic superconductivities, a high-

pressure cell must be compact to cool down to cryogenic temperature. Also, the

homogeneity of pressure must be kept because the critical phenomena sometimes

disappear due to the randomness caused by inhomogeneity of pressure. And the

most important requirement is ‘high’ pressure. The ordinary piston-cylinder-type cell

satisfies compactness and hydrostaticity, though pressure is limited to not more than

4GPa. In other words, the high-pressure region above 4 GPa is STILL the frontier for

the solid state physics.

A newly designed pressure cell[1] has been developed by Nakanishi et al..

This cell realizes nearly hydrostatic high-pressure(~ 6 GPa) condition and large

sample space (~�1.0�1.0). The load is applied uniaxially to the pressure cell, and the

inhomogeneity of pressure in the sample space is moderated by using a liquid

medium. We have continued further improvement of this original design in order to

generate higher pressure and the maximum pressure has reached 10GPa at room

temperature. We can easily perform precise transport measurement such as the 4-

terminal electrical resistivity in this cell. Recently we have succeeded in the NQR

measurement up to 8GPa in low temperatures.  Expanding the sample space to �1.5

is our next challenge. 

Reference 

[1]T. Nakanishi, N. Takeshita and N. Môri, Rev. Sci. Instrum., 2002, 73, 1828-1831.
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The ‘Paris-Edinburgh’ (PE) cell is currently used for a wide range of 

measurements such as neutron and X-ray diffraction, EXAFS, Compton scattering, 

inelastic neutron and X-ray scattering, and ultrasonic studies. This method provides 

excellent powder statistics, well defined and almost uniform temperature conditions, 

allows the study of liquids at high (P,T) and enables to recover macroscopic samples. 

One of the limitations of the standard design of the PE cell so far is its 

accessible (P,T) domain, restricted to ~ 10 GPa and 2000 K. However, in situ X-ray 

diffraction studies at conditions beyond these limits are extremely attractive in various 

domains of research. To overcome these limitations, we have designed a new high 

pressure set-up for in situ angle-dispersive X-ray diffraction studies under high (P,T) 

using the V7 type Paris-Edinburgh press. The V7 has a capacity of 450 tonnes, i.e. 

almost twice as the standard press, but still a weight of less than 80 kg. The ~ 20% 

larger overall dimensions allow to accommodate a two-stage multi-anvil system 

similar to the Stony Brook “T-cup system” which operates routinely to 25 GPa and 

2500 K. The advantage of such a combined V7-T-cup system is its extreme 

compactness compared to all other multi-anvil systems currently existing on other 

synchrotron sources. The reduced dimensions and weight allow to transport it easily 

between laboratories and to install it in almost any experimental hutch within ~2 

hours. It offers also the considerable advantage of being able to work with several 

presses simultaneously, i.e. carry out experiments with one cell whereas other 

presses are being prepared for the following measurements. We present this new 

high-pressure set-up as well as first results obtained in both off-line and on-line 

experiments at the ESRF [1]. 

 

[1] ESRF experimental report HS 2335. 
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Knowledge of the nature and magnitude of frictional forces is often important for fully 

interpreting the results of various types of experimental investigations of material 

rheology. One such example, depending on the experimental procedure, is the 

determination of yield strengths of materials under high pressure in the diamond anvil 

cell.  

We have developed an experimental method to obtain the coefficient of friction 

between diamond and metal in the DAC [1]. A metal ring is compressed between the 

diamond anvils and its inner and outer diameters are measured as a function of the 

compression. Measured dimensions are then compared to the results of finite 

element simulations, in which the coefficient of friction is a free parameter. As an 

example, we apply the method to polycrystalline molybdenum up to a hydrostatic 

pressure of 6 GPa.  

 

[1] J. C. Crowhurst, I. M. Darnell, A. F. Goncharov, D. H. Lassila, and J. M. Zaug, 
Appl. Phys. Lett,  85, 5188 (2004). 
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We have constructed equations of state of Cu, Ag, Au, Pt, W, MgO, NaCl, Al2O3 

and diamond, which agree with modern shock-wave, ultrasonic, X-ray and 

thermochemical data in the temperature range from 10-20 K to the melting 

temperature and to compression x=0.6. We used the Bose-Einstein function [1] for 

the thermal part of the Helmholtz free energy, different forms (Birch-Murnaghan, 

Vinet, Holzapfel) for the cold pressure, the Al’tshuler et al. form [2] for the volume 

dependence of the Grüneisen parameter, and the Zharkov and Kalinin model [3] for 

the electronic contributions to the Helmholtz free energy. Intrinsic anharmonicity was 

described with equations of the Oganov and Dorogokupets [4] that provide correct 

low-/high-temperature behaviours. We show that neglect of intrinsic anharmonicity 

gives incorrect high-temperature thermodynamic functions of some solids at low 

pressure. Constructing an equation of state using only shock-wave data while 

neglecting zero-pressure measurements (heat capacity, enthalpy, volume, thermal 

expansion, compressibility) leads to a significantly distorted room-temperature 

isotherm (e.g., for Cu and Ag) and affects the calibration of the ruby pressure scale 

[5]. We have cross-checked the calculated room-temperature isotherms for these 

solids in order to derive a self-consistent pressure scale; particular attention was paid 

to high-temperature isotherms of Au, Pt, MgO and NaCl.  

This work was supported by RFBR 05-05-64991. 
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We  will  present a Raman spectrometer in the near infra-red dedicated to high 

pressure study in the DAC at high P-T conditions. This set-up has been built from a 

commercial Perkin-Elmer spectrometer. A 20 W YAG laser is used for the excitation. 

Essentially, the following modifications have been done: A new sample compartment 

for a micron control positioning of the sample and for doing micro-microscopy in 

transmission with two Mitutoyo NIR objectives; A new filtering system with 3 Notch 

filters so as to have access to the Stokes and anti-Stokes spectra;  A visualisation of 

the sample under laser illumination; the insertion in the optical path of an optical 

transfer to a dedicated ruby fluorescence spectrometer. 

First, it  will be shown that the IR Raman spectroscopy offers some interesting 

possibilities at high pressure: a weak contribution of the  fluorescence of the diamond 

to the Raman spectra; less photo-induced chemical effects; the possibility of bulk 

Raman measurements in semiconductors;  Raman measurements much below the 

absorption edge of the diamond window even at very high pressure; the 

simultaneous Raman measurement over a broad spectral range. 

Moreover, the use of a 20 W YAG laser allows to do laser heating of the sample up to 

the 2000K-3000K range. The possibility to perform spectroscopy in the range 1.7 µm 

– 0.9 µm under this laser excitation allows to do Raman and blackbody temperature 

measurements at the same time. Raman spectra of  molecular systems under 

pressure have been obtained in the range 600K - 1300K. Above this temperature, the 

measurement of Raman signal is merged with blackbody radiation.  A Raman 

spectrometer in the visible is now coupled to this IR setup to lessen the relative 

contribution of the blackbody radiation and hence extend the measurements in the 

1600K range.  

 

348



Joint 20th AIRAPT – 43th EHPRG, June 27 – July 1, Karlsruhe/Germany 2005 

Synthesis of Boron Doped Diamond with Laser Heated Diamond 
Anvil Cell 

 

Weiwei Zhang1, Liangchen Chen1, Jinggeng Zhao1, Fengying Li1, Jing Liu2, 

Changqing Jin1 

1. Institute of Physics, Chinese Academy of Sciences, P. O. Box 603, Beijing 10080, 

China 

2. Institute of High Energy Physics, Chinese Academy of Sciences, P. O. Box 918, 

Beijing 10039, China 

email: wwzhang@aphy.iphy.ac.cn 

 

Recently the superconductivity was found in the boron-doped diamond 

synthesized at HPHT with toroid type high-pressure apparatus at 8–9 

GPa, 2,500–2,800 K. [1] This initiates the new round of research fever on 

boron doped diamond. In this paper, boron-doped diamond has been 

synthesized from graphite mixed with different ratio of B4C at high 

pressure high temperature (HPHT) using laser heated diamond anvil cell. 

The starting composition was transformed to diamond compound at 

pressure ~9GPa, 2200K-2600K as indicated by the in-situ x-ray 

diffraction pattern with synchrotron radiation source. Raman spectrum of 

the recovered specimen from HPHT state confirmed that boron has been 

doped into diamond lattice. 

 

 
 

[1] E. A. Ekimov, V. A. Sidorov, E. D. Bauer, N. N. Mel’nik, N. J.Curro, J. D. 

Thompson and S. M. Stishov, Nature 2004, vol.428, P542-544. 
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Graphite-like BN-C solid solutions are promising precursors for the high-pressure
synthesis of novel superhard phases in the B–C–N system.  Recently phase
transitions of turbostratic graphite-like BC2N up to 30 GPa have been studied in a
DAC using X-ray diffraction with synchrotron radiation [1].  With the aim of explaining
the observed evolution of diffraction patterns under compression at room
temperature, we have performed the Rietveld analysis of the experimental patterns
and simulated diffraction patterns of layered finite-size B–C–N clusters with lattice
defects of various types [2].

Our findings have shown that above 20 GPa a reversible diffusionless transformation
of the initial turbostratic structure into disordered layered high-pressure phase takes
place.  The general mechanism of the process includes disordering in interlayer
spacings, buckling of layers and abrupt change of interlayer spacings attributed to
the formation of the disordered high-pressure phase consisting of close-packed
buckled layers with a diamond-like structure (Figure).

References:
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According to the work of M. L. Cohen et al, two structures of hexagonal BC3 were 

identified to be stable. But their basic properties have not been investigated under 

high pressures. We employ an ab initio calculation on one of the proto lattice, which 

symmetry is CMCM. By full relaxation of the supercell and atoms inside, a meta-stable 

structure is found within the pressure ranges from 50GPa to 80GPa.  

The original cell, shown in Fig1 (a), is composed of 2 layers of graphite-like 

structure. Each layer contains 8 

atoms, 6 of which are carbon 

and the rest are boron. The total 

energies, electronic band 

structures, optical properties and 

the elastic properties are 

calculated when the system 

reaches equilibrium under pressures from 0GPa to 80GPa, by geometry-optimization 

using the quasi-Newton BFGS method at 0K. An indirect LDA band gap Eg≈0.4eV is 

observed at 0GPa, and when ambient pressure reaches 20GPa, the conduction band 

and the valence band overlap, suggesting that BC3 of this structure transits from a 

semiconductor to a metal, but the lattice maintains stable before 50GPa. When the 

pressure increases higher, the lattice is distorted due to the strong interaction 

between the layers which induces symmetry transformation from CMCM to CMCA, as 

shown in Fig1 (b), meanwhile the bond type transforms from sp2 to sp3 hybridization. 

The bulk modulus increases from about 15GPa to more than 500GPa as the pressure 

increases. 

(b) (a) 
Fig.1 (a) Layered structure of BC3 at 0K and 0GPa. 

(b) The structure of BC3 at 0K and 60GPa. 

Acknowledgment: This work was supported by 2003 EYTP of MOE of China and 

the NSAF of China, Grant No.10276016. 
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The objective of this work was to investigate the effect of the chemical environment

on the formation of carbon phases during the thermal decomposition of succrose

(C12H22O11) under high pressure. The samples were processed at 7.7 GPa in the

temperature range from 900°C to 1700°C in a toroidal-type high pressure apparatus,

during 15 min, inside the thermodynamic region of stability of the diamond phase.

The samples consisted of pure succrose, succrose diluted in water, and mixtures of

succrose + diamond powder, and diluted succrose + NiCl2:6H2O. The reaction

products were analyzed by micro-Raman spectroscopy and by X-ray diffraction. The

thermal decomposition of succrose under pressure favored  the formation of graphite

whose crystallinity depended on the chemical environment. The dilution of succrose

in water difficulted the graphitization process. A small amount of metallic ions in the

chemical environment modified the reaction product considerably, hindering the

graphitization. The presence of pyrolised succrose enhanced the annealing of

defects on micrometer sized diamonds promoted by the thermal treatment at high

pressure.
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Luminous cubic boron nitride (c-BN) single crystals, doped with Eu, Tb, and Sm,

respectively, have been first synthesized using a temperature gradient method under

high pressure [1]; the photo luminescence (PL) of Eu-implanted c-BN was once

investigated at atmospheric pressure [2]. The Eu-doped c-BN single-crystal

synthesized this time shows a strong and sharp peak at around 712 nm, which is due

to an intra-4f electron transition of Eu3+
,

5D0-
7F4. Thus we have investigated the

pressure change in the luminescence.

The high-pressure PL spectra have been

measured using a diamond anvil cell. A single

crystal with a dimension of about 50 x 50 �m2

was put in a sample chamber with a mixture of

methanol-ethanol (4:1 by volume) and a ruby ball.

The pressures loaded on the sample were

determined using the fluorescence of ruby.

The PL spectra were measured using an

excitation wavelength of semiconductor lather

(�=400 nm). The pressure change in the peak

frequency observed by loading up to 10 GPa is shown in Fig. 1. The frequency

monotonously increases with pressure by a variation ratio, 0.275 nm / GPa, which is

smaller than that of R1 of ruby [3].

References:

[1] T. Taniguchi et al., J. Crystal Growth, 2001, 222, 549, [2] U. Vetter et al., Appl.

Phys. Lett., 2004, 84, 4286, [3] G. J. Piermarini et al., J. Appl. Phys. 1975, 46, 2774.
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Fig. 1 Pressure change in the peak
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THE ALUMINUM-CARBON SYSTEM AT A PRESSURE OF 8 GPa
AND DIAMOND SYNTHESIS
Turkevich Vladimir, Garan Anatoliy

Institute for Superhard Materials of the National Academy of Science of Ukraine,
2 Avtozavodskaya St, 04074, Kiev, Ukraine, vturk@ism.kiev.ua

To synthesize diamonds at high pressures, carbon – metal (metals) systems are
used, melts of which dissolve carbon and ensure the nucleation and growth of
diamond crystals. The presence of the stable diamond liquidus in the system at high
pressures is the necessary condition for such a process to occur.

At atmospheric pressure the Al–C system is characterized by incongruent melting of
the Al4C3 carbide according to the L + C ⇆ Al4C3  peritectic reaction at 2150 оС. The
carbon liquidus, which should become the diamond one at high pressures, is located
in the higher temperature region. In the majority of systems, an increase in pressure
causes the temperatures of peritectic and eutectic equilibria to increase. For the Al–C
system, this behavior of the pressure dependence of the peritectic reaction
temperature is bound to lead to a lowest temperature of diamond synthesis at 8 GPa,
i.e. 2200-2250 оС.

In the present work, we have experimentally verified the parameters of diamond
synthesis in the aluminum–carbon system. Electrolytic aluminum and natural graphite
have been used as the initial materials. The experiments have been carried out in a
toroid-type high-pressure apparatus with a working cell of diameter 20 mm. An
indirect heating by a graphite heater was employed. In all the experiments, the
pressure measured from the phase transformations of the reference substances at
normal temperature was 8 GPa. It has been found that at this pressure the lowest
temperature of the diamond synthesis in the Al–C system is 2100±50 оС. The
diamond formation was registered in samples containing more than 50 at% of
carbon. Thus, the decrease in the temperature of nonvariant three-phase equilibrium
in the Al–C system is observed with increasing pressure, which is typical for systems
having a considerable negative mixing
volume. The Al-C phase diagram at 8
GPa has been thermodynamically
calculated.

Fig. X-ray pattern of the sample (82 at.%
C, 18 at.% Al) after treatment at 8 GPa
and 2100oC 20 30 40 50 60 700
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Electrical, microstructural properties and calorimetry of
superconducting boron-doped diamond

E. A. Ekimov1, V. A. Sidorov1, E. D. Bauer2, N.N. Mel’nik3, J.D. Thompson2 , 

S.M. Stishov1

1Institute for High Pressure Physics, Russian Academy of Sciences, 142190 Troitsk,

Moscow region, Russia
2Los Alamos National Laboratory, Los Alamos, NM 87454 USA

3Lebedev Physics Institute, Russian Academy of Sciences, 117924 Moscow, Russia

Here we report experimental study of a new superhard superconductor, B-doped

diamond. Superconductivity has been recently discovered in B-doped diamond,

synthesized at high temperature and pressure [1], and in B-doped diamond films

deposited by microwave plasma assisted chemical vapor deposition method [2, 3].

The diamond samples, synthesized at high pressures in the B4C-graphite system,

may contain less than 2-3 percent of only B4C phase and are sufficiently large for

electrical transport and magnetic susceptibility measurements. The maximum value

of the lattice parameter of diamond synthesized in the presence of boron carbide was

3,578±0.001 Å. We investigated microstructure dependence of electrical and

mechanical properties of boron-doped diamond. Our experiments showed the onset

of a resistive transition to the superconducting state at about 9 K followed by a sharp

transition to the zero-resistance state in the range 5.8-5.3 K for sample with

maximum lattice parameter 3.578 Å. The correlation of physical properties, such as

specific heat, electrical resistivity, and magnetic susceptibility, near the

superconducting transition temperature is a clear evidence of bulk superconductivity

in heavily boron-doped diamond samples.

[1] E.A. Ekimov, V. A. Sidorov, E.D. Bauer, N.N. Mel’nik, N.J. Curro, J.D. Thompson,

S.M. Stishov, Nature 428, 542-545 (2004).

[2] Y.Takano, M. Nagao, K. Kobayashi, H. Umezawa, I. Sakaguchi, M. Tachiki, 

T. Hatano, H. Kawarada, Appl.Phys.Lett.85, 2851 (2004).

[3] E. Bustarret; J. Kacmarcik; C. Marcenat, et al, Cond-mat/0408517 (2004).
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On cubic boron nitride formation in the BN–AlN system at high
pressures and temperatures

Vladimir L. Solozhenko,1  Yann Le Godec,2  Valery Levitas 3

1 LPMTM-CNRS, Institut Galilée, University Paris Nord, Villetaneuse, France
2 IMPMC, Université Pierre et Marie Curie, Paris, France  (yl@pmc.jussieu.fr)
3 Dept of Mechanical Engineering, Texas Tech University, Lubbock TX, USA

Since the first successful synthesis of cubic boron nitride (cBN) made by Wentorf 35
years ago, two principal mechanisms of cBN formation have been revealed:  1) direct
solid-state conversion of graphite-like hexagonal BN (hBN) at high pressures and
temperatures (8 GPa at 2000 K)  and  2) cBN crystallization from BN solutions in
different eutectic (or peritectic) melts above 4 GPa at temperatures of 1400-1700 K.

Very recently we have in-situ studied the BN–AlN system at pressures up to 8 GPa
and temperatures up to 2200 K using angle-dispersive X-ray diffraction with
synchrotron radiation.  cBN formation in system has been observed starting from
5.3 GPa at temperatures above 1700 K that can not be explained by either of the
mentioned above mechanisms.  According to our results, in the whole p-T range
under study, the formation of liquid in the BN–AlN system is not observed, therefore,
the realization of the second mechanism is impossible.  On the other hand, the
threshold pressure of cBN formation in the system is too low for the direct solid-state
hBN-to-cBN transformation, however, no evidence for formation of other crystalline
or amorphous phases in the BN–AlN system has been found.

To explain the effect of AlN on the reduction of threshold pressure for hBN-to-cBN
phase transformation, we have developed a simple continuum mechanical and
thermodynamic model.  Rigid particles of AlN do not change pressure in the
neighborhood, but create non-hydrostatic stress state.  Our estimates show that at
pressure of 5.3 GPa, the radial stress (orthogonal to the particle surface) is higher by
2 GPa.  Generally, an increase in radial stresses is proportional to the pressure.
Deformation of hBN crystal lattice in the course of the phase transformation is also
very anisotropic, with maximum compression in the c-direction.  To estimate
thermodynamic conditions of the phase transformation under non-hydrostatic stress
state, a recently developed phase transformation criterion has been used.  As the
result, for hBN crystals with c-axes oriented along the normal to AlN particle,
pressure in a standard phase transformation criterion has to be substituted by the
radial stress.  Thus, the observed difference between the radial stress and pressure
explains the maximum possible magnitude of reduction (2 GPa) in threshold
pressure of direct hBN-to-cBN phase transformation in the presence of AlN.
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The strength of diamond 

M. I. Eremetsa, I. A. Trojana,b, P. Gwazea, J. Hutha, V. D. Blankc, and R. Boehlera

aMax Planck Inst. für Chemie, Postfach 3060, 55020 Mainz, Germany

b
Institute for High Pressure Physics Russian Academy of Sciences, Troitsk, 142092 

cTechnological Institute for superhard and novel carbon materials, Troitsk, 142092 

Diamond is the hardest known material. However, the limits of diamond are not clear 

because its yield strength y is not known. At room and lower temperatures diamond is 

a prototype of brittle solids, but signs of plastic deformation were observed during some 

experiments on indentation, sclerometric tests, and pressurizing diamond anvils. We 

report methods for reproducible plastic deformation of diamond and determination of 

yield strength. We squeezed a gasket between diamond anvils and thus concentrated 

the pressure at the center of the anvils. We precisely determined the beginning of the 

diamond yielding by measuring the pressure distribution over the anvils, and detecting a 

strong luminescence - a fingerprint of the plastically deformed diamond (Fig. 1). By 

using the theory of elasticity for this loading, we determined the maximum shear stress 

and hence the yield strength of diamond at room temperature y = 130-140 GPa. This 

means in particular, that diamond is 70-100 times stronger than hardened steel. Our 

findings may be used to extend the static pressure limit beyond the current value of 

about 300 GPa which is determined by yielding of diamond.

400 600 800
0

20000

40000
1.5 eV1.7 eV2.44 eV

351 nm

750 nm

514.5 nm

700 nm

In
te

n
s
it
y
 o

f 
lu

m
in

e
s
c
e

n
c
e

, 
a

rb
. 

u
n

it
s

Wavelength, nm
a b

Fig. 1. Plastically deformed diamond. (a) Imprint at the culet of diameter 20 m after 

pressurizing to 200 GPa. (b) Luminescence of a plastically deformed synthetic diamond (there is 

no noticeable luminescence from underformed diamond) excited with the marked laser 

excitation lines. There are characteristic bands at 2.44, 1.7, and 1.5 eV. Sharp lines in the 

spectra are the first-order Raman scattering of diamond, and absorption bands near the laser 

lines are due to the notch filters. 
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The stability of methane clathrates above 1 GPa

Choukroun M., Grasset O., Morizet Y.

UMR 6112, NANTES /FRANCE, Mathieu.Choukroun@chimie.univ- nantes.fr

During  years  2005- 2008,  the  Cassini  spacecraft  will  provide  infrared  remote

sensing images of Titan's surface, the largest satellite of Saturn. Understanding the

relationships between Titan's atmosphere and surface as observed by Cassini, and

the  deep  interior,  requires  an  accurate  knowledge  of  the  phase  relations  in  the

methane- water system. One of the key parameter for understanding Titan's dyna-

mics and history is the methane clathrate stability curve at pressures above 200 MPa.

The methane clathrate stability curve in the pressure range [0- 2 GPa] is studied

using an optical  sapphire anvil  cell  coupled with a LabRam Raman spectrometer.

Samples of CH4- H2O mixtures are enclosed in a 1 mm hole drilled in a pre- indented

60 µm thick stainless steel gasket. The sample is loaded at 77K in a system which

provides a rough control of the stoechiometry (±10%). 

Pressure measurements are carried out

using  a  diamond  pressure  sensor  which

has  been  calibrated  against  the  melting

curve of pure ice (Figure 1).  This sensor

has been preferred to ruby in the  pressure

range below 2 GPa because the position

of the Raman peak depends only weakly

on  temperature.  Furthermore,  diamond

does  not  react  with  the  aqueous  fluid

which  acts  as  a pressure medium.  As  a

contrary, it has been observed that chromium diffuses from ruby to liquid medium so

that pressure measurements with the ruby technique are inaccurate.

A  synthesis  of  both  previous  and  new  data  on  the  CH4- H2O  system  will  be

proposed.  First,  the  dissociation  curve  at  high  pressures  will  be  reconciled  with

previous data from petroleum research at moderate pressures. Second, the phase

boundary between low pressure methane clathrates  (structure I)  to  an hexagonal

structure II (expected around 1 GPa) will  be studied. Implications of this work for

understanding the nature of methane reservoirs within Titan will be shown.

Fig. 1: The pressure dependance of the diamond
Raman peak in the moderate pressure range [0-
1 GPa] relevant for Titan.
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Direct measurement of the equation of state of liquid water under 
pressure 
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Valentín. G. Baonza* 

Universidad Complutense de Madrid, 28040 Madrid, Spain 

Email: vgbaonza@quim.ucm.es  

 

 

We present a novel experimental technique to determine the equation of state of 

compressed liquids. Both interferometric and photographic methods are used for 

direct volume determination at a given pressure.[1]  

Direct measurements of the equation of state of water are reported at room 

temperature. Measurements have been performed in a cubic zirconia anvil cell 

(CZAC) using copper as gasket material. The pressure is determined by the standard 

ruby fluorescence method. Our results are compared to recent experimental results 

of the high pressure equation of state of water over the whole liquid range [2].  

We also present a model that relates the pressure profile in the anvil cell with the 

elastic properties of the gasket material. We confirm that a detailed study of the 

pressure behavior of the gasket allows to obtain the compressibility of the sample by 

comparison of the pressure profile in the absence of sample. This model seems to be 

very promising, because it allows to obtain information about the equation of state of 

the sample by simply measuring the pressure profile on the gasket. 

 
[1] J. van Straaten and I. F. Silvera, Phys. Rev. B 1988, 37, 1989-2000. 

[2] A. Dewaele, J. H. Eggert, P. Loubeyre, and R. Le Toullec Phys. Rev. B 2003, 67, 

094112. 
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Fluorescence of  oxygen under pressure.  
Gunnar Weck (gunnar.weck@cea.fr), Davina Sihachakr (davina.sihachakr@cea.fr), Ramesh 
Andre (ramesh.andre@cea.fr) and Paul Loubeyre (paul.loubeyre@cea.fr), DIF/DPTA, CEA 
91680 Bruyères-le-Châtel, France. 
 

Raman spectroscopy of molecular systems under pressure has been used mainly to 

investigate the low energy excitations, like vibrational modes. However, when the 

incident photon energy is matching an electronic transition, electronic processes can 

be observed in the spectra, such as the absorption band edge or luminescence 

bands, and their intensity can largely overcome the one of the Raman signal.  

Generally the first excited states of simple stable molecules lie in the UV range, i.e 

above the absorption threshold of diamond (>2.5 eV).   Interestingly, the oxygen 

molecule has an  electronic transition 
3

 in the near-infrared region, very near 

the YAG laser photon energy. The transition is spin-forbidden but can occur in a 

bimolecular process where one molecule is excited in the 1 state and the other 

undergoes a spin flip. We have excited oxygen samples under high pressure with a 

YAG laser and measured the luminescence spectra in the near infrared. Our 

measurements show a rapid increase of the luminescence intensity of O

∆Σ →− gg
1

∆g

2 up to 2 

GPa related to an increase of the bi-molecular process due to the increase of density. 

Above 2 GPa, the intensity of the luminescence starts to decrease, because the 

mechanism of electronic desexcitation becoming less effective compared to other 

process (phonon). This is confirmed by the observation of a thermal lens in the solid 

above 6 GPa. Finally the total disappearance of the luminescence in the ε phase 

could be related to a dramatic change of the absorption band. This YAG induced 

fluorescence could have direct application for novel high pressure material synthesis 

with O2 by using O2 as a reactant because it is well-known that the oxygen molecule 

is highly reactive in the 1 state. ∆g

 

 

 
 

360



High-Pressure High-Temperature Brillouin Study of Liquid water
Fangfei Li, Qiliang Cui, Zhi He, Qiang Zhou, Guangtian Zou

The recently reported structural transformations occurring to water from the low-

density (LDW) to high-density (HDW) regimes have been studied by in situ Brillouin

scattering at temperatures up to 230 0C and at pressures up to 5GPa. We find a

discontinuity response of the sound velocity of water as pressure increases at

ambient temperature (300K), while the velocity increases with pressure smoothly at

higher temperature. The result of this study demonstrates the possible

thermodynamic stable regime of the high-density water existing, which consists with

the theoretical calculation. Proper calculations have been made to complete the

conclusion. 

The properties of water at high pressure and temperature are of fundamental

interest in physics, chemistry, and planetary sciences. Besides the variety of ice

polymorphism existing under different conditions of pressure and temperature, some

have pointed out that near ambient conditions the liquid water process two different

structures as LDW and HDW, but exact regimes and nature of these two forms are

still controversies. An amount of experimental work such as Raman scattering,

neutron diffraction, and X-ray diffraction have been carried out to investigate this

phenomenon, we first attempt to study it by Brillouin scattering which is sensitive to

density change,  and draw a conclusion.
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Stability of filled ice structure of methane hydrate and  
existence of a post filled-ice structure 
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hhirai@sakura.cc.tsukuba.ac.jp, 2: National Institute of Advanced Industrial Science 

and Technology, Japan, 3: Institute for Solid State Physics, Tokyo University, Japan 

Understanding of the structural changes in gas hydrates under pressure has 

been advanced by recent studies. The cage structures of gas hydrate containing the 

guests smaller than methane transform to a filled ice structure Ih (FIS-Ih) under 

higher pressure [1]. The stability of these cage structures almost correlates to guest 

size and pressure [1]. On the other hand, the retention of the filled ice structure are 

various among the hydrates; The FIS-Ih of methane hydrate survived up to 40 GPa 

[2], while the others decompose below 6 GPa. According to a theoretical study,   FIS-

Ih of methane hydrate remains under the pressure higher than 80 GPa, accompanied 

by symmetrization of hydrogen bonds [3]. The present study intends to examine 

whether a possible post FIS-Ih of methane hydrate exists or not above 40 GPa and to 

examine how the FIS-Ih can be kept under such high pressure. 

  The in-situ x-ray diffractometry and Raman spectroscopy performed in the 

pressure range from 0.1 MPa to 86 GPa revealed a transition from the FIS-Ih to a 

high-pressure form at 40 GPa. That XRD pattern was indexed as a orthorhombic 

structure. The vibration modes of methane molecules were split at about 20 GPa 

without any change in the XRD pattern. And, the vibrations showed softening, 

comparing to those of solid methane. The observed changes in the intramolecule 

vibrations suggest increased attractive interactions between the methane molecules 

and also between the methane and water molecules. This interaction can result in 

additional stabilization of the FIS-Ih under such high pressure.  

References 

[1]  H. Hirai, T. Tanaka, T. Kawamura, Y. Yamamoto and T. Yagi, J. Phys. Chem. 

Solid, 2003, 65, 1555-1559. 

[2]  H. Hirai, T. Tanaka,  T. Kawamura, Y. Yamamoto and T. Yagi, Phys. Rev. B, 

2003, 68, 172102-1~172102-4.  

[3] T. Iitaka and T. Ebisuzaki, Phys. Rev. B, 2003,  68, 172105-1~172105-4. 
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The structure of amorphous ice under pressure has been studied by molecular

dynamics and in-situ neutron diffraction. The starting low-density phase undergoes

significant changes as the density increases, and at ������� ���	3 our calculated

gOO(r) is in excellent agreement with our experimental data obtained at 1.8 GPa and

100 K on very high density amorphous ice (VHDA) made at 150K. The analysis of

orientational distributions reveals that dense amorphous ice is characterized by major

distortions of the tetrahedral geometry, and that the structural changes on

densification can be interpreted as a trend towards a disordered closed packed

structure [1]. The onset of the angular distortions is driven by temperature and

explains the existence of two high-density forms of amorphous ice, HDA and VHDA

[2]. A similar study, although very difficult from the experimental point of view, has

been conducted on hot liquid water up to 700 K and 6.5 GPa. The analysis of the

experimental data and of the classical and Car-Parrinello simulations shows that

water under these conditions behaves more and more as a simple liquid [3].

�

[1] A.M. Saitta ������, J. Chem. Phys. ���, 8430 (2004).

[2] A.M. Saitta ������, in preparation (2005).

[3] Th. Str
����������, in preparation (2005).
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Structural and vibrationnal studies of solid ammonia  
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Like water, ammonia is a major member of the group of simple hydrogen-bonded 

molecular ices. The study of its high-pressure properties is first of natural interest due to its 

abundance in the solar system, especially in the Jovian planets. Ammonia also presents a 

fundamental interest in condensed-matter physics as a H-bonded solid. Hydrogen bonds are 

weaker in ammonia than in water since 3 H atoms share a single lone pair (instead of 2 H 

sharing 2 lone pairs in the case of H20). Whereas the symmetric state of water ice has been 

observed experimentally, the symmetrization path in ammonia appears more complicated. 

First, the phase diagram is barely known above 10 GPa. The structure of phase IV has been 

a longstanding issue: first identified by X-ray diffraction as hexagonal close-packed [1], 

neutron diffraction experiments [2] revealed an orthorhombic structure with space group 

P212121.  The stability of phase IV at higher pressure has also been subject to discussion for 

a long time : the presence of new phases has been suggested by Raman, Brillouin [3] and IR 

[4] experiments. But these results are confusing (what are the transition pressures ?) and 

incomplete (what is the nature of these new phases ?). 

As a matter of fact, previous structural studies on ammonia under pressure have all 

been hampered by the problem of making a good powder. We decided to overcome this by 

using single-crystal samples. We performed X-ray diffraction experiments up to 120 GPa and 

polarized Raman scattering on single crystals up to 70 GPa at low temperature. The use of 

single crystals allowed us to observe for the first time both very weak diffraction peaks and 

Raman modes and measure their evolution with pressure. The comparison between NH3 and 

ND3 showed significant isotopic effects. We will present and discuss the new structural and 

vibrationnal informations we obtained on the high pressure phases of ammonia.               

References: [1] Otto et al, J. Chem. Phys. Sol., 1989, 50, 171-175 

[2] Loveday et al, Phys. Rev. Lett., 1996, 76, 74-77 

[3] Gauthier et al, Phys. Rev. B, 1988, 37, 2102-2115; Gauthier et al, Sol. St. Comm., 1988, 

149-153 

[4] Sakashita et al, Rev. High Pres. Sc. Tech., 1998, 7, 796-798 
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We report measurements of the phonon dispersion of ice Ih (ordinary ice) under 

pressure to 0.5 GPa, at 140 K, using inelastic neutron scattering. They reveal a 

pronounced softening of various low-energy modes, in particular those of the 

transverse acoustic phonon branch in [100] direction and polarization in the 

hexagonal plane. We demonstrate with the aid of a Born - von Kármán model that 

these anomalous features in the phonon dispersion are at the origin of the negative 

thermal expansion coefficient in ice below 60 K. Extrapolation to higher pressure 

shows that the mode frequencies responsible for the negative thermal expansion 

approach zero at ~ 2.5 GPa, which explains the known [2] pressure-induced 

amorphisation in ice. These results give clear experimental evidence that pressure-

induced amorphisation in ice Ih is due to a lattice instability.  

 

 

 

[1]  Th. Strässle, M. Saitta, S. Klotz, M. Braden, Phys. Rev. Lett. 2004, 93, 225901. 

[2] O. Mishima, L.D. Calvert, E. Whalley, Nature 1984, 310, 393. 
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Fig. 1. Pressure dependence of 
Raman frequency shifts of methane 
hydrate (MH) and partially deuterated 
methane hydrate (PDMH) below 100 
cm-1 at 296 K. 
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Lattice vibrational Raman spectra in sI phase 
of methane hydrate under high pressure 
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Department of Materials Science and Technology, Gifu University, 

1-1 Yanagido, Gifu 501-1193, Japan 

E-mail address: ssasaki@cc.gifu-u.ac.jp 

 
The cubic sI phase of methane hydrate (MH) is 

well known to exist up to 0.9 GPa at room 

temperature [1,2], and to be composed of two 

small and six medium host water cages per unit 

cell. Recently, Baumert et al. [3] have found the 

localized guest methane vibrations inside the 

medium cage at 40 cm-1 by the inelastic x-ray 

spectra at 100 K and the theoretical calculation. 

However, such vibrations in host cages are not 

yet identified by Raman spectra. Therefore, the 

purpose of this study is to investigate the lattice 

vibtational Raman spectra of partially deuterated 

methane hydrate (PDMH; CH4-5.75D2O) by 

comparing with those of MH and to identify the 

vibrations of guest molecules and host cages. 

Raman spectra of MH and PDMH up to 0.9 GPa were measured for the lattice 

vibrational region between 30 cm-1 and 500 cm-1 at 296 K. With the exception of the 

peak at about 50 cm-1, Raman frequencies of PDMH are about 3% lower than those 

of MH (see Fig.1) because of the substitution of D2O, which suggests that these 

signals are basically attributed to the host-cage vibrations. On the other hand, the 

peaks of MH and PDMH around 50 cm-1 should be the vibrations of guest methane 

molecules in the medium water cages, since these peaks have almost the same 

frequency and the characteristic pressure dependences. 

[1] J. S. Loveday et al. Nature 2001, 410, 661-663. 

[2] H. Shimizu et al. J. Phys Chem. B 2002, 106, 30-33. 

[3] J. Baumert et al. Phys. Rev. B 2003, 68, 174301. 
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Hydrogen-bonded substances under high pressure: Ultrasonic study of

the low temperature phase diagrams of methanol, ethanol and H2O ice

E.L. Gromnitskaya, O.V. Stal’gorova, O.F. Yagafarov, V.V. Brazhkin, A.G. Lyapin,

and S.V. Popova Institute for High Pressure Physics, Russian Academy of Sciences,

Troitsk , Moscow region, 142190, Russia, Email: grom@hppi.troitsk.ru

Methanol and ethanol are reasonably among the model objects that can serve to

study the nature of interatomic interactions in condensed systems with hydrogen

bonds. Unlike water, which is also hydrogen-bonded substance, alcohols are much

less studied, experimental data on their pressure-temperature diagrams and high-

pressure physical properties being scanty [1-3]. We present a detailed ultrasonic

study of the low-temperature phase diagrams and elastic properties of methanol and

ethanol under pressures up to 1.2 GPa in the temperature range from 90 to 300 K,

comparing those with the similar data for ice [4] considering as a system with the

stronger hydrogen bonds. 

The experiments were carried out in the high-pressure low-temperature ultrasonic

piezometer [5]. For methanol, we have established the exact boundary of the α-β

crystal-crystal phase transition and found a week anomaly of density and longitudinal

ultrasonic velocity in the liquid phase at temperatures 230 to 250 K and pressures 0.2

to 0.6 GPa, which is likely can be associated with the structural changes to the more

dense liquid phase with the increase of pressure. Still, there is questionable an

existence of the α-β-liquid triple point. A nature of structural changes in the liquid

phase should also be clarified by direct in situ methods. In general, methanol

demonstrates more complicated phase behavior under pressure in contrast to

ethanol, phase diagram of which is quite simple in the studied pressure-temperature

area. We associate the differences in the phase diagrams of methanol and ethanol to

the stronger hydrogen bonds in methanol and to simpler structure of its molecules.

The last trend is directly illustrated by H2O water, which has one of the simplest

molecule, the strong hydrogen bonding, and quite complicated phase diagram. We

present a detailed ultrasonic study of the transitional phase diagram of H2O ice [5],

providing new insights into the mechanism of crystal-to-amorphous and amorphous-

amorphous transformations.
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High-pressure liquid-solid phase transition and meltline for Water

Daniel Orlikowski, Jeffrey H. Nguyen, Frederick H. Streitz, Neil C. Holmes,

John A. Moriarty

Lawrence Livermore National Laboratory,

Livermore, CA 94551-0808, orlikowski1@llnl.gov

In connection with recent isentropic experiments on water where a functionally

graded impactor in a light-gas gun is used to systematically probe the high-pressure

meltline for water, hydrodynamic simulations of water undergoing a pressure-induced

phase transition into its ice phase are presented. From a well defined set of initial

conditions, the liquid system is isentropically compressed into its solid phase, thus a

mitigating first-order phase transition occurs during which the energy of the system

increases. Specifically, the simulations use a tabular single phase equation of state

(EOS) for each phase. To mitigate between the single-phase EOS's of the system

during mixed phase intervals, a thermodynamic linear mixing scheme is used. In this

scheme a time constant is related to the phase transition rate which incorporates the

underlying effects of kinetics. The simulation models in one dimension the entire

experimental setup, accounting for the wave interactions throughout the impactor

and target. The calculated results are directly compared with particle velocity

records from the experiment.

This work was performed under the auspices of the U.S. Department of Energy by

the University of California Lawrence Livermore National Laboratory under contract

W-7405-Eng-48.
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Polymeric nitrogen 

M. I. Eremetsa, A.G. Gavriliukabc, I.A. Trojanac, D.A.Dzivenkoa, R. Boehlera

aMax Planck Institute für Chemie, Postfach 3060, 55020 Mainz, Germany

bA.V.Shubnikov Institute of Crystallography of Russian Academy of Sciences, Moscow ) 

cHigh Pressure Institute of Russian Academy of Sciences, Troitsk (Russia)

Our recent results on nitrogen at megabar pressures will be reviewed. The 

transformation of molecular nitrogen to a single-bonded atomic nitrogen is of significant

interest from a fundamental stand point and because it is the most energetic non-

nuclear material predicted. We synthesized it directly from molecular triple-bonded 

nitrogen at temperatures above 2000 K and pressure above 110 GPa with the help of a 

novel arrangement of the laser-heated diamond cell [1]. Using x- ray and Raman 

scattering we have identified this as the long sought after polymeric nitrogen [2] with the 

theoretically predicted cubic gauche structure (cg-N) [3], Fig. 1. Its bulk modulus B 

300 GPa is characteristic of strong covalent solids. This crystalline phase is different

from the amorphous nonmolecular nitrogen [4] obtained at the cold compression. 

Fig. 1. Cubic gauche structure of nitrogen. 

The primitive cell is shown. Each atom of 

nitrogen is connected to three neighbors 

with three single covalent bonds

1. Eremets, M.I., et al., Single-bonded cubic form of nitrogen. Nature Materials, 
2004. 3: p. 558-563. 

2. McMahan, A.K. and R. LeSar, Pressure dissociation of solid nitrogen under 1 
Mbar. Phys. Rev. Lett., 1985. 54: p. 1929-1932. 

3. Mailhiot, C., L.H. Yang, and A.K. McMahan, Polymeric nitrogen. Phys. Rev. B, 
1992. 46: p. 14419-14435. 

4. Eremets, M.I., et al., Semiconducting non-molecular nitrogen up to 240 GPa and 
its low-pressure stability. Nature, 2001. 411: p. 170-174. 
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The high-pressure synthesis and effect on structural and electrical 

properties of SrCrO3 perovskite

Y. W. Longa, C. Q. Jina, L. X. Yanga, Y. Yua, J. S. Zhoub, J. B. Goodenoughb

a: Institute of Physics, Chinese Academy of Sciences, P. O. Box 603, 100080,

Beijing, China.

  b: Texas Materials Institute, University of Texas at Austin, U. S. A.

Abstract

As an important materials systems of strongly correlated electron system, the 3d transition 

metal oxide (TMO) has received growing interests due to unusual physical behaviors ranging 

from high Tc superconductivity, to CMR, to the metal-insulator transitions[1]. Pressure has play 

significant role in either the new materials synthesis of TMO with special valence[2] or the close 

packed perovskite related structures, as well performed in copper oxide superconductors[3]

Chromium (IV) oxides with ABO3 perovskite structure are rare at ambient pressure due to the 

unusual electronic distribution of Cr
4+

, and these compounds only can be synthesized under 

high pressure high temperature (HPHT). We synthesized polycrystalline SrCrO3 sample under 

high temperature high pressure through improved methods. X-ray diffraction (XRD) pattern 

indicated all peaks could be indexed with cubic crystal symmetry. In-situ high-pressure energy 

dispersive XRD measurements with the diamond-anvil cell (DAC) using synchrotron radiation 

showed the crystal structure of SrCrO3 was stable under pressure up to 30GPa. According to 

the Birch-Murnaghan equation of state, we obtained a large bulk modulus about 280GPa for 

SrCrO3. The result of the resistance versus pressure relationship showed the sample has an 

electronic structure phase transition at 10GPa. The possible reason causing the pressure 

behavior will be discussed.

Key words: transition metal oxide, high pressure synthesis, high pressure measurements, 

electronic phase transition, diamond anvil cell, synchrotron
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High-pressure structural behavior of nanocrystalline germanium 

Jianzhong Jiang* and Hui Wang, Department of Materials Science and Engineering, 

University of Zheijiang, Hangzhou 310027/P.R. China, jiangjz@zju.edu.cn 

J. Staun Olsen, Niels Bohr Institute, Oersted Laboratory, University of Copenhagen, 

DK-2100 Copenhagen/Denmark, staun@fys.ku.dk 

Leif Gerward, Department of Physics, Technical University of Denmark, DK-2800 

Lyngby/Denmark, gerward@fysik.dtu.dk 

At ambient conditions, Ge has the cubic diamond-type structure with space group 

mFd 3  (227). The room-remperature semiconductor-to-metal transition I II has been 

extensively studied using resistance measurements, x-ray diffraction, shock-wave 

techniques and quenching. The Ge-II modification has a tetragonal structure of the -

Sn type with space group  (141). In the present work, using XRD, we have 

studied the equation of state and the I–II transition of nanocrystalline Ge with 

crystallite sizes 13, 49 and 100 nm. The experimental results are given below:

amdI /41

Sample Lattice constant

a0 (Å) 

Bulk modulus 

B0 (GPa) 

Transition pressure 

Ptr (GPa) 

– V/V (%) 

at transition 

Bulk 5.6576a 75b 8.0(5)c – 10.5(2)d 19.4(9)c

100 nm 5.660(2) 88(3) 11.5(3) 17.5(3)

49 nm 5.659(3) 92(3) 12.4(3) 17.3(3)

13 nm 5.645(5) 112(3) 16.4(3) 17.3(3)

a Literature data, b Ref [1], c Ref. [2], d Ref. [3]. 

It is seen that the smaller the particles, the higher the bulk modulus and the transition 

pressure. A theoretical model for the high-pressure behavior will be presented. Since 

a large fraction of the atoms reside in the grain boundaries of the nanophase 

material, it is clear that the interface structure plays a significant role in affecting the 

physical properties of these materials. 

References:

[1] H. J. McSkimmin, P. Andreatch. J. Appl. Phys. 1963, 34, 651–655. 

[2] M. Baublitz, A. L. Ruoff. J. Appl. Phys. 1982, 53, 5669–5671. 

[3] S. B. Quadri, E. F. Skelton, A. W. Webb. J. Appl. Phys. 1983, 54, 3609–3611. 
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Hydrothermal Synthesis of Silver Nanoparticles 
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email: kometani@a-chem.eng.osaka-cu.ac.jp 

     Hydrothermal techniques have been widely used in materials processing, crystal 

growth, waste treatment, and so on. In recent years, techniques of hydrothermal 

synthesis have been developed by the combined use of other chemical processes 

such as electrode reactions and crystallization. In this study, we have examined 

hydrothermal synthesis of Ag nanoparticles by reducing Ag+ ions in the presence of 

polyvinylpyrrolidone (PVP). 

     Aqueous solutions of AgNO3 (3 mM) and PVP (30 g dm-3) were injected into the 

high-pressure optical cell equipped with two sapphire windows (optical path = 1 cm) 

by a HPLC pump at various flow rates (0.2, 0.5, 1.0 cm3min-1) and pressure was kept 

at 40 MPa by a back-pressure regulator. Temperature was controlled using a 

jacket-type heater surrounding the cell. Absorption spectra of aqueous solutions at 

hydrothermal environments were measured in situ by a spectrophotometer. Prepared 

Ag colloidal solutions were subjected to TEM observations. 

     Absorption spectra of aqueous AgNO3/PVP solutions measured at 40 MPa and 

at temperatures higher than 250 °C are characterized by the broad band developing 

around 400 nm, which is attributed to the surface plasmon band of Ag nanoparticles. 

This observation indicates that PVP acts as a reducing agent as well as a protective 

agent for the formation of silver nanoparticles under hydrothermal conditions. The 

peak wavelength of this absorption band is blue-shifted with increasing flow rate, 

indicating the decrease in the average size of Ag nanoparticles, which is consistent 

with TEM observations. 
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The effect of hydrothermal treatment on the photocatalytic activity 

of TiO2 nanoparticles  

Akiyo Fujita, Noritsugu Kometani*, and Yoshiro Yonezawa 

Graduate School of Engineering, Osaka City University, Osaka, Japan 

e-mail: kometani@a-chem.eng.osaka-cu.ac.jp 

The improvement of photocatalytic activity of TiO2 has been a subject of extensive 

studies. It is therefore important to investigate the correlation between the 

photocatalytic activity and bulk and surface properties. Hydrothermal treatment has 

been used in the reformation of inorganic materials. In this study, we have examined 

the effect of hydrothermal treatment on the photocatalytic activity, crystal structure, 

surface condition and morphology of TiO2 nanoparticles.  

TiO2 nanoparticles were synthesized by controlled hydrolysis of titanium 

isopropoxide according to the method of O’Regan&Grätzel[1]. TiO2 colloidal solutions 

(1.6×10-5M) were continuously injected by a HPLC pump into a high-pressure cell at 

various flow rates (0.2, 0.5, 1.0 cm3min-1). Pressure was kept at 40 MPa by a 

back-pressure regulator, and temperature was controlled using a jacket–type heater. 

The morphology of TiO2 nanoparticles was observed by TEM, and the crystal 

structure was analyzed by electron diffraction method. The photocatalytic activity was 

examined by the photoreduction of silver ions and the oxidative degradation of 

thiacyanine dye as model reactions. It has been demonstrated that the shape, size 

and the photocatalytic activity of TiO2 nanoparticles are considerably changed as a 

result of hydrothermal treatment. Phase transition of crystal structurein in TiO2

nanoparticles is observed for hydrothermal treatment at 300°C, 40MPa, 0.2cm3min-1.

 [1] B. O’Regen ,M. Grätzel, Nature 1991 353, 737  
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HiPCO single-wall carbon nanotubes under pressures up to 50 GPa:

Electrical properties

Olga V. Narygina 1),  Yana Y. Volkova 1),  Alexey N. Babushkin 1),

Elena D. Obraztsova  

1) Ural State University, Department of Physics, Lenin Av., 51, Ekaterinburg 620083,

Russian Federation

Abstract:

Single-wall carbon nanotubes (SWNT) produced by HiPCO method and purified by

thermal oxidation in air have been studied by impedance spectroscopy. The purity of

nanotubes was estimated as 99% [1]. The dc conductivity measurements were

carried out at temperatures 77-450 K. High pressure has been generated in the

diamond anvil cell (DAC) with anvils of the "rounded cone-plane" type made of

synthetic carbonado-type diamonds. These anvils are good conductors, permitting

measurement of the resistance of samples placed between the anvils in the DAC by

using the anvils as the electrical contacts to the sample.

The activation energy of the SWNT was estimated from the temperature

dependences of resistivity. Temperature dependences of HiPCO SWNT resistivity

were plotted and analyzed. Activation energy dependences of pressure were

analyzed.

This work was supported in part by grant BRHE EK-005-X1 (Ural research

educational center "Advanced materials").

[1] V. Karachevtsev et al, Photoelectric and optic properties of fullerenes, 2002, 179.
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High-Pressure structural study on meso-carbon micro beads using

hydrogen pressure-transmitting medium

Atsuko Nakayama, Satoshi Nakano and Kenichi Takemura
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1-1, Namiki, Tsukuba, Ibaraki 305-0044, Japan

Masato Ishihara and Yoshinori Koga

Research Center for Advanced Carbon Materials, National Institute of Advanced

Industrial Science and Technology (AIST),

1-1-1, Higashi, Tsukuba, Ibaraki 305-8565, Japan

nakayama.atsuko@nims.go.jp

Meso-carbon micro beads (MCMBs) are spherical carbon particles having 300 nm

in deameter on the average [1]. According to the transmitting electron microscope

image, each particle of MCMB is composed by micro-graphites, taking a helical

structure like a rose flower. The inner structure of MCMB has gaps and spaces

between the micro-graphits, which is different from that of G ball: concentric, closed

and solid particle [2]. Such an opened-structure is

expected to have the hydrogen storage capacity.

Then the pressure change in volume of MCMBs has

been investigated by x-ray diffraction measurements

using a diamond anvil cell with the hydrogen

pressure-transmitting medium.

Figure 1 indicates the pressure change in volume

of MCMBs in hydrogen gas atmosphere at room

temperature. The a-axis length shows a 0.8 %

increase at 0.7 GPa; additional pressurization

causes the decrease. On the other hand c-axis length monotonously decreases with

increasing pressure. In consequence the volume shows a passing expansion by

0.7 % at 0.7 GPa. Such a volume expansion suggests that MCMBs have the

hydrogen storage capacity.

References: [1] MCMBs had been commercialized by Osaka gas co. in Japan, [2] A.

Nakayama et al., Appl. Phys. Lett., 2004, 84, 5112.
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Raman study of pressure screening effects in double-wall carbon 

nanotubes 
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Carbon nanotubes have attracted intense scientific interest due to their fascinating - 

essentially one dimensional - electronic and vibrational band structure, their unique 

mechanical properties as well as the prospect for numerous applications. In this 

work, the pressure response of double-wall carbon nanotubes (DWCNTs) prepared 

by the peapod conversion process [1] has been investigated using the Raman 

spectroscopic technique. The pressure dependence of the observed Raman bands in 

DWCNTs suggest that the existence of the outer tubes results in a screening of the 

applied pressure on the inner tubes, while the latter provide structural support against 

pressure induced deformation of the outer tubes compared to the single-wall carbon 

nanotubes (SWCNTs) [2]. Moreover, the irreversibility in the relative intensities of the 

radial and tangential peaks attributed to the outer shells upon pressure release 

reveals the existence of residual pressure-induced deformations, in analogy to those 

observed earlier in SWCNTs [2]. 

[1] S. Bandow, M. Takizawa, K. Hirahara, M. Yudasaka, and S. Iijima, Chem. Phys. 

Lett. 2001, 337, 48. 

[2] U. D. Venkateswaran, A. M. Rao, E. Richter, M. Menon, A. Rinzler, R. E. Smalley, 

and P. C. Eklund, Phys. Rev. B 1999, 59, 10928. 
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Raman scattering measurement of diamond anvil to 300 GPa: 

Pressure determination method in the multimegabar range
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With the recent advance of the material research under ultra-high pressure, 

extending to 300 GPa, new convenient method for the laboratory-based pressure

determination in the multi-megabars pressure region has been desired. At present, a 

strong candidate would be the first-order Raman mode of diamond anvils. Hanfland 

and Syassen[1] proposed the availability of the diamond anvil Raman measurement 

for pressure determination. They found that the high-frequency edge of the Raman

band came from the culet face and the edge frequency exhibited a linear pressure 

dependence. However, the pressure range of the proposed dependences is limited. 

For the application to pressure determination, problems of the accuracy and the

consistency among loading conditions still remain. 

In this study, the first-order Raman spectra of diamond anvils used in a 

gasketed high-pressure cell have been measured at pressure up to 300 GPa. The 

high-frequency edge of the Raman 

band, which corresponds to the 

Raman shift of the culet face, is 

represented by a function of pressure 

in the sample chamber up to 300 GPa 

(shown in Figure). The dependence is

almost independent on loading 

conditions. The application of the 

pressure dependence for pressure 

determination up to the multi- 

megabars pressure region is

proposed [2]. 
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[1] M. Hanfland & K. Syassen, J. Appl. Phys. 57(1985)2752.

[2] Y. Akahama & H. Kawamura, J. Appl. Phys. 96(2004)3748.
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Calibration of pressure sensors for high pressures and temperatures 

Alexander F. Goncharov 

Lawrence Livermore National Laboratory, 7000 East Avenue, Livermore, CA, 94551 

The results of three sets of optical and x-ray diffraction experiments with a diamond anvil 

cell (DAC) are presented: externally heated DAC with a variety of pressure gauges (
12

C,

cBN,  Sm:YAG, and SrB4O7:Sm
2+

, Au) to 95 GPa and 900 K, laser and internally heated 

DAC in cBN to 40 GPa and 1900 K, and silica (including nano-materials) to 30 GPa at 

295 K. 

We have extended the room-temperature calibration of Sm:YAG in a quasi-

hydrostatic regime up to 100 GPa. The ruby scale is found to systematically 

underestimate pressure at high pressures and temperatures compared with all the other 

sensors. On this basis, we propose an alternative high-temperature ruby pressure scale 

that is valid to at least 100 GPa and 850 K.

Raman spectroscopy in the diamond anvil cell (DAC) has been used to determine the 

pressure dependence of the zone-center transverse optical phonon at high temperatures. 

First-principles theoretical calculations of the phonon frequency and of the equation of 

state were performed within the local density (LDA) and quasi-harmonic approximations 

to 80 GPa and 2000 K. Alumina and argon were employed as pressure media. Phonon 

frequencies were measured up to 1700 K to 40 GPa and 2300 K to 26 GPa.  We find that 

the measured temperature dependence of the phonon frequency becomes less pronounced 

under pressure, as predicted by calculations performed on the basis of the Debye-

Grüneisen model. On the basis of our data we derive a high temperature pressure scale 

for cBN.

Raman spectra of compressed silica show an irreversible change of frequency, which 

depends on the maximum pressure attained. This information provides local pressure 

history at high resolution (<1 micron) and over a broad range of pressure (3 – 30 GPa), 

which is important for a number of applications (e.g., shock waves). We have calibrated 

this shift for bulk and nanomaterials to 30 GPa.   

     I thank the following individuals for the fruitful collaboration: E. Gregoryanz 

(Geophysical Laboratory CIW), J. Crowhurst, J. Zaug, J. Stolken, B. Reed, M. Kumar 

(all LLNL), J. K. Dewhurst, S. Sharma (both Institut für Physik, Gratz, Austria). We 

thank D. Häusermann and M. Somayazulu for technical help. Use of the HPCAT facility 

was supported by DOE-BES, DOE-NNSA (CDAC), NSF, DOD –TACOM, and the 

W.M. Keck Foundation. Use of the Advanced Photon Source was supported by the U. S. 

Department of Energy, Office of Science, Office of Basic Energy Sciences, under 

Contract No. W-31-109-Eng-38. This work was performed under the auspices of the U. 

S. Department of Energy by the University of California, Lawrence Livermore National 

Laboratory under Contract No. W-7405-Eng-48 and is supported by the LLNL (LDRD-

05-ERD-009 and LDRD-04-ERD-064). 
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The pressure sensor systems in optical cells below 2 GPa.
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b, Laboratoire de Sciences de la Terre, UMR5570, CNRS-ENS Lyon-Université Lyon 1, 46 Allée d'Italie, 69364 LYON cedex 07;
c, Laboratoire de Physique des Milieux Condensés, Université Pierre et Marie Curie, 4 place Jussieu, 75005 Paris cedex; 
d, Laboratoire de Genie des Procédés Alimentaires & Biotechnologiques, ENSBANA, 1 Esplanade Erasme, 21000 Dijon

High pressure optical cells have first been devoted to high and very high

pressure studies. But in the last ten years, both diamond and sapphire anvils cells

have also been used in the moderate pressure range below 1 GPa in many research

fields such as biology, chemistry, pharmacology, Earth sciences, and food

processing. In these different fields where a ,combination of both temperature and

pressure constraints is common, the pressure calibrant which may be used by every

one is still to be found. Present studies are made using various pressure sensors

depending on the experimental constraints. This paper presents a rapid review of the

different techniques commonly used in the moderate pressure range below 1 GPa.

Two main classes of pressure sensors can be distinguished: organic or inorganic.

The class of organic sensors is commonly used in life sciences because it

provides a relatively good accuracy on pressure measurements. Furthermore, their

rapid response to pressure changes allow in situ kinetic measurements. Sensors can

be proteins or other organic chromosphores. Unfortunately, these sensors cannot be

used at very low temperature or at high temperature. In general their use must be

devoted to studies where water is in its liquid state. Three common organic sensors

are presented in Table 1. 

The inorganic pressure sensors commonly used at moderate pressure are

ruby,  diamond, and quartz. Ruby is the worst because its pressure dependance is

very weak and it cannot be used in many liquid samples since Cr3+ diffuses in the

liquid. Diamond and quartz are inert and can be used in a very large temperature

range for any kind of samples. The accuracy of these sensors is quite low (around 50

MPa) and the response to pressure variations is too slow for biologic studies.

CALIBRANT Ruby Diamond Quartz Photosynthetic bacteria Green Fluorescent Protein

Spectroscopy Visible Raman Infrared Fluorescence Fluorescence

Pressure shift Very low Low Moderate High High

Temperature range Low to moderate Low to High Low to High Moderate Moderate

Response to excitation Slow Slow Slow Rapid Rapid

Table I: Principal characteristics of the common pressure sensors used beow 1 GPa in optical cells
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under high pressure: the possible pressure calibrator

J. G. Zhaoa, L. X. Yanga, Y. Yua, Z. X. Baoa, J. Liub, C. Q. Jina

 a:Institute of Physics, Chinese Academy of Sciences, Beijing 100080, P. R. China

   b: Institute of High Energy Physics, Chinese Academy of Sciences, Beijing

100039, P. R. China.

Copper nitride Cu3N crystallizes into anti-ReO3 type structure of space group 

Pm3m. At ambient pressure and temperature, Cu3N is a cubic without distortion. Six 

Cu atoms form an octahedron around one N atom, while two octahedrons connecting 

each other through their vertex atom of Cu, forming a 3-dimensional crystal lattice.

Comparing with the normal ABO3 type perovskite, there is no any atom at the A-site

in the lattice of Cu3N, which will enable rotations of these NCu6 octahedrons. So the 

Cu3N can be relatively easy to compress. We conducted in situ high-pressure x-ray

energy dispersive diffraction experiment on Cu3N using DAC technique with

synchrotron radiation to study the series of phase transition. Also we did the in situ

measurements of resistance versus pressure to see the conductivity evolution. Crystal

structure transformations were observed in Cu3N in the pressure range up to 39.2 GPa. 

We found a sharp drop of resistance with applied load an indication a pressure 

induced metallization which may be adopted as a pressure calibration[1].
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