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On behalf of the local organising committee, we would like to welcome you to Glasgow for 

the 16th European Conference on Solid State Chemistry.  Together with the International 

Advisory Board, we have assembled a program of talks that show the range and excellence 

of research in the Solid State from across Europe.  We are delighted that C.N.R Rao is able 

to attend the meeting and he will get the conference underway with his keynote lecture.  The 

scientific program of the conference is all contained in the Technology and Innovation Centre 

at the University of Strathclyde and all lectures, exhibitors and poster sessions are taking 

place there. 

 

Glasgow has been strongly supportive of this conference and The City of Glasgow is 

pleased to welcome all delegates and accompanying persons at a Civic Reception in the 

Glasgow City Chambers on Monday evening.  We have also arranged for the conference 

dinner to take place at the Kelvingrove Museum, which hosts a great collection of art, 

artefacts and curiosities that illustrate the history and culture of Glasgow and Scotland.  

Entrance to the Kelvingrove and all public museums in Scotland is free and if you have time 

then a visit to the buildings and museums of Glasgow University is highly recommended.  

These including the house of architect and designer Charles Rennie Mackintosh, the 

Hunterian Museum as well as the buildings that accommodated Lord Kelvin and hosted a 

dinner party where the Nobel prize winning idea of isotopes first occurred to Frederick 

Soddy. 

 

Progress depends on collaboration and the exchange of scientific knowledge and ideas.  

Glasgow and Scotland have a proud history of intellectual discovery and invention, and the 

ideas from the Scottish Enlightenment travelled around the world.  I am sure that Glasgow 

will give a warm welcome to you all and show that the spirit of open collaboration across 

national borders can continue to thrive in our times. 

 

Welcome to Glasgow. 

Dr Eddie Cussen and Dr Serena Corr 

  



 
INTERNATIONAL ADVISORY BOARD 

Antoine Maignan (Lab. CRISMAT, Caen, France) Chair  

Sylvie Begin-Collin (Univ. Strassbourg, France)  

Evgeny V. Antipov (Moscow State Univ. Russia)  

José M. Gonzales-Calbet (Univ. Complutense, Madrid, Spain)  

Helmer Fjellvag (Univ. Oslo, Norway)  

Sven Lidin (Univ. Lund, Sweden)  

Jürg Hulliger (Univ. Bern, Switzerland)  

Matthew Rosseinsky (Univ. Liverpool, UK)  

Tony West (Univ. Sheffield, UK)  

Martin Jansen (Max Planck Inst. Stuttgart, Germany)  

Wolfgang Schnick (LMU Muenchen, Germany)  

Staf van Tendeloo (Univ. Antwerp, Belgium)  

Edmund Cussen (Strathclyde Univ. Glasgow, UK) 

 

LOCAL ORGANISING COMMITTEE 

Edmund Cussen (University of Strathclyde) 

Serena Corr (University of Glasgow) 

Donna Arnold (University of Kent) 

Leonard Berlouis (University of Strathclyde) 

Jan-Willem Bos (Heriot-Watt University) 

Sian Dutton (University of Cambridge) 

Alexey Ganin (University of Glasgow) 

Abbie Mclaughlin (University of Aberdeen) 

Finlay Morrison (University of St Andrews) 

Pooja Panchmatia (Loughborough University) 

  



 

 

GOLD SPONSORS 

 

    

 

 

    
 

 

  

 

 

 

    
 

 



 

 

SILVER SPONSORS 

   

 

 

   

  



 

 

  



 

Lunch is not provided at the conference venue, but below is a map of the nearby area with 

some suggestions. 

 

 



 



 



 



 



 



 



 

 

Poster dimensions: Posters should be in A0 dimensions (841x1189 mm, width x height). The poster board 

sizes are 910 x 2130 mm, width x height. Poster boards will be numbered. Please check the number assigned 

to you below (note: M and T designate Monday and Tuesday, respectively). 

 

Poster session venue: The poster sessions will take place on Monday July 24th and Tuesday July 25th from 

4pm until 5.30pm in the Technology Innovation Centre at the University of Strathclyde. The poster concourse 

will be well signposted when you arrive. You will be supplied with materials to adhere your poster to the Velcro 

boards.  

 

Poster prizes: We are delighted to announce that there will be two poster awards, sponsored by the Royal 

Society of Chemistry: the Materials Horizons Poster prize, comprising a certificate and a £150 RSC book 

voucher and a Journal of Materials Chemistry C Poster prize comprising a certificate and a free 1-year personal 

subscription to that journal. 

 

 

 

 

 

 

 

  



 

 

Poster session, Monday July 24th, 4pm-5.30pm 

(Poster boards will be available from 1pm, Monday 24th July. To aid the poster judges, please make sure 

your poster is on display before 4pm. Please remove your poster by 6pm on Monday July 24th.) 

 
Board Poster presenter Institution Poster title 
M1 B. Vineela Indian Institute of Technology 

Madras 
Synthesis and characterization of  
Na2W3TeO12·2H2O, (NH4)2W3TeO12, 
Tl2W3TeO12 and A2W3SeO12 (A = Cs, Rb 
& Tl) 

M2 G. Behrendt University of Rostock, 
Germany 

Two routes to new anhydrous alkaline 
earth metal tetracyanidoborate salts 

M3 D. Xu University of Oxford, UK  Synthesis and Magnetic Properties of 
CeMn2-xCoxGe4O12 and ZrMn2-

xCoxGe4O12 
M4 C. Maak University of Munich, 

Germany 
Y26Ba6[Si22O19N36]O16:Eu2+ - An Orange-
Red Emitting Oxonitridosilicate Oxide 
with a Unique Layered Structure 

M5 W. Grunwald Universität Bonn, Germany New europium phosphates and 
equilibrium relations in the ternary 
system Eu/P/O 

M6 A. J. Browne University of Edinburgh, UK Structural distortions from orbital 
molecule ordering in a new vanadium 
spinel 

M7 C. I. Thomas Aalto University, Finland Tailoring the interlayer environment of 
titanoniobates using primary alcohols 

M8 W. Assenmacher Universität Bonn, Germany InGaO3(ZnO)0.5: Synthesis, Structure and 
Cation Distribution 

M9 J. Page University of Oxford, UK Sr2FeIrO4: Ir2+ in an Extended Oxide 
Phase 

M10 V. A. Butin Syktyvkar State University, 
Russia 

Exchange Interactions and State of Iron 
Atoms in the Bi5Nb3–3xFe3xO15–δ Solid 
Solutions 

M11 X. Vendrell University of Sheffield, UK Electronic conductivity and Joule heating 
effect in Yttria-Stabilized Zirconia under a 
small dc bias 

M12 L. Mestres Universitat de Barcelona, 
Spain 

Influence of donor dopants on the 
structural and functional properties of 
(Bi0.5Na0.5)TiO3-BaTiO3 ceramics  

M13 T. Szmechtyk Łódź University of 
Technology, Poland 

Novel Biocompatible PDMS/PET Satin 
Composite for Transversal Pneumatic 
Artificial Muscles 

M14 E. Cerdeiras Universitat de Barcelona, 
Spain 

Investigation on the structural and 
functional properties of (Bi0.5Na0.5)TiO3-

xBaTiO3 based ceramics around the 
morphotropic phase boundary  

M15 K. Lawson Loughborough University, UK Development of nickel hydroxide 
materials for electrochromic applications 



M16 I. Nemec Charles University, Czech 
Republic 

Hydrogen-bonded molecular crystals for 
nonlinear optics – study of temperature-
induced phase transformations 

M17 W. V. Fernandes Universidade Federal da 
Paraiba, Brazil 

Influence of alternative fuel minor 
constituents on clinker phase distribution 

M18 S. Greiner University of Stuttgart, 
Germany 

Sc2[SeO3]3 and its Derivatives 
 

M19 K. Wittich Universität Bonn, Germany Multinary tungsten phosphates (MyPxW1-

x-y)O2.5+ with average structures related 
to cubic or tetragonal WO3 

M20 A. Jiamprasertboon Suranaree University of 
Technology, Thailand 

Structure-Property Relationships in M-
doped In2TeO6 (M = Ga, Bi, La)  

M21 P. S. Berdonosov Lomonosov Moscow State 
University, Russia 

Iron (III) Selenite Fe2O(SeO3)2: 
preparation and magnetic characteristics 

M22 O. Boytsova Aston University, UK In-situ study of transformation processes 
of NH4TiOF3 hybrid mesocrystals into 
TiO2-based nanostructures  

M23 H. Gaiser Karlsruhe Institute of 
Technology, Germany 

Highly Crystalline YAG:Ce 
Nanophosphor via NaCl-Matrix Post-
Treatment 

M24 H. Beltrán-Mir Universitat Jaume I, Spain Defect chemistry of Eu(III)-doped BaTiO3 
M25 Y. Tang University of Oxford, UK Crystal Structures and Magnetic 

Properties of Two Iron-containing 
Perovskites 

M26 A. Wolff Technische Universität 
Dresden, Germany 

Low-Temperature Synthesis of 
Polycrystalline Copper Phosphides in 
Molten Organic Salts  

M27 J. Hodkinson University of Cambridge, UK Conduction Pathways in Alkali 
Lanthanide Pyrosilicates, A3LnSi2O7  
 

M28 J. Teichert Technische Universität 

Dresden, Germany 
Tracing the polyol reduction of Cu2+ with 
X-ray diffraction, infrared spectroscopy 
and electron microscopy 

M29 L. Daniels University of Liverpool, UK New n-Type Thermoelectric Oxides with 
the Perovskite Structure 

M30 L. A. Perez-
Maqueda 

Universidad de Sevilla, Spain Solid-State Reactions in Natural 
Carbonates for High-Temperature 
Thermochemical Energy Storage in 
Concentrated Solar Power Plants 

M31 G. Perversi University of Edinburgh, UK Unconventional magnetic order in 
GeFe2O4 

M32 P. Gross University of Augsburg, 
Germany 

From columns to layers: Tailoring the 
crystal structure topology of alkaline 
earth isocyanurate-hydrates by tuning 
stoichiometry and pH. 

M33 N. Kannengießer Universität Bonn, Germany Analysis of ligand-field effects in 
samarium(III) oxo-compounds 

M34 R. M. Smith University of St. Andrews, UK Quantum Critical Points in Ferroelectric 
Tetragonal Tungsten Bronze and 
Pyrochlore 

M35 B. Serment ICMCB-CNRS-University of 
Bordeaux, France 

The versatile Co2+/Co3+ oxidation states 
in Cobalt Alumina spinel used as 
pigments 

M36 J. Stahl Ludwig-Maximilians-
Universität München, 
Germany 

Control over tetrahedra connectivity by 
dilution of the solvent in solvothermal 
synthesis 

M37 P. Slater University of Birmingham, UK Investigation into the accommodation of 
borate species in the channel sites in 
apatite materials 



M38 S. Wolf Karlsruhe Institute of 
Technology, Germany 

Synthesis of Metal Carbonyl Clusters in 
Ionic Liquids 

M39 C.-M. Chin University of Oxford, UK Relaxor Ferromagnetism in Ni-based 
Perovskites 

M40 V. K Srirambhatla University of Strathclyde, UK Template Induced Crystallisation of 
Computationally Predicted Polymorphs 

M41 M. Mangir Murshed Universität Bremen, Germany Synthesis and characterizations of 
H2W2O7·nH2O layered tungstates  
hosting hydrogen storage and conduction 

M42 J. Gardner University of St. Andrews, UK A-site cation size effect in ferroelectric 
tetragonal tungsten bronzes 

M43 F. J. García García Universidad Complutense de 
Madrid, Spain 

La1.2Sr2.7RuO7: an Old Friend Revisited 
by HREM 

M44 J. Kusz Uniwersytet Śląski, Poland Crystal structures of 1,4-di(1-alkyl-1,2,3-
triazol-5-yl)butane based iron(II) spin 
crossover coordination polymers 

M45 K. Ji University of Edinburgh, UK Doping studies of (CuCl)LaNb2O7 
M46 A·R. Landa-

Cánovas 
Instituto de Ciencia de 
Materiales de Madrid, CSIC, 
Spain 

Phase Transition and Short-Range Order 
in Sb-doped VO2 

M47 B. Leclercq Université Lille1, France Low-Dimensional Ferromagnetic Units 
towards Valuable Magneto-Electrics 

M48 N. Masó University of Oslo, Norway Insights into the defect chemistry of 
BiFeO3 

M49 R. Morrow Leibniz Institute for Solid 
State and Materials Research 
Dresden, Germany 

Growth, Structure, and Properties of 
La2BIrO6 (B = Mn, Fe, Co, Ni, Mg, and 
Zn) Double Perovskite Single Crystals 

M50 E. Pachoud University of Edinburgh, UK Charge order and negative thermal 
expansion in vanadium oxyphosphate 

M51 T. Buttlar Martin Luther University 
Halle-Wittenberg, Germany 

Magnetoelectric Ni/BaTiO3 Composites 

 
M52 S. J Cassidy University of Oxford, UK Discovery and Magnetic Structure of 

Sr2Fe3Se2O3 
M53 Th. M. Gesing Universität Bremen, Germany Phase evolution of (Bi1-xFex)FeO3: A 

temperature-dependent neutron time-of-
flight  powder diffraction and light 
inelastic scattering study 

M54 K. H. Hong University of Edinburgh, UK Synthesis, crystal structure and magnetic 
properties of MnFe3O5 

M55 A.Dziemidkiewicz Łódź University of 
Technology, Poland 

Metal complexes as new cross-linking 
agents for polychloroprene rubber 

M56 T. Siritanon Suranaree University of 
Technology, Thailand 
 

Electrical conduction in Cs(Al,Te)2O6 
mixed valence pyrochlores: the roles of 
Cs 

 

Poster session, Tuesday July 25th, 4pm-5.30pm 

(Poster boards will be available from 1pm, Tuesday 25th July. To aid the poster judges, please make sure 

your poster is on display before 4pm) 

 
Board Poster presenter Institution Poster title 
T1 D. I. Nasonova Lomonosov Moscow State 

University, Russia 
Unsubstituted tetrahedrite Cu12Sb4S13: 
low-temperature phase transition, 



crystal structure and thermoelectric 
properties 

T2 S. L. Kunz Universität Bonn, Germany Topotactically controlled reduction of 
VOPO4 and related phosphates 

T3 V. Frizon ICMCB-CNRS-University of 
Bordeaux, France 

Exploration of the CeO2-ZrO2-PrOx 
phase diagram:  
investigation of the oxygen mobility 
assisted by redox properties 

T4 A. M. Arévalo-
López 

University of Edinburgh, UK Magnetic frustration, cation disorder 
and spin reorientation in the high-
pressure Ni3TeO6-type Mn2InSbO6 

T5 T. Wágner University of Pardubice, Czech 
Republic 

Chalcogenide films with ionic 
conductivity for nanoscale memories 

T6  N. Hasanli University of Oxford, UK Topochemical reduction of rhenium 
based double perovskites 

T7 E. A. Timofeyeva Samara University, Russia Geometrical-topological analysis of 
new potential silver solid-state 
electrolytes 

T8 M. Asaad Heriot Watt University, UK Thermoelectric Properties and High-
Temperature Stability of the Ti1-

xVxCoSb1-xSnx Half Heusler Alloys 
T9 A. Pogu Indian Institute of Technology 

Madras 
Syntheses and Characterization of 
Three New Quaternary A2CdSn2S6 (A 
= K, Rb and Cs) Sulfides 

T10 E. A. Berdonosova Lomonosov Moscow State 
University, Russia 

The hydrogen interaction with 
nanocrystalline intermetallic 
compounds based on TiFe 

T11 A. Karbstein Universität Bonn, Germany Topotactically controlled oxidative de-
intercalation of silver-chromium 
and silver-indium phosphates 

T12 M. Fabián Slovak Academy of Sciences, 
Slovak Republic 

Electrochemical properties of Li4Ti5O12 
prepared via low-temperature solid 
state reaction assisted by mechanical 
milling 

T13 T. Szmechtyk Łódź University of Technology, 
Poland 

Polythiourethane microcapsules as 
new solution for isocyanate-based 
self-healing systems 

T14 A. Zeugner Technische Universität 
Dresden, Germany 

BixTeI (x = 1, 2, 3) Family: Modular 
Design of Topological Insulators  

T15 E. R. Aluri University of Glasgow, UK Magnetic nanocomposite materials for 
the archeological waterlogged wood 
conservation 

T16 K. Itoh Okayama University, Japan 
 

Mechanochemical synthesis of 
amorphous phosphorus tellurides and 
their short-range structure 

T17 E.S. Kuznetsova Lomonosov Moscow State 
University, Russia 
 

Synthesis, structure and magnetic 
properties of francisite family of 
compounds Cu3M(SeO3)2O2Cl 
(M = Y, La, Pr, Nd, Sm, Eu, Gd, Tb, 
Dy, Ho, Er, Tm, Yb, Lu)  

T18 C. H. Kim Korea Research Institute of 
Chemical Technology, Korea 

Synthesis and Characterization of 
K2SiF6:Mn4+ Phosphors Using K2MnF6 

for White LED 
T19 L. Jin University of Oxford, UK Topochemical Reduction of n = 1 

Ruddlesden-Popper Ruthenium-
Containing Oxides 

T20 D. Rudolph University of Stuttgart, Germany Hydride Halides of Divalent Europium: 
Structure and Luminescence 



T21 D. Himics University of Pardubice, Czech 
Republic 

Dependence of upconversion emission 
intensity on Er3+ concentration in 
Ho3+/Er3+ co-doped (GeS2)90(Ga2S3)10 
chalcogenide glasses 

T22 M. Mazur University of St Andrews, UK ADOR synthesis realized by use of the 
hydrostatic pressure  

T23 V. Baran Technical University of Munich, 
Germany 

Temperature dependent crystal 
structure changes inside Lithium-ion 
batteries via neutron powder diffraction 

T24 X. Xu University of Oxford, UK Synthesis and Characterisation of New 
Layered Oxypnictide 
Ba2CrO2Cr2As2 

T25 A. Yamamoto Shibaura Institute of 
Technology, Japan 

High-pressure synthesis of A-Pt-O 
system (A=Ca, Cd, Hg) 

T26 H. Zhang Queen Mary University of 
London, UK 

New dielectric ceramics for energy 
storage  

T27 A. Dziemidkiewicz Łódź University of Technology, 
Poland 

Influence of fillers on the activity of 
new chloroprene rubber cross-linking 
systems 

T28 Q. L. Liu  

 
University of Science and 
Technology Beijing, China 
 

Crystal structures and luminescent 
properties of Eu2+-doped  
Sr(LiAl)1-xMg2xAl2N4 and Sr(LiAl3)1-

y(Mg3Si)yN4 for white-light pcLEDs  
T29 P. Slater University of Birmingham, UK Topochemical modifications of mixed 

metal oxide compounds by low 
temperature fluorination routes 

T30 W. R. Brant Uppsala University, Sweden Following Phase Distributions in 
Operating Lithium Ion Battery 
Electrodes 

T31 M. Amores University of Glasgow, UK Microwave-assisted synthesis and 
lithium-ion diffusion studies of doped 
solid-state electrolytes 

T32 A. Götze University of Leipzig, Germany Reaction pathways of the 
hydrogenation of MPd3 and crystal 
structures of their hydrides 

T33 S. S. Fedotov Lomonosov Moscow State 
University, Russia 

Synthesis, crystal structure and 
electrochemical properties of KVPO4X 
(X = O, F) cathode materials for K-ion 
batteries 

T34 S. R. Popuri Heriot-Watt University, UK Understanding the thermoelectric 
performance of SnSe: a structure-
property relationship study 

T35 P. Gross University of Augsburg, 
Germany 

Synthesis and Characterisation of the 
First Biuretoborate (NH4)[B(biu)2] and 
of Biuret 

T36 C. Fraunhofer Leipzig University, Germany Influence of substitution and thermal 
treatment on superstructures in copper 
iron chalcogenides 

T37 Z. N. Taylor University of Liverpool, UK New rock salt oxides as Li ion battery 
cathodes 

T38 D. Eklöf Stockholm University, Sweden New and old findings of thermoelectric 
ZnSb 

T39 W. P. Clark University of Stuttgart, Germany Novel High-pressure Polymorph of 
NiAs-Type FeN 

T40 J. N. Blandy University of Oxford, UK Soft Chemical Control of Layered 
Oxychalcogenides 

T41 J. Kusz Uniwersytet Śląski, Poland “Double” spin crossover in iron(II) two 
dimensional coordination polymer 



T42 A. N. Kuznetsov Russian Academy of Sciences, 
Russia 

From Intermetallics to Low-
Dimensional Compounds: Ni3M 
Phases and Derivative Structures (M = 
group 13 metal) 

T43 S. R. Yeandel Loughborough University, UK Lithium Diffusion in Complex 
Phosphidosilicate Materials  

T44 M.S. Likhanov Lomonosov Moscow State 
University, Russia 
 

FeGa3-based solid solutions: the 
peculiarities of the local crystal 
structure and thermoelectric properties 

T45 P. D. C. Dietzel University of Bergen, Norway An in-depth in-situ structural study of 
the CO2 adsorption process in the 
CPO-27 series 

T46 D. O. Ojwang Stockholm University, Sweden Adsorption properties of CO2 in copper 
hexacyanoferrate 

T47 C. Oliver Duran University of the Balearic 
Islands, Spain 

SBA-15 mesoporous silica as a solid 
phase extraction sorbent for parabens 

T48 R. Nedumkandathil Stockholm University, Sweden Hydride Reduction of BaTiO3 – 
Oxyhydride vs O-Vacancy Formation  

T49 W. L. Schmidt University of Sheffield, UK Bulk Preparation and Characterization 
of Perovskite Halides 

T50 T. Rackl Ludwig-Maximilians-Universität 
München, Germany 

The effect of A-site-substitution in 
superconducting MAX-Phases 

T51 T. S. Attari Durham University, UK Synthesis and structural 
characterisation of lithium-rich anti-
perovskites using X-ray diffraction and 
solid-state NMR  

T52 V. Karabyn University of Pardubice, Czech 
Republic 

Phase transformation induced in 
Ge8Sb2-xBixTe11 thin films by single 
femtosecond pulses 

T53 D. A. Ferluccio Heriot-Watt University, UK Solid-State Synthesis and 
Thermoelectric Properties of NbCoSn-
based half-Heusler Compounds 

T54 V. Yu. Verchenko Lomonosov Moscow State 
University, Russia 

New polar Re-Ga-Zn intermetallics: 
tuning the electron count through the 
Ga/Zn joint melt 

T55 K. Wissel Technische Universität 
Darmstadt, Germany 

Topochemical defluorination of 
Sr2TiO3F2 in the context of fluoride-ion 
batteries 

T56 B. Zhang University of Pardubice, Czech 
Republic 

Investigation of the resistive switching 
in AgxAsS2 layer by conductive AFM 

T57 M. Weber Universität Bonn, Germany Solid solutions MOPO4 – M’OPO4 
T58 Z. Wang University College London, UK First-principles insights into lead-free 

layered halide perovskites for 
photovoltaics 

T59 S. Suthirakun Suranaree University of 
Technology, Thailand 

Effects of Sn-doping on Behavior of Li-
intercalation in V2O5 Cathode 
Materials of Li-ion Batteries: A 
Computational Modeling 

 

  



 

 

 

 

Abstracts are listed in order of appearance on the timetable. 

  



Recent developments in 2D inorganic analogues of graphenes  
 

Plenary contribution 
 

C. N. R. Rao1 

 
1Jawaharlal Nehru Centre for Advanced Scientific Research, Jakkur P.O., Bangalore 560 064 

  India 
 

Email: cnrrao@jncasr.ac.in 
 
Professor C. N. R. Rao, F.R.S. is one of the leading physical scientists in the world and has authored 
over 1700 papers and 45 books.  He has made a groundbreaking contribution to our understanding 
of electronic behaviour in low dimensional systems by studying prototypical phases, such as the 
layered cuprates.  His ideas of metal/insulator transition behaviour led to great insight into the 
colossal magnetoresistance exhibited by the magnetoresistive manganates.  He has developed this 
understanding to show how the reduced dimensionality of nanotubes and graphene-like materials 
can be tailored to adjust and exploit their physical properties.  In 2009 the Royal Society awarded 
him the great honour of the Royal Medal for “the greatest contribution to the advancement of Natural 
Science” and in 2014 he became only the third scientist to receive the Bharat Ratna, the highest 
civilian award in India. We are delighted to host him for a plenary lecture at this meeting. 
 
  



Advanced X-ray and neutron techniques as key characterisation tools for multiferroic 
research 

 
Keynote contribution 

 
Laurent Chapon1 

 
1Diamond Light Source, UK 

 
Email: laurent.chapon@diamond.ac.uk 

 
Short biography: 
2000 - PhD University of Montpellier France 
2001 – Post-doc, Materials Science Division, Argonne National Lab., USA.  
2002 - Post-doc, Hahn-Meitner Institute, Berlin, Germany 
2002 – Instrument Scientist, crystallography and Engineering group, ISIS Facility, UK 
2008 – Group Leader, Crystallography and Engineering Group, ISIS Facility, UK 

Individual Merit Fellow, ISIS Facility, UK  
2011 – Senior Fellow, Institut Laue-Langevin, France,  

Group Leader Diffraction (2013-2016) 
2016 – Director of Physical Sciences, Diamond Light Source, UK  
Visiting Professor Condensed Matter Physics Department, Oxford University.  
 _______________________________________________ 
 
Trained as a materials scientist, I have worked at the interface between condensed matter physics 
and materials science, first on thermoelectrics during my PhD, exploring what was then a new class 
of compounds, named “filled skutterudites”. I worked on molecule-based magnets during my post-
doc before directing my research towards the magnetic properties of transition metal oxides, with a 
current interest in multiferroic research, frustrated magnetism, and iridates. I employ mainly 
scattering methods (X-ray, neutron) for my research.  
 
Having been employed at large scale facilities throughout my career, I have spent a considerable 
amount of time to develop instrumentation and techniques, building the WISH diffractometer at the 
second target station at ISIS, and supervising many other projects at ISIS and ILL. I am closely linked 
to several initiatives in data analysis: I co-founded the Mantid project at ISIS, the NSXtool framework 
at ILL and other projects for the analysis of X-ray magnetic scattering.  
  



The influence of non-stoichiometry and chemical doping on the electrical properties of 
ferroelectric Na1/2Bi1/2TiO3 

 
Invited contribution 

 
Derek Sinclair1 

 
1University of Sheffield, UK 

Email: d.c.sinclair@sheffield.ac.uk 
 
Abstract: Here we review the structure-composition-property relationships of the ferroelectric 
perovskite Na1/2Bi1/2TiO3 (NBT) based on a combination of A-site non-stoichiometry and chemical 
doping. We use results from a combination of X-ray, Neutron and Electron Diffraction, Impedance 
Spectroscopy (IS), O18 Time-of-Flight Secondary Ion Mass Spectrometry (ToF SIMS) and oxygen 
concentration cell (electromotive force, emf) measurements to show nominally Na-rich or Bi-deficient 
NBT to be excellent oxide-ion conductors with oxide-ion transfer numbers (tion) exceeding ~ 0.9 at 
600 oC whereas nominally Na-deficient or Bi-excess NBT are electrically insulating but retain tion ~ 
0.1 at 600 oC. Chemical doping with acceptors such as Sr for Bi or Mg for Ti can significantly increase 
the oxide ion conductivity in NBT with tion approaching unity to promote solid electrolyte behaviour 
whereas Nb-doping for Ti can suppress the oxygen vacancy concentration and oxide-ion conductivity 
such that excellent dielectric behaviour can be obtained with tan < 0.02 at 600 oC. Such behaviour 
is desirable for NBT-based dielectric applications, eg as Pb-free piezoelectrics and/or as a solid 
solution member in temperature stable, high permittivity multilayer ceramic capacitors (MLCCs) 
operating at > 175 oC.  
 
 
Derek C. Sinclair is Professor of Materials Chemistry at Materials Science & Engineering at the 
University of Sheffield. He has been involved in the synthesis and characterisation of functional 
materials and devices for > 25 years and has a strong track record elucidating structure-property 
relationships in a variety of material types with particular expertise in chemical doping to manipulate 
defect chemistry and conduction mechanisms of perovskite-based oxides for energy applications. 
The range of functionality studied spans from polar dielectrics, n-type thermoelectrics to mixed 
electronic/ionic conductors and solid electrolytes, including a new family of electrolytes based on 
Na1/2Bi1/2 TiO3. He has co-authored with Julian Dean and John Harding new approaches to simulate 
Impedance Spectroscopy data using finite element modelling of heterogeneous electrical 
microstructures created by grain size/shape distribution and grain core-shell effects. He works with 
Industry, for example a Knowledge Transfer Project with AVX Ltd (Coleraine, NI) led to a new range 
of BaTiO3-based X8R Multi-layer ceramic capacitors. He is an Editor for the Journal of the Asian 
Ceramic Societies (JAsCerS) for the Ceramic Societies of Japan and Korea.  
  



Ordered Aeschynite-type Polar Oxides: A New Family of Multiferroics 
 

Oral contribution 
 

 Somnath Ghara,1 Emmanuelle Suard,2 Fauth Francois3, T. Thao Tran,4  P. Shiv Halasyamani,4 
Akira Iyo5, J. Rodríguez-Carvajal,2 and A. Sundaresan1, 

 

1Chemistry and Physics of Materials Unit and International Centre for Materials Science,  
Jawaharlal Nehru Centre for Advanced Scientific Research, Jakkur., Bangalore 560 064, India. 
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We report the discovery of magnetoelectric multiferroicity in a family of oxides, RFeWO6 (R = Dy, 
Eu, Tb and Y) that crystallize in a polar aeschynite-type structure (Pna21) with an ordered 
arrangement of Fe3+ and W6+ ions. Magnetization and analysis of neutron diffraction data of 
DyFeWO6 reveal a commensurate non-collinear antiferromagnetic ordering of Fe3+ spins (  ~ 18 
K), which induce Dy-spins to order at the same temperature. A sudden change in electric polarization 
(P) appears in all the compounds at the  = 15 - 18 K. The electric polarization is sensitive to 
applied magnetic field and the coupling between different magnetic R-ion and Fe-ion moments 
suppress the polarization to a different extent. While the measured polarization in polycrystalline 
DyFeWO6 at 3.5 K is about 3 µC/m2, the calculated value of resultant ionic polarization of the form 
(px, 0, pz) is 75560 µC/m2 where px comes from magnetic ordering and pz is associated with the polar 
structure. These findings open up an avenue to explore further new polar magnets with rare-
earth/transition metal ions in the ordered aeschynite-type structure.  
 

 
 
 
 
 
 
 
 
 
 

   
 

 
 
 
 

 
 

Figure 1: Magnetic structure, magnetic and ferroelectric transition of DyFeWO6 
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Silicate-analogous materials comprise tetrahedral basic building units and thus provide host 
structures suited for luminescent applications. This contribution focusses on borosulphates, a novel 
class of silicate-analogous compounds. A few years ago we described the first crystalline members[1] 
and extended this quickly growing compound class with so far approx. twenty solid-state 
compounds,[2-5] recently resulting in the first alkaline-earth and rare-earth borosulphates Ba[B2S3O13] 
and Gd2[B2S6O24].[5] Basic structural features, their syntheses as well the first results of luminescent 
doped compounds will be presented and discussed with respect to other related materials like 
borophosphates and fluorooxoborates. In this context also initial results of the optical properties of 
the doped compounds Ba[B4O6F2]:Eu2+ and Gd2[B2S6O24]:Eu3+ will be discussed and insights in 
further transition-metal compounds will be given. 

 

Figure 1: Overview about the crystal structure of Gd2[B2S6O24] (a), the ring-silicate type anion in 
Gd2[B2S6O24] (b) (S yellow, O red, B green, Gd grey). 
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In recent years several alternative mechanisms that drive ferroelectricity have been 

discovered or postulated in contrast to the more conventional polar soft-phonon mode mechanism 
resulting in off-centring of an octahedral ‘d0 cation’ via the 2nd-order Jahn-Teller effect. These 
alternative mechanisms include so-called ‘geometric ferroelectricity’ (first proposed for hexagonal 
YMnO3

1 and later confirmed experimentally2) and ‘hybrid improper ferroelectricity (HIF),3 which 
requires coupling of two distinct non-polar modes to produce net polar symmetry. These 
mechanisms are both types of improper ferroelectricity, where the polar modes arise as a natural 
side-effect from strictly non-polar lattice modes. In the topological ferroelectric YMnO3 these modes 
generate a “one-up, two-down” displacement driving formation of a topologically protected domain 
structure.4, 5 We present the structural and electrical data on a novel improper topological 
ferroelectric, the hexagonal tungsten bronze CsNbW2O9. The hexagonal tungsten bronze structure 
consists of corner sharing BO6 octahedra forming hexagonal and trigonal channels, with Cs 
occupying the hexagonal channel. Similarly to YMnO3, a “one-up, two-down” displacement has been 
observed along the polar c-axis arising from a polyhedral tilting K3 mode. An additional tilting A3

+ 
mode has been observed below 358 K resulting in a doubling of the c-axis. Based on the crystal 
structure, CsNbW2O9 is expected to have a topologically protected domain structure. The theoretical 
predicted domain pattern is investigated using piezoresponse force microscopy. 
 

 
Figure 1: (a) Octahedral tilting at room temperature observed along the c-axis. Octahedra alternate 

“in” and “out” throughout the structure; (b) Refined normalised lattice parameters from 
powder neutron diffraction; (c) Dielectric (1 MHz) data indicating Tc ≈ 1103 K. 
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Not all crystals form atomic bonds in three dimensions. Layered crystals, for instance, are those that 
form strong chemical bonds in-plane but display weak out-of-plane bonding. This allows them to be 
exfoliated into so-called nanosheets, which can be micrometers wide but less than a nanometer 
thick. Such exfoliation leads to materials with extraordinary values of crystal surface area, in excess 
of 1000 square meters per gram. This can result in dramatically enhanced surface activity, leading 
to important applications in microelectronics, energy storage and harvesting, composites, etc. 
Another result of exfoliation is quantum confinement of electrons in two dimensions, transforming 
the electron band structure to yield new types of electronic and magnetic materials. Exfoliated 
materials also have a range of applications in composites as molecularly thin barriers or as 
reinforcing or conductive fillers. Liquid phase exfoliation has been proved to be a cheap, scalable 
method for the mass production of 2D sheets [1-4]. This talk will first discuss the galaxy of existent 
layered materials, with emphasis on synthesis, liquid-phase exfoliation, and characterization, to 
finish off with some key applications recently developed in our laboratories, ranging from energy 
storage to composites [5-7].    
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It is well known fact that various phase transitions in condensed matter can by triggered by external 
parameters such as temperature, pressure, electric field or magnetic field. Finding systems that show 
phase transitions triggered by external stimulation of light became a particular interesting field of 
research. 
Advanced nonlinear optical methods such as ultra-broad band pump-probe spectroscopy open new 
ways of controlling ultrafast dynamics in complex solid-state materials on unprecedented timescales. 
In quantum materials, finding new ways of manipulating the complex interplay of electronic phases 
or effectively tuning electronic interactions opens new avenues in controlling physical properties and 
designing new functionalities. I will show how we investigate different scenarios like the balancing 
between competing phases triggered by ultrashort light pulses or possibilities of dynamical 
stabilization of new states of matter in periodically driven light fields. In particular I will discuss the 
remarkable possibilities to induce superconductivity in high temperature cuprate superconductors by 
melting competing “stripe”-order1 or even promoting it to temperatures far above Tc; for some 
underdoped materials even up to room temperature for a few picoseconds2,3. Possible light-induced 
superconductivity in the doped fullerides K3C60

4 will serve as important example that inducing such 
intriguing effects is a more general effect and not restricted to the rather specialized class of cuprate 
systems. As a key aspects non-linear phononics of driven lattice displacements5 and effective local 
interaction modulation via local molecular vibrations6 are discussed, the latter allowing for a quantum 
modulation spectroscopy to expose specific couplings in complex systems7. As an outlook I will touch 
on experiments that allow us probing the coherent response of the order parameters and its possible 
couplings to the lattice structure8. 
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Local ordering of the atoms is frequently observed in intermetallic phases (IPs). It has some 

quite large influence on physical, chemical, and mechanical properties. Furthermore, it is responsible 
for the most challenging part of structure determination in IPs. In order to analyze structure-bonding-
property relationships a well performed structure analysis including local ordering of the atoms is 
crucial. Nuclear Magnetic Resonance (NMR) is a local probe, which is highly sensitive towards the 
local atomic environments and the bonding situation of the nuclei under investigation.1-4 A strategy 
for systematic structural investigations of IP is presented providing several examples (Figure). 
Usually diffraction techniques are used to determine the average crystal structure of the material. 
Based on this model the crystal structure is iteratively refined applying NMR and quantum 
mechanical (QM) calculations. In order to describe the varying local atomic arrangement the 
Bärnighausen formalism is used.5  

 

 
Figure 1: Triangle of methods for investigation of Intermetallics. 
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Inelastic neutron scattering (INS) is the only experimental technique that simultaneously probes ionic 
diffusion (as quasielastic neutron scattering, QENS) and lattice dynamics (as a generalised density 
of states, GDOS). In solid-state ionic conductors where the diffusing species has a predominantly 
incoherent neutron scattering cross section – i.e., hydrogen – key parameters describing that 
diffusion can be extracted directly by modelling the form of the QENS. QENS analysis is a far more 
complex (and unresolved) problem when the diffusing atoms have significant coherent neutron 
scattering cross-sections, such as oxygen and lithium. However, it is possible to interpret QENS 
indirectly in such cases, by using the experimental GDOS to validate ab initio computational 
dynamics simulations, and then interrogating the simulations to identify diffusion mechanisms. This 
is obviously most effective when the experimental signal is strong, i.e., ionic conductivity is high. In 
the case of oxide-ionic conductors, this points to stabilised versions of the high-temperature cubic 
phase δ-Bi2O3, which has the highest oxide-ionic conductivity known. We recently used a combined 
INS and ab initio simulation approach to study diffusion in the low-symmetry (triclinic) δ-Bi2O3-related 
compound Bi26Mo10O69

1, for which three distinct models had previously been proposed. We found 
that oxide ions migrate through a combination of fast local reorientations of MoOx (x = 4, 5) polyhedra 
and slower jumps between these polyhedra. Here, we will present new results for the cubic δ-Bi2O3-
related compounds Bi1–xNbxO1.5+x

2 and Bi1–xWxO1.5+1.5x
3. These so-called “Type II” phases have 

complex incommensurately modulated (3+3)-D structures and show higher conductivity than their 
lower-symmetry analogues. We identify a different mechanism in which oxide ions migrate more 
easily and directly through continuous, isotropic, oxygen-deficient δ-Bi2O3-like channels. The results 
are compared to experimental data and theoretical models for pure δ-Bi2O3, and used to suggest 
crystal-chemical variations on the transition-metal-doped forms that could maximise performance 
and long-term cycling stability. 
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Iridium-containing materials, particularly oxides, are currently a major research focus due to 

intriguing ground states and unconventional magnetic orders stabilised by strong spin-orbit coupling 
[1-4]. Examples are Sr2IrO4

1,2, Na2IrO3
3, β-Li2IrO3

4,5 and Na3Ir3O8
6. At the same time the detailed 

crystallography of these phases, and structural chemistry of iridates in general, is relatively poorly 
explored compared to analogues containing other transition metals. Neutron scattering, while being 
a natural choice of experimental probe to study the crystal structure, ground state order and 
unconventional excitations in these phases, suffers from the large absorption cross section, σabs=425 
barns, of the natural isotopic mixture of iridium rendering these experiments difficult and time 
consuming and resulting in relatively poor quality data. The small magnetic moments often 
encountered in iridates (typically 0.1-0.4μB/Ir) compound the problem. This seriously limits reliable 
determination of magnetic structures and the study of excitations by neutron techniques and one is 
often limited to using advanced x-ray methods2,5,6. However in structural studies x-ray diffraction is 
unable to precisely determine the positions of oxygen and other light elements in the presence of 
heavy iridium and therefore neutron diffraction is an essential complement to synchrotron studies for 
space group determination, investigations of phase transitions and understanding subtle structural 
distortions. Overcoming the absorption problem in order to enable detailed neutron scattering studies 
of structure, magnetism and excitations is therefore of paramount importance. Modern high flux 
instruments along with careful experimental design can mitigate these problems on some level but 
not overcome them on a routine basis. However, the absorption cross section of the isotope 193Ir is 
a much more manageable 111 barns. Use of isotopically enriched samples has not been previously 
reported and additionally the scattering length was also not known. Here we will present the results 
of proof-of-concept neutron scattering experiments on the structure and magnetism in the 
prototypical Ruddlesden-Popper iridate Sr2

193IrO4 – a pivotal compound of the field1,2 along with the 
results of our scattering length determination by a novel total scattering based method. Data 
collection times are much reduced by use of 193Ir, while data quality is greatly improved allowing a 
much more detailed picture of the magnetism and structural distortions to be obtained. We will 
present new results on the structure and magnetism of Sr2IrO4 and contrast these results to studies 
on natural Ir-based samples. We will also compare and contrast the quality of the crystallographic 
information obtained to that from high resolution synchrotron x-ray data and outline the potential for 
routine applicability in studies of the structure and magnetism of iridium-containing materials. 
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High pressure methods are important for synthesising new materials, and exploring 
changes of structure and property in dense matter. High pressure materials science will be 
introduced briefly, and applications for solid state chemistry will be illustrated with reference 
to new ABO3 perovskite materials. High pressure often stabilises cations in unusual 
oxidation or coordination environments. Examples with unusual A cations are PbRuO3 [1] 
and Mn-based perovskites such as MnVO3 [2], while new LnRu0.9O3 perovskites have the 
unusual Ru3+ state at B sites [3]. New SrCrO3-x [4,5] and CaCrO3-x [6,7] superstructure 
phases have been synthesised through 'hard-soft' chemistry, where the x = 0 high pressure 
perovskites prepared under ‘hard’ high pressure conditions are modified topotactically by 
soft low temperature reduction. The most reduced CaCrO3-x material, Ca2Cr2O5, is a new 
brownmillerite phase. New magnetoresistive double perovskite materials such as 
CaCu3Fe2Re2O12 and Mn2FeReO6  have also been stabilised at high pressure [8,9], and a 
new double double perovskite type MnRMnSbO6  with order of A and B site cations has 
recently been discovered [10]. 
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In the last 15 years, the structural chemistry of borates could be significantly extended by solid state 
syntheses under extreme conditions of pressure and temperature. One of the most interesting 
compounds in this context was the discovery of the nickel borate HP-NiB2O4.1 The structure of this 
nickel borate is exclusively built up from edge-sharing BO4 tetrahedra – the first example in the 
context of a plethora of borate structures dominated by corner-sharing BO3 and BO4 groups. 
Impressed by this first example of unknown structural possibilities, we decided to investigate the field 
of transition metal borates in more detail. When comparing the systems Fe–B–O(–H), Co–B–O(–H), 
and Ni–B–O(–H), it is striking that the number of published high-pressure borates in each system 
decreases from five (Fe-borates), to four (Co-borates), to two (Ni-borates). Since the transition 
metals Fe, Co, and Ni have similar chemical properties and thus often form isotypic compounds, one 
would also expect that a similar number of corresponding transition metal borates exist. Especially, 
the small number of already known nickel borates motivated us to further investigate the system Ni–
B–O(–H). Next to the already published compounds HP-NiB2O4 1, -NiB4O7 2, and -NiB4O7 3, we 
could synthesize another four nickel borates at elevated pressures using a Walker-type multianvil 
apparatus. These results impressively demonstrate that this synthetic route is a prolific way for the 
discovery of new compounds in the field of transition metal borates.In fact, we could also open up a 
new access into the field of borates containing nitrogen. Starting from the simple educts CdO, B2O3, 
and aqueous ammonia under conditions of 4.7 GPa and 800 °C, the synthesis led to the compound 
Cd(NH3)2[B3O5(NH3)]2 as the first ammine borate.4 Interestingly, an adduct of NH3 to the BO3 group 
of a complex B–O network can be stabilized, opening up a fundamentally new synthetic route to 
nitrogen-containing borates. One of the most striking discoveries in the field of transition metal 
borates was the recently synthesized molybdenum borate Mo2B4O9, where it was possible to 
incorporate tetrahedral molybdenum clusters into an anionic borate crystal structure - a structural 
motif that has never been observed in the wide field of borate crystal chemistry.5 The six bonding 
molecular orbitals of the [Mo4] tetrahedron are completely filled with 
12 electrons, which are fully delocalized over the four molybdenum 
atoms (see Figure 1). The talk will give an overview concerning the 
recent advances in high-pressure chemistry of new transition metal 
borates.  
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56, 6449. 

  

Figure 1: Crystal structure of 

Mo2B4O9 with a view along [100]. 
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Nitridophosphates are closely related to oxosilicates owing to the isoelectronic pair SiO2 and 

PN2
−, which leads to PN4 tetrahedra based structures. Unlike silicates, however, nitridophosphates 

are little explored in terms of elemental and structural diversity. While first and second main group 
element nitridophosphates are reasonably well examined, compounds containing transition metals 
and rare-earth metals with valence larger than two are not. Nitridophosphates form structures of 
vertex-sharing PN4 tetrahedra, which are partly also known from silicate structure types. Above that, 
their ability of introducing additional structural units like triply-bridging N, edge-sharing tetrahedra 
and pentacoordinated phosphorus to the P/N net, intrigues. Incentively, their structural diversity is, 
in theory, greater than that of oxosilicates. The talk is concerned with the recent development in 
nitridophosphates, with focus on the enlargement of their composition and structure space. 
Compounds containing trivalent rare-earth ions have been accessed by high-pressure metathesis 
starting from rare-earth halides and LiPN2 using a large volume press and the multianvil technique. 
The first identified compound, LiNdP4N8, crystallizes in the paracelsian BaAl2Si2O8 structure type.1 
The metathesis route circumvents the use of inactive rare-earth nitride starting materials and 
promotes the nitridophosphate formation through the thermodynamic sink LiF. 

 
NdF3 + LiPN2 LiNdP4N8 + LiF 

 
The in situ formed alkali halide acts as mineralizer assisting in the growth of nitridophosphate single-
crystals, which greatly reduces the effort of structural characterization. Based on these results, the 
synthetic reach of high-pressure metathesis was tested and the atomic ratio  = P/N was altered, 
effecting crystallization of different network types. Lowering the P/N ratio by addition of Li3N to a 
generalized form of above reaction equation led to the discovery of two layered RE2P3N7 (RE = La, 
Ce, Pr, Nd, Sm, Eu, Ho, Yb) modifications and the orthonitridophosphate oxide Ho3[PN4]O.2,3 
Moreover, highly-condensed structures with  > 1/2, for example Ce4Li3P18N35, are attainable by this 
method, proving that thermodynamic sinks like rare-earth nitrides or phosphides can successfully be 
avoided.4 The circumvention of such sinks is imperative when targeting transition metal 
nitridophosphates since these metals are prone to form phosphides under the reducing conditions 
of present nitride ions. A first step towards additional elemental diversity was accomplished by 
transferring the high-pressure metathesis route to the Zr(IV)–P–N system. Zr9P24N52, which 
crystallizes in a strongly decorated interpenetrated diamond net, and the zircon mineral analogue 
ZrPNO3 were synthesized in this way.5 We expect that this method is applicable to several kinds of 
3d-, 4d- and 5d-transition metals, hence opening a route towards a vast nitridophosphate 
composition space.  
 
1. S.D. Kloß and W. Schnick, Angew. Chem. Int. Ed. 2015, 54, 11250. 
2. S.D. Kloß, N. Weidmann, R. Niklaus and W. Schnick, Inorg. Chem. 2016, 55, 9400. 
3. S.D. Kloß, N. Weidmann and W. Schnick, Eur. J. Inorg. Chem. 2017, 1930. 
4. S.D. Kloß, L. Neudert, M. Döblinger, M. Nentwig, O. Oeckler and W. Schnick, In Preparation. 
5. S.D. Kloß, A. Weis and W. Schnick, In Preparation.  
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The so called “extreme conditions” of synthesis,  that is high pressure / high temperature  
(HP/HT) routes are widely used within many fields of Solid State Chemistry to produce novel 
materials. The main effects of high pressure are a) increasing the density, leading to more compact 
structures; b) increasing the coordination number for cations, c) decreasing bond lengths, d) 
increasing metal-metal interactions,  etc., and by these means new materials, many of them 
metastable,  have been produced or modified [1] On the other hand, in the field of rechargeable 
batteries,(sodium or lithium ions) new materials are constantly investigated in order to evaluate their 
performances as electrodes, electrolytes or interconnectors. At a first glance it seems that these two 
fields of research are not compatible since open structures allowing lithium or sodium mobility, are 
a “must” for battery materials together with the presence of transition metals in different oxidation 
states and sufficiently high mixed electronic-ionic conductivity in the case of electrodes. Therefore, 
high pressure materials have been traditionally ruled out as host materials for alkaline 
insertion/extraction  reactions. Nevertheless, if the high pressure materials, in spite of their higher 
density, do still have some open spaces and some paths are available  in their structures for allowing 
ionic diffusion, they should be tested as potential candidates  and, if  electronic conductivity is 
enhanced, they may perform even better than  the ambient pressure analogue materials. This is the 
case of β V2O5 , the HP form of vanadium pentoxide, where the Van der Waals, interlayer space 
characteristic of the ambient pressure form remains and the enhanced electronic conductivity 
reduces the polarization of the cell and improves the power capability [2]. Vanadium oxifluoride , 
featuring a distorted ReO3 structure  is another very interesting example which has been firstly 
prepared in our group under HP/HT conditions although careful ball milling under argon also leads 
to it [3]. Interestingly enough, the post-spinel form of NaMn2O4 has been produced under high 
pressure conditions and successfully tested as a highly stable electrode for sodium batteries [4] and 
the lithium analogue has been synthesized by ionic exchange on this material, that is combining a 
“soft chemistry” procedure with an “extreme conditions” one [5]. Last, but not least, moderate 
pressures can also be used  in hydrothermal or microwave-assisted synthesis yielding interesting 
materials, some of them nanosized. All these aspects will be reviewed and discussed in the present 
communication. 

 
1. M. A. Alario-Franco, A. J. Dos Santos-García and E. Morán..An Introduction to High Pressure 

Science and Technology. Chapter 14. Taylor  & Francis group LLC  publ. (2016). DOI: 
10.1201/b19417-18 ·  

2. M. E. Arroyo y de Dompablo, J. M. Gallardo-Amores, U.Amador and E. Morán. Electrochem. 
Commun. (2007)9 (6)1305-1310. 

3. J. C. Pérez-Flores,R. Villamor, D. Avila-Brande, J. M. Gallardo-Amores, E. Morán, A. Kühn and 
F. García-Alvarado. J. Mater. Chem. A, 3(2015), 3, 20508-20515. 

4. X. Liu, X. Wang, A. Iyo, H. Yu, D. Li and H. Zhou. J. Mater. Chem. A, (2014)2,14822-14826. 
5. M. Mamiya, K. Tokiwa and J. Akimoto. J. Power Sources (2016)310, 12-17. 
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By harnessing the highly energetic, highly focused, and highly penetrating properties of 

synchrotron hard x-rays (>7keV) to drive in situ decomposition reactions (e.g. KClO4  h  
KCl+2O2

1), we have enabled acatalytic routes of chemical synthesis of novel materials under 
extreme (or isolated) conditions with little or no introduction of heat. In this talk, I will discuss three 
recent developments that showcase useful hard x-ray photochemistry 1-5 as a potentially useful 
means to synthesize challenging materials: 1. Evidence for the synthesis of CsF2 above 13 GPa and 
synthesis of CsF3 above 65 GPa via x-ray irradiation of a mixture of CsF and KBF4

2, pressurized 
inside a diamond anvil cell (DAC). Here, KBF4 is used as an in situ source of molecular fluorine when 
irradiated3.  Our XANES, XRD, IR, and Raman results appear to confirm a prediction that Cs will 
become a p-block element at high pressure 2. 2. Synthesis and ambient recovery of stable doped 
polymeric carbon monoxide (doped poly-CO) via irradiation of SrC2O4 that was pressurized to 7 
GPa4 via: SrC2O4  h  SrCO3+CO and n(CO)→poly-CO. 3. Successful hydrogenation5 and 
irreversible intercalation of oxygen into the WO3 lattice in separate experiments.  We used 
synchrotron hard x-ray irradiation of pressurized selected mixtures of WO3 with NH3BH3 and KClO4, 
respectively.  Dramatic changes were observed in the one-dimensional x-ray emission spectra of 
both mixtures with varying pressure (up to 10 and 20 GPa, respectively) and in both cases, 
irreversible changes were observed upon decompression to ambient conditions suggesting either 
chemical reaction or intercalation into the WO3 lattice.  Thus, we have strong evidence of a novel 
means to dope semiconductors. This last work was inspired by the effort to create solar cells that 
are more resonant with sunlight by altering the WO3 bandgap via intercalation.  

                          

Figure 1: (Left) Strontium oxalate sample loaded at 7 GPa in a DAC before irradiation. (Right):   
The same pressurized sample after ~ 4 hours of x-ray irradiation which has been largely 

converted to doped polymeric carbon monoxide1. 
 

1. M. Pravica, Y. Wang, D. Sneed, S. Reiser, M. White Chem. Phys  Lett., 2016, 660, 37. 
2. M. Miao, J. Botana, M. Pravica, D. Sneed, C. Park, Japan. J. Appl. Phys., 2017, 56: 05FA10. 
3. M. Pravica, M. White, Y. Wang, Shock Compr. Cond. Mat. 2015 AIP Conf. Proc., 2017, 1793: 

060030. 
4. M. Pravica, D. Sneed, Q. Smith, B Billinghurst, Cogent Phys., 2016,  3: 1169880. 
5. M. Pravica, Y. Wang, Y. Xiao, P. Chow, in press, Japan  J. Appl. Phys. Conf. Proc., 2017. 
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Weakness in a material, especially when challenged by chemical, mechanical or physical stimuli, is 
often viewed as something extremely negative. There are countless examples where interesting 
looking materials have been dismissed as being too unstable for an application. However, instability 
with respect to a stimulus is not always a negative point and in this perspective article we wish to 
highlight situations where weakness in a material can be used as a synthetic tool to prepare materials 
that are difficult or even impossible at present to prepare using traditional synthetic approaches.  
 
To emphasise the concept we will draw upon examples in the field of nanoporous materials, 
concentrating on metal-organic frameworks and zeolites. In particular we will illustrate this concept 
by explaining how the ADOR mechanism (Assembly-disassembly-organization-reassembly) can be 
used to precisely control the porosity – something that cannot be completed using traditional 
approaches. We will demonstrate how XRD, NMR, TEM and PDF can be used in a complementary 
manner to ascertain structural details of the materials prepared using the ADOR method. 

 
ADORable zeolites: A series of zeolites with continuously tuneable porosity can be prepared using 

the ADOR methodology. The porosity accessible in this family covers the whole range of useful 
size – from small to extra large pore materials 

 
(1) Roth, W. J.; Nachtigall, P.; Morris, R. E.; Wheatley, P. S.; Seymour, V. R.; Ashbrook, S. E.; 
Chlubna, P.; Grajciar, L.; Polozij, M.; Zukal, A.; Shvets, O.; Cejka, J. Nature Chemistry 2013, 5, 62 
(2) Chlubna-Eliasova, P.; Tian, Y.; Pinar, A. B.; Kubu, M.; Cejka, J.; Morris, R. E. Angewandte 
Chemie-International Edition 2014, 53, 7048 
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Since the last century, X-ray diffraction has been the most important and widely used technique for 
ab initio structure determination. Both powder and single crystal X-ray diffraction data are collected 
automatically. Phase analysis and structure determination are carried out routinely using well-
developed software. Electron diffraction (ED) has several unique advantages compared to X-ray 
diffraction; it requires thousands times less samples and million times smaller crystals. The main 
drawback is that ED patterns need to be collected manually, which both requires TEM skills and is 
time consuming. Our group has been working on developing new electron crystallographic 
techniques during the past 30 years. We developed a software-based method, Rotation electron 
diffraction (RED), for automated collection and processing of 3D ED data by combining electron 
beam-tilt and goniometer tilt (Fig. 1a) [1]. The unit cell parameters and space group are directly 
obtained from RED, and the ED intensities are extracted. The unit cell and space group can be used 
for phase analysis, and together with the ED intensities; the crystal structures can be solved. Using 
RED data, more than 80 structures have been determined, including zeolites[2], coordination 
polymers/metal-organic frameworks[3,4] and quasicrystal approximants. The phases in multi-phasic 
samples are identified and the structures of unknown phases are solved [5]. The RED method was 
further developed into continuous RED (cRED) by combining contiunuous goniometer tilt with fast 
data collection using a Timepix hybrid camera.  A complete cRED data can be collected in 15-150 
seconds, and the crystal structures can be solved on a routine base within a few hours. To further 
automate the data collection, we have developed serial snapshot crystallography using electron 
diffraction (SSX-ED) for automated particle detection and data collection (Fig. 1b-c). ED patterns 
from 3000 particles can be collected automatically in less than one hour! SSX-ED is especially useful 
for beam sensitive samples and phase quantification. In my talk, I will present the RED, cRED and 
SSX-ED techniques, and their applications for phase analysis and structure determination of a series 
of complex structures and multiphasic samples. Our goal has been to make electron crystallography 
as feasible as X-ray diffraction for phase analysis and structure determination. 

 

Fig. 1 3D ED data collection from (a) one single crystal by goniometer tilt and (b-c) thousands of 
crystals by automated particle detection (b) and data collection (c).   
 
1. W. Wan, J.L. Sun, J. Su, S. Hovmoller, X Zou, J. Appl. Cryst. 2013, 46, 1863.  
2. P. Guo, J. Shin, A. Greenaway, S.B. Hong, P.A. Wright, X. Zou et al., Nature 2015, 524, 74.  
3.  D. Feng, T.-F. Liu, J. Su, M. Bosch, X. Zou, H.-C. Zhou et al., Nat. Comm. 2015, 6, 5979.  
4. Y. Wang, S. Takki, S., O. Cheung, H.Xu, W. Wan, L Öhrström, A.K. Inge, Chem. Commun. 
2017, DOI: 10.1039/c7cc03180g.  
5. Y. Yun, X. Zou, S. Hovmöller, W. Wan, IUCrJ, 2015, 2, 1.   
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Metal chalcogenides are able to form aerogels that are also called chalcogels. These are 

predominantly mesoporous materials constructed from inorganic building blocks to yield a 3D 
covalent network comprising high surface area, surface polarizability and chemical selectivity. Based 
on the unique electronic properties of the chalcogels, several potential applications have been 
proposed and reported: gas separation,1-2 heavy metal and radioactive element adsorption,3 energy 
storage materials,4 and solar cell.5 Apart from these, due to its large surface area and porosity 
chalcogenide based aerogels are expected and shown to have promising catalytic performance.6-9 
Chalcogenide aerogels containing late transition metals are believed to result in further interesting 
applications of this class of materials and the focus here is on heterogeneous catalytic 
hydroamination. High surface area macroporous chalcogenide aerogels (chalcogels) MAu2GeS4 (M 
= Co, Ni) were prepared from K2Au2GeS4 precursor and Co(OAc)2 or NiCl2 in one-pot sol-gel 
metathesis reactions. The MAu2GeS4-chalcogels were screened for catalytic intramolecular 
hydroamination of 4-pentyn-1-amine substrate at different temperatures. 87 % and 58 % conversion 
was achieved at 100 C, using CoAu2GeS4- and NiAu2GeS4-chalcogels respectively, and the 
reaction kinetics follows the first order. It was established that the catalytic performance of the 
aerogels is associated with the M2+ centers present in the structure. Intermolecular hydroamination 
of aniline with 1-R-4-ethynylbenzene (R = -H, -OCH3, -Br, -F) was carried out at 100 C using 
CoAu2GeS4-chalcogel catalyst, due to its promising catalytic performance. The CoAu2GeS4-
chalcogel regioselectively converted the pair of substrates to respective Markovnikov products, (E)-
1-(4-R-phenyl)-N-phenylethan-1-imine, with 38 % to 60 % yield. 

  
1. E. Ahmed, J. Khanderi, D. Anjum, A. Rothenberger, Chem. Mater., 2014, 26, 6454. 
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4. D. S. Dolzhnikov, H. Zhang, J. Jang, J. S. Son, M. G. Panthani, T. Shibata, S. Chattopadhyay, D. 
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The upconversion photoluminescence (UCPL) in rare-earth-doped materials have attracted 

the attention due to its applicability in lasers, sensors, displays, bioimaging, photovoltaics and optical 
amplification. The UCPL comprises three basic mechanisms: I) ground state absorption (GSA) 
followed by excited state absorption (ESA), II) GSA followed by energy transfer upconversion (ETU) 
and III) photon avalanche (PA) upconversion via cross relaxation process. The UCPL mechanism is 
usually analyzed by absorption-excitation spectroscopy and time-resolved spectroscopy (TRS). 
However, the TRS of UCPL is governed by the nonlinear dynamics which cannot be solved uniquely. 
On the contrary, the quadrature frequency resolved spectroscopy (QFRS) of UCPL is highly sensitive 
due to sinusoidal modulation of DC bias light and phase-sensitive (lock-in) detection. The modulating 
perturbation allows linearize the nonlinear dynamics thereby giving physical parameters on the 
UCPL dynamics.1 

 

We have applied QFRS on green (λ ≈ 550 nm) UCPL in Er3+-doped GeGaS chalcogenide 
glass with modulating 975 nm laser and observed double-peaked spectra composed of two lifetime 
components; short lifetime component (≈45–66 μs) represents the relaxation at the upper energy 
level Er3+: 4S3/2 and long lifetime component (≈0.95–1.1 ms) at the intermediate level Er3+: 4I11/2.2 The 
QFRS spectra evolved by excitation power and Er3+ concentration were analyzed by 3-level model 
(Er3+ ground state 4I15/2, intermediate level 4I11/2 and coupled upper levels 4F7/2, 2H11/2, 4S3/2) and 
explained on the basis of difference of UCPL mechanisms, i.e. GSA/ESA and mixed 
GSA/ESA+GSA/ETU. Energy transfer upconversion parameter w (s−1) was derived by analyzing the 
model in terms of transfer function. 

 
1. T. Aoki, Photoluminescence spectroscopy, in Characterization of Materials, E.N. Kaufmann ed., 

2nd ed., Vol. 2, Wiley, Hoboken, NJ, 2012, p.1158. 
2. L. Strizik, V. Prokop, J. Hrabovsky, T. Wagner, and T. Aoki, J. Mater. Sci.-Mater. El., 2017, 28, 

7053. 
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Mixed anions systems provide great opportunities to discover new materials with original chemical 
and physical features. In particular, dealing with oxychalcogenides, pronounced and distinct cation-
anion affinities can lead to anionic segregation and thus favor low dimensional structures. However, 
oxychalcogenides are rather poorly investigated in comparison with oxides for instance. In that 
context, we have taken an interest into the phase Ba3V2O3S4 1 built from infinite chains V3+S6 
connected through the octahedrons faces and isolated from each other by Ba2+ ions and V5+O3S 
tetrahedrons. The latter are mixed anion entities in which the metal is both surrounded by oxygen 
and sulfur conferring a certain degree of distortion. The quasi-1D and acentric Ba3V2O3S4 phase is 
a Mott insulator with frustrated S=1 spin chains 2. Our investigations aimed to modulate the properties 
of this compound through the modification of the chains composition, i.e. substitution of vanadium 
ions by other transition metals. In this way, we have obtained a new phase with similar structure than 
Ba3V2O3S4 but in which the chains are composed of chromium, i.e. the Ba3VCrO3S4 compound. More 
original is the stabilization of several hitherto unseen structures such as: Ba5V3O9S3.5, Sr9Cr21S40.5 or 
Ba11Fe6V2S18O6. In particular for the later the presence of sulfur-sulfur pairs will be discussed. These 
phases’ cristallochemistry could be investigated thanks to the realization of single crystals. Distinct 
properties are expected (magnetism, optical…) and will be discussed, in particular for Ba3VCrO3S4. 

 

Figure 1: Structures of a) BaCrVS4O3, b) Ba5V3O9S3.5 and c) Ba11Fe6V2S18O6 

 
1. F. Calvagna et al., Chemistry Materials, 2001, 13, 304-307 
2. E. J. Hopkins et al., Chemistry European Journal, 2015, 21, 7938-7943  
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Metal hydrides are a fascinating class of compounds because of their unusual versatility with respect 
to crystal structures, chemical bonding, chemical and physical properties. We will exemplify the 
transition from ionic to metallic bonding by the series MH2 - M2PdH4 - MPdH3-x - MPd2Hx - PdHx (M 
= Ca, Sr, Eu) [1].  
 
In comparison to many metal halides and oxides metal hydrides are in general thermodynamic less 
stable or even metastable. Therefore, their synthesis sometimes requires soft chemistry routes 
(chimie douce), e. g. for copper hydride [2, 3]. Further examples are metastable palladium-rich 
intermetallics, where hydrogen allows control over the formation of various superstructures of the 
cubic close packing [4]. In Zintl phases hydrogen plays a very subtle game of redox chemistry and 
many metastable phases form, e. g. hydrides of AeTt (Ae = Ca, Sr, Ba; Tt = Si, Ge, Sn) [5, 6]. 
Hydrogen is incorporated as a hydride ion in Ae4 tetrahedra and may additionally bind covalently to 
the tetrel atoms Tt, hereby forming new polyanionic structural units. The synthesis of such 
metastable compounds is a challenge. In many cases in situ investigations lead the way to 
successful synthesis [7]. 
 
In some cases, however, brute force is needed for the formation of metal hydrides, e. g. by high gas 
or hydrostatic pressures. This is of particular interest in view of the high polarizability of the hydride 
anion, H-, which makes the crystal chemistry of metal hydrides very susceptible to pressure. 
 
[1] H. Kohlmann, H. E. Fischer, K. Yvon, Inorg. Chem. 2001, 40, 2608-2613 
[2] H. Auer, H. Kohlmann, Z. Anorg. Allg. Chem. 2014, 640, 3159–3165 
[3] E. Bennett, T. Wilson, P. J. Murphy, K. Refson, A. C. Hannon, S. Imberto, S. K. Callear, G. A. 

Chass, S. F. Parker, Inorg. Chem. 2015, 54, 2213-2220 
[4] A. Götze, H. Kohlmann, Palladium Hydride and Hydrides of Palladium-Rich Phases. In: J. 

Reedijk, (Ed.) Elsevier Reference Module in Chemistry, Molecular Sciences and Chemical 
Engineering. Waltham, MA: Elsevier, 2017, doi:10.1016/B978-0-12-409547-2.12204-8 
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Inorg. Chem. 2017, 56, 1061−1071 
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Since the discovery of unconventional superconductivity in Fe-based materials in 20081, Fe-

based superconductors (Fe-SC) have attracted much attention and have been the subject of intense 
and systematic investigations. To date, Fe-SC always contain toxic pnictogen or chalcogen elements 
(P, As and Se, Te respectively). Besides, they are usually obtained by solid state reaction with 
possibly the use of high pressure. In this context, we have recently synthesized the new hydride 
LaFeSiH by solid-gas hydrogenation of the precursor LaFeSi. Preliminary results show that this 
hydride is isostructural to the 1111 Fe-SC compounds (sg P4/nmm), hydrogen atoms being inserted 
in the [La4] tetrahedra (Figure 1).2 Interestingly, LaFeSiH displays superconductivity below 8.5 K. 
This hydride also presents other structural, magnetic and electronic similarities with the previously 
reported Fe-SC compounds. In particular, LaFeSiH undergoes a transition from tetragonal to 
orthorhombic structure at low temperature, distortion which is suppressed by an external pressure 
and re-emerges at higher pressure. In addition, DFT calculations have evidenced the quasi-2D 
character of the Fermi surface with a dominant contribution of the 3d(Fe) orbitals. These calculations 
also predict the onset of a single-stripe antiferromagnetic order that would explain the orthorhombic 
distortion. Therefore, LaFeSiH can be considered as the first Fe-SC obtained by solid-gas 
hydrogenation and free from toxic pnictogen and chalcogen elements. 

 
Figure 1: (hk0)-plane of the LaFeSiH single-crystal diffraction pattern at room temperature (left) 

and crystal structure of the hydride (right). 
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The superconducting transition temperature (Tc) of tetragonal Fe1+δSe can be enhanced from 

8.5 K to 44 K by chemical structure modification resulting in significant increase of [Fe2Se2]-interlayer 
separation: from 5.5 Å in native Fe1+δSe to > 7 Å in KxFe1–ySe and to > 9 Å in Li1−xFex(OH)Fe1–ySe. 
Structure modification is achieved by the shift of the [Fe2Se2]-slabs and filling the interlayer space 
by solvated lithium and iron cations or by large alkaline cations like K.  

 
We report the application of electrochemical approach to modification of Fe1+δSe 

superconducting properties. In contrast to chemical way the electrochemical approach allows to 
insert small amount of non-solvated Li+ into Fe1+δSe structure keeping the native structure and 
[Fe2Se2]-layers arrangement. The amount of intercalated lithium is extremely small (about 0.07 Li+ 
per f.u), however, caused slight change of carrier concentration results in enhancement of Tc up to 
∼ 44 K. The comparison of Li and Na electrochemical intercalation into FeSe structure will be 
presented. The electrochemical intercalation provides the opportunity to get information about the 
“Tc vs carrier concentration” relation for this family of superconductors and open new possibilities for 
Tc-enhancement.  
 
 The work was supported by MPG-MSU Partnership Group and Skoltech Center for 

Electrochemical Energy Storage. 
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ReO3-type ScF3 based fluoride shows a similar structure to ABO3 perovskite. It exhibits a simple 

open framework structure which consists of corner-shared ScF6 octahedra (space group: 3 ). 
ScF3 exhibits an interesting negative thermal expansion (NTE) over a wide temperature, in which its 
lattice parameter contracts upon heating.1 In this study, we study chemical bonding, local structure, 
magnetic property, and NTE mechanism of ScF3 based fluorides by means of EXAFS, synchrotron 
pair distribution function (PDF), neutron powder diffraction, and first-principle calculation.2-5 Even 
though the lattice parameter of ScF3 contracts with increasing temperature, its basic structure unit 
of ScF6 octahedron expands oppositely. As shown in Fig. 1, the real Sc-F chemical bonds exhibit a 
strong positive thermal expansion (PTE), which that of Sc-Sc contracts. The nature of NTE of ScF3 
originates from the large transvers thermal vibration of fluorine atoms perpendicular to the linkages 
of Sc-F-Sc. The results indicate that the unit of NTE compounds is not necessary to be rigid.2 
Subsequently, according to the mechanism of ScF3, we have achieved an effective and general 
method to obtain tunable thermal expansion in framework materials through redox intercalation. The 
small concentration of intercalated Li ions has a strong influence through steric hindrance of 
transverse fluoride ion vibrations, which directly controls the thermal expansion.5 The thermal 
expansion of ScF3 can be also well controlled by the introduction of local structure distortion. Its 
average structure keeps in cubic phase, while its local structure is distorted to rhombohedral one 
(Fig. 2). Here, NTE is weakened by the increase in local structure distortion.3 Furthermore, a high-
TC (545 K) ferromagnetism in ScF3-based fluorides, with a narrow bandgap of 1.87 eV, has been 
achieved by the introduction of a small amount of Fe into ScF3 lattice. An unambiguous correlation 
between the chemical valence of the iron ions and the magnetism in (Sc0.9Fe0.1)F3 has been 
observed experimentally.4 

Figure 1: True thermal expansion of the 
Sc−F and Sc−Sc bonds 

Figure 2: Pair distribution function fit of synchrotron radiation X-
ray total scattering for ScF3-based compounds 
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The combination of europium with elements of different electronegativity (EN as defined according to 

Allred and Rochow) reveals that it is easy to obtain EuF3 (EN(F) = 4.0), Eu2O3 (EN(O) = 3.5), EuN (EN(N) = 
3.1), EuCl3 (EN(Cl) = 2.9), and EuBr3 (EN(Br) = 2.8), all containing Eu3+ cations. Beginning with carbon (EN(C) 
= 2.5), the difficulty to yield compounds with trivalent europium increases, so with sulfur (EN(S) = 2.5) and 
selenium (EN(Se) = 2.4), Eu3S4 and Eu3Se4 represent the highest oxidized binary chalcogenides exhibiting a 
structure with both Eu2+ and Eu3+ cations simultaneously and at the same crystallographic site. While moving 
to iodine (EN(I) = 2.3), hydrogen (EN(H) = 2.2) and tellurium (EN(Te) = 2.0), exclusively divalent europium 
compounds occur, such as EuI2, EuH2, and EuTe. All other elements with electronegativities slightly larger 
than two, e.g. P, As, Ge and B, are hardly capable to convert europium into simple salt-like binary compounds. 
In these cases, we start to enter the realm of Zintl phases with polyanionic arrangements. Upon reduction with 
europium or other suitable reducing agents, it is possible to get access to divalent europium compounds even 
with the highly electronegative elements, e.g. EuF2, EuO, EuCl2, and EuBr2, but not in the case of EuN. 
Moreover, tailor-made mixed-valent compounds, like Eu3O4 or Vernier-type halides (Eu13F32, Eu4Cl9 and 
Eu5Cl11) again with Eu2+ and Eu3+ cations in similar coordination spheres of the respective anions, can be 
synthesized. This simple picture changes a bit, when anions of elements with lower electronegativity are put 
into a covalent binding situation to increase their hardness or the group electronegativity of the complex anion. 
So thiosilicate(IV) anions stabilize trivalent europium in compounds like CsEu[SiS4], although S2− anions alone 
do not. On the other hand, even oxoanions with a very high group electronegativity like [SiO4]4− allow to reach 
the divalent oxidation state of europium, as the example of Eu2[SiO4] impressively shows. Extremely interesting 
features of that kind emerge, if one is able to combine different anions in order to manipulate the actual 
europium valence state. The admixture of oxide and fluoride anions not surprisingly results in the formation of 
the oxide fluoride EuOF or Vernier-type phases like Eu3O2F5 or Eu5O4F7, now containing exclusively trivalent 
Eu3+ cations. EuOCl, EuOBr and EuOI, but also Eu3O4Br, are similar examples with the heavier halide 
congeners. Other oxide halides are feasible to stabilize either mixed-valent (Eu2O2Br and Eu2O2I) or 
exclusively divalent oxidation-state situations (Eu4OCl6, Eu4OBr6 and Eu4OI6 or Eu2OI2). In the latter cases 
Eu2+ behaves like an alkaline-earth metal cation with a size close to Sr2+, but smaller than Ba2+. Interhalogenide 
and -chalcogenide compounds are apt to favor either europium(II) fluoride halides (Eu7F12Cl2 and EuFX with 
X = Cl, Br and I) or europium(III) oxide chalcogenides (Eu2O2Ch, Ch = S – Te). In consideration of hydride 
anions as halide species softer than fluoride, hydride halides with the compositions EuHX and Eu2H3X) occur, 
displaying Eu2+ cations. Astoundingly enough, the admixture of fluoride and sulfide anions does not result in 
the formation of EuFS with only Eu3+ cations. Here the oxidation leads to the fluoride sulfide Eu3F4S2, which 
represents a mixed-valent situation according to (EuFS)2·EuF2, or to Eu13F30S (≡ EuFS·(EuF3)5·(EuF2)7), when 
the extremely fluoride-rich situation is regarded. But also combinations of sulfide with complex oxoanions can 
lead to mixed-valent europium compounds, as the examples Eu5S[SiO4]3 and Eu6S[BO3]4 demonstrate. With 
slightly different ratios of Eu2+ and Eu3+ cations, even isostructural halide analoga exist (Eu5F[SiO4]3 and 
Eu6Br[BO3]4). On the other hand, in combination with [SiO4]4− groups even Se2− anions can tolerate Eu3+ 
partners, for instance in Eu2Se[SiO4], but successful syntheses of europium(III) oxide fluoride chalcogenides, 
such as Eu3OF5S, Eu2OF2Se or Eu6O2F8Se3, with the heavy chalcogenide as minority component, well-known 
with many other Ln3+ cations, still wait to be achieved for the Eu3+ case. The choice of the right partners appears 
to be very important, since in compounds like LiEu2NH3 hydride and nitride anions together are able to stabilize 
mixed-valent europium cations. Especially in terms of nitrides, europium does not behave like a heavy alkaline-
earth metal at all, proven by the lack of europium compounds analogous to AE2NX (AE = Sr and Ba; X − = e−, 
H−, Cl− and Br−), as EuN is almost impossible to reduce. In this case, nitridosilicate anions [SiN4]8− condensed 
to a framework help to promote the formation of Eu2+ cations with Eu2Si5N8 as the most prominent example. 
On the other hand, extremely stable EuH2 and EuI2 are hard to oxidize. Although combinations of more than 
two anions seem to complicate the situation at first glance, the possible characterization of Eu5O2H2I4 as 
europium(II) oxide hydride iodide gives hope for more examples of this kind. 
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Ternary carbides that belong to the family of MAX phases are an intriguing class of materials 
due to their unique properties combining characteristics of metals and ceramics.1 Their behavior is 
a result of their laminated structure with a mixture of strong M-X and weak M-A bonds (Figure 1 
(left)). MAX phases consist of an early transition metal, a main group element (usually groups 13 
and 14) and either carbon or nitrogen (Figure 1 (right)) and have the general composition M1+nAXn. 
They can therefore be divided into so-called 211 (n = 1), 312 (n = 2) and 413 (n = 3) phases. One 
particularly fascinating aspect is the possibility to tune the properties depending on the chemical 
composition. This opens a large playground to investigate the influence of chemistry on the particular 
materials properties.  

The field of magnetic MAX phases is highly attractive due to a number of interesting magnetic 
phenomena that have already been reported.2 Applications that can be envisioned today range from 
magnetocaloric refrigeration to spintronic devices. However, this field of research is still in its infancy 
and more studies are greatly needed in order to drive this exciting area further. Only a few Mn- and 
hardly any Fe-containing MAX phases have been synthesized and studied in terms of their magnetic 
behavior. Moreover, most of these investigations are based on thin film samples3-6 since the 
preparation of high-quality bulk MAX phases with later transition metals is very challenging.  Our 
approach is (i) the synthesis of known MAX phases and (ii) the incorporation of later transition metals 
(Mn, Fe). In this contribution I will present our results on V2AlC- and Cr2AlC-based compounds that 
are synthesized by means of a fast and energy efficient synthesis method using microwave heating. 
Materials are investigated by structural and element specific methods and their magnetic properties 
are discussed. 

 
Figure 1: (left) Crystal structure of a 211 MAX phase showing alternating layers of M6X octahedra and A atoms. (right) 

Periodic table highlighting the elements that form known MAX phases (adapted from M. Barsoum, 
http://max.materials.drexel.edu/). 
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Sulfuric acid is probably one of the most fundamental substances, not only in inorganic 

chemistry. Nevertheless fundamental aspects of its chemistry as well as its preparative potential 
have not been fully elucidated up to now. One of this fundamentals are the polysulfuric acids 
H2SnO3n+1 and their salts. While the acids are not known up to now (with H2S2O7 being the only 
exception[1]) a number of polysulfates could be obtained from reaction in SO3-enriched sulfuric acid 
(“oleum”) and SO3. For example the reaction of SO3 and N2O5 leads to (NO2)2(S4O13) exhibiting the 
first tetrasulfate anion.[2] This anion can also act as a ligand, as it has been shown for the unique 
[Pd(S4O13)2]2- anion that has been obtained from the reaction of K2[PdCl4] and SO3 under harsh 
conditions.[3] Quantum chemical calculations revealed that the complex formation stabilizes the 
anion. However, these calculations show also, that the stability of the polysulfates decrease with the 
chain lenghth. Thgus, the recently obtained hexasulfate is probably the largest polysulfate that could 
be gained.[4] The majority of compounds that are formed in reactions with sulfuric acid, oleum or SO3 
are disulfates and sulfates. However, also for these compounds unusual and fascinating species 
could be gained. Striking examples are the palladium disulfates Pd(S2O7) and Pd(HS2O7)2.[5,6] They 
show the Pd2+ ion in an unusual, almost prefect octahedral coordination. This leads to the 
paramagnetism of the compounds, with even ferromagnetic ordering at low temperature, a 
phenomenon that is seen for the first time for Pd2+ compounds. Interestingly, the heavier palladium 
congener platinum behaves very different under the same reaction conditions. In most cases 
platinum(III)sulfates are formed exhibiting the dumbbell shaped [Pt2]6+ cation incorporated in a 
paddlewheel type [Pt2(SO4)4] moiety.[7] A rare example is the tris-(disulfato)-platinate(IV) complex 
[Pt(S2O7)3]2-. It shows the Pt4+ ion in coordination of three chelating disulfate groups.[8] We have 
observed this type of building unit with a great number of different central atoms, e.g. Sn, Ge, and 
Ti. Probably the most interesting species are the tris-(disulfato)-silicates [Si(S2O7)3]2- which have 
been reported with various counter cations. They respresent the first examples of octahedral silicon 
coordination by purely inorganic ligands. Attempts to prepare even the binary silicon sulfate 
“Si(SO4)2” failed up to now, while for the element boron the unique sulfate B2S2O9 was obtained from 
the reaction of B(OH)3 with HSO3Cl.[9] The crystal structure consists of a framework of tetrahedra, 
which shows the topology of a typical phyllo-silicate. The examples might show that there is still a 
lot to discover in the chemistry of sulfuric acid. The crucial point in this type of chemistry is 
development and adjustment of suitable reaction conditions, which will certainly lead to new 
unforeseen compounds.   
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Regarding the field of energy storage, the design of new materials that are showing high ionic 
mobility together with being economic and environmental benign is crucial. Our research is focused 
on the synthesis by soft chemistry of new frameworks with large tunnels or layered structures in 
order to favor ionic mobility. We will discuss on our strategies to generate such original frameworks. 
The first approach is based on topotactic reactions starting from existing phases with a close pack 
anionic framework. In this case, we will show that the lithium/sodium insertion leads to ordered rock 
salt type structure Li5W2O7, Li12Mo5O17. The second approach is based on the in situ generation of 
disordered rock salt type structure starting from well-known structure such as LiVO3, LiMn2O3,… 
Then, structure-properties relationships are studied and the possibility to use these materials as 
electrode materials for power generation systems is discussed.  
. 
Keywords: Li/Na-ion batteries, new structure, ionic conductor, cathode material, rock salt type 
structures, iron sulfates 
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Cosubstitution is the simultaneous replacement of two or more cations, anions, complex 

anions, other fundamental building units, and vacancies, which is explored as a useful “pairing” 
concept that can potentially lead to the creation of many new members of one particular framework 
structure.1-2 Although the overall sum of the oxidation states is constant, each component is not 
necessarily isovalent. This methodology is typically inspired by either mineral-type structural 
prototypes found in nature or those discovered in the laboratory. Either path leads to the appearance 
of new phases or the discovery of new materials, as shown in Figure 1.1 In this presentation, we 
illustrate recent advances in the synthesis of the new cosubstituted solid state materials, which are 
especially important for the discovery of novel phosphors for white LEDs. The chemical unit 
cosubstitution strategy is applied to the melilite structure class designing the 
Ca2(Al1−xMgx)(Al1−xSi1+x)O7:Eu2+ solid solution phosphor via the [Mg2+−Si4+] for [Al3+−Al3+] 
cosubstitution.2 We also design the La5Si3O12N phase from La5Si2BO13 via the [B3+−O2−] by the 
[Si4+−N3−] cosubstitution.3 We have proposed a new insight into the design of the isostructural phases 
via the filling of M+ in the void channels of the Mg2Al4Si5O18 phase, so that the charge balance can 
be kept while the chemical composition varied, and this strategy will be also efficient in other porous 
inorganic hosts.4 Finally, we have recently studied the NaScSi2O6-based phosphor from CaMgSi2O6-
based phosphor via the chemical unit cosubstitution of [Na+–Sc3+] for [Ca2+-Mg2+] unit.5 Further 
studies show that the isostructural solid-solution of (CaMg)x(NaSc)1-xSi2O6 (0 < x < 1) can be formed, 
in which cation nanosegregation enables the presence of dilute Eu2+ at two centers and their 
intensities are linearly proportional to x, so that it represents a new cation nanosegregation tuning of 
photoluminescence for the exploration of color-tunable phosphor for white LEDs.6 

 

Figure 1: Chemistry-Inspired Adaptable Framework Structures via Cosubstitution 
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2. Zhiguo Xia, Chonggeng Ma*, Maxim S. Molokeev, Quanlin Liu, Karl Rickert, Kenneth R. Poeppelmeier,  J. Am. Chem. 

Soc., 2015, 137, 12494. 
3. Zhiguo Xia, M. Molokeev, W. B. Im*, S. Unithrattil, Q. Liu, J. Phys. Chem. C, 2015, 119, 9488. 
4. J. Zhou, Zhiguo Xia,  M. Chen, M. Molokeev, Q. Liu, Sci. Rep., 2015, 5, 12149. 
5. Zhiguo Xia, Y. Zhang, M. Molokeev, V. Atuchin, Y. Luo, Sci. Rep., 2013, 3, 3310. 
6. Zhiguo Xia, Guokui Liu, Jianguo Wen, Zhigang Mei, Mahalingam Balasubramanian, Maxim S. Molokeev, Licong Peng, 

Lin Gu,  Dean J. Miller, Quanlin Liu, Kenneth R. Poeppelmeier, J. Am. Chem. Soc., 2016, 138, 1158. 
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Perovskite-related systems have attracted considerable attention as electrolytes and electrodes for 
use in solid oxide fuel cells [1]. Traditionally doping strategies to optimize the conductivities for such 
materials have entailed doping with aliovalent cations of similar size, e.g. LaMnO3 doped with Sr on 
the La site. Prior work on cuprate materials related to high temperature perovskite superconductors, 
however, showed that the perovskite structure could incorporate significant levels of oxyanions 
(carbonate, nitrate, borate, sulfate, phosphate) [2]. Recently we have been examining the use of 
such oxyanion doping to modify the structure and conductivity of fuel cell electrolyte and electrode 
materials (fig 1), and the results from such studies will be presented [3]. In this doping strategy, the 
B, C, N, S, Si, P of the oxyanion is incorporated onto the perovskite B cation site, with the oxide ions 
of the oxyanion occupying 3 (carbonate, nitrate, borate) or 4 (sulphate, phosphate, silicate) of the 
available 6 anion positions around this site. The driving force for the accommodation of these 
oxyanions appears to be their effective stabilization of oxide ion vacancies. We will also show that 
other structure-types will accommodate these oxyanions, highlighting that some “oxide” materials 
previously reported in the literature are in fact oxide carbonates.  
  

 
Fig 1 (a) X-ray diffraction patterns for SrMnO3 and SrMn0.85Si0.15O3-x showing a change from a 
hexagonal to a cubic perovskite on Si doping, (b) resultant large enhancement in the conductivity 
on Si doping as a result of the change in structure and the introduction of mixed valency.  
 
 [1] A. Orera, P.R. Slater, Chem. Mater. 22, 675 (2010). 
[2] C. Greaves, M. Al-Mamouri, P.R. Slater, and P.P. Edwards, Physica C 235-240, 158 (1994). 
[3]. C.A. Hancock, J.M. Porras-Vazquez, P.A. Keenan, P.R. Slater; Dalton Trans 44, 10559-10569, 
2015. 
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New Mn4+-rich Ca0.7Mn2-xFexO4 complex oxides (0 < x  0.6) with Mn4+ amount varying from 33% to 
43% have been prepared by aqueous self-combustion routes and characterized by powder X-Ray 
Diffraction (XRD) and Mössbauer spectroscopy. These oxides crystallize with a monoclinic symmetry 
(CaMn3O6-type, SG: P21/a) for low Fe content and with an orthorhombic symmetry (CaFe2O4-type, 
SG: Pnma) for x > 0.14, thus stabilizing the highest Ca defects content (30%) for this series. A 
regular decrease of the Jahn-Teller Mn3+ site distortion is observed versus Fe content. For low iron 
content (x < 0.33), Fe3+ ions are preferentially but not exclusively located at the Mn4+-rich site which 
exhibits lower octahedral distortion whereas, for higher iron doping-rate (x ≥ 0.33), Fe3+ ions are 
almost equally distributed in the two more or less distorted transition metal sites. The same 
distribution of Fe3+ in both of these atomic positions contributes to the stabilization within these 
phases of a high content of Mn4+ even at higher temperatures (T > 1000°C) whereas the un-
substituted Ca0.66Mn2O4 phase is only stable up to 850°C. Furthermore, these phases can be 
reduced at T=550°C under Ar/5% H2 into a Mn2+ and Fe2+/Fe3+ phase based on the rocksalt structure 
and then, re-oxidized at T=700°C under air to get pure phases with the same orthorhombic unit cell 
and a Fe3+ distribution in the two atomic positions similar to the initial phase. Despite the additional 
stabilization of metal iron Fe0 during the reduction at T>550°C, a pure Mn4+/Mn3+/Fe3+-based oxide 
with CaFe2O4-type structure has been recovered after oxidation at T>700°C under air (Figure 1). 
Mössbauer spectroscopy of the reduced phase has revealed the presence of Fe2+ ions at two distinct 
octahedral sites corresponding to Fe3+ within the oxidized phase (Figure 1). During the steps of 
oxygen release and storage, this network deriving from the rocksalt framework, seems to preserve 
the Fe and Mn organization at the local scale.  
 

 
 
 
Figure 1 : (left) Room temperature 57Fe Mössbauer spectra of 
Ca0.7Mn1.53Fe0.47O4 compound oxidized then reduced under 
Ar / 5 % H2 at T=700°C with the CaFe2O4 framework (oxidized 
phase) and the rocksalt structure (reduced phase) identified 
during the redox process. 
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Topology is a mathematical concept that has recently become a hot topic in condensed matter 
physics and materials science. Topology also plays also a key role in chemistry: important instances 
are, for example, chiral molecules and Möbius annulenes.  
 
The topology of an electronic structure strongly influences the electronic, thermal and magnetic 
properties of materials. Classically, we are very familiar with insulators, semimetals and metals, 
whose properties are derived from the corresponding energy band gap in their electronic structure 
at the Fermi energy. However, all known materials can be reclassified through the lens of topology 
[1,2]. Topological insulators, Weyl and Dirac semimetals, and, topological metals, are new quantum 
states of matter, that have only recently been recognized. They exhibit surprising, new, properties 
such as, protected surface states in topological insulators, extremely high conductivities, giant 
charge carrier mobilities, and giant magneto-resistance effects.  Many of these have been 
experimentally realized, following their theoretical prediction. Chemically tunable families of 
compounds such as the Heusler compounds, and binary phosphides and chalcogenides, allow for 
these novel properties to emerge by careful optimization of their structure and composition. One 
important criteria for the identification of these materials is, in the language of chemistry, the inert 
pair effect of the s-electrons in heavy elements and the symmetry of the crystal structure. Many of 
these same materials are very good thermoelectric materials and heterogenous catalysts. These 
observations raise the question as to whether the topology of the electronic structure can have 
impact chemistry, too.  
 
Binary phosphides are an ideal class of materials for studying Dirac and Weyl physics. Weyl points, 
a new class of topological fermions, have been predicted in NbP, TaAs, MoP and WP2 [3-7]. Some 
of these Weyl semimetals have been tested for their catalytic activity [8], and have shown excellent 
performances. All these materials also show exceptional transport properties, including, high 
conductivity [6,7] (higher than copper), high mobilities and high magneto-resistance. Another 
direction are based on fact the Dirac equation connects astrophysics, high energy physics with 
condensed matter. NbP has served as a model system for the gravitational anomaly in astrophysics 
[9] and WP2 for a hydrodynamic flow of electrons [10]. 
 
1. Topological quantum chemistry, Barry Bradlyn, et al. Nature in print preprint arXiv:1703.02050 
2. B. Bradlyn, et al., Science 353 (2016) aaf5037 
3. C. Shekhar, et al., Nature Physics 11 (2015) 645  
4. Z. K. Liu, et al., Nature Mat. 15 (2016) 27  
5. L. Yang, et al., Nature Physics 11 (2015) 728 
6. C. Shekhar,  et al. preprint arXiv:1703.03736 
7. N. Kumar, et al. preprint arXiv:1703.04527 
8. C. R. Rajamathi, et al., Advanced Materials 29 (2017) 1606202 
9. J Gooth et al., Nature in print, arXiv:1703.03736 
10. J Gooth et al., arXiv:1706.05925 

  



Topological properties of insulators and semi-metals 
 

Invited contribution 
 

D. Carpentier 
 

ENS de Lyon, France 
 

In this talk, I will introduce the notion of topological property characterizing a gapped electronic 
phase, a so-called topological insulator. This property is the consequence of an inverted order of 
energy bands in the presence of strong spin orbit. It manifests itself in the appearance of robust 
surface states which are a the origin of peculiar properties. I will discuss experimental realizations of 
these topological insulators, in particular in reduced dimensions geometries. More recently, similar 
topological tools have been used to characterize zero gap semi-conductors, with band crossing 
points. These phases, while reminiscent of graphene, possess some unique transport properties 
such as a manifestation of the so-called chiral anomaly.   
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Multiferroics are compounds that possess at least two kinds of ferroic ordering. The coupling 

between these ordering phenomena opens the door for a large variety of applications. For example, 
the magnetoelectric effect allows switching of the magnetization by an electrical field or vice versa 
switching of the electric polarization by a magnetic field. Such magnetoelectric materials may be 
used e.g. as sensors or in data storage devices. Unfortunately, one-component multiferroics show 
only weak effects that usually occur at low temperatures making technical applications impossible. 
In composite multiferroics, on the other hand, the ordering temperatures of the different components 
can be well above room temperature and the coupling is strong, given that a high quality of the 
interface can be achieved.  

In this contribution we report on our investigations on multiferroic composites with different 
connectivities. These composites consist of BaTiO3 as ferroelectric component in combination with 
either ferrimagnetic ferrite spinels MFe2O4 (M = Co, Ni, Mg) or ferromagnetic metals/alloys (Ni, 
Co1/3Fe2/3). Depending on the dimensionality of the composites, various synthesis approaches have 
been chosen. 0–3-composites, i.e. particles of the ferro/ferri magnetic phase embedded in the 
BaTiO3 matrix, have been prepared by a polyol-assisted synthesis followed by reductive sintering 
and mild reoxidation.1,2  Heterolayers of MFe2O4 and BaTiO3 (2–2-composites) have been prepared 
by spin coating using solutions of the metal salts in DMF/HOAc.3,4  The thickness of the resulting 
layers can well be adjusted by the number of individual coating steps and the films show a 
pronounced magnetic anisotropy. Finally, the eutectic crystallization of MFe2O4/BaTiO3 melts in an 
optical floating zone furnace leads to composites with 3–3-connectivity. Examples for the three 
classes of heterostructures are shown in Figure 1. All samples have been investigated with a broad 
spectrum of characterization techniques including XRD, SEM/EDX, impedance spectroscopy and 
temperature- and field-dependent magnetic measurements. The magnetoelectric coefficients of our 
composites have been studied in detail with respect to different compositions, temperature, external 
magnetic field and frequency. 

  

   
Figure 1: SEM micrographs of multiferroic heterostructures with 0–3-, 2–2-, and 3–3-connectivity.  

Bright areas correspond to BaTiO3, darker ones to CoFe2O4. 
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Ab initio calculation of the electronic structure of f n ions in a chemical environment is not an easy 
task and the obtained accuracy is still not sufficient to match experimental data. 1 Alternatively, 
physical properties of f n ions can be calculated within the framework of the angular overlap model 
(AOM).2-5 The europium(III)-oxygen interactions in various oxo-compounds (EuOCl, EuPO4, 
EuAsO4, EuSbO4, EuVO4, Eu2Ti2O7, EuNbO4, EuTaO4, and C-type Eu2O3) have been investigated 
on the basis of powder reflectance spectra (NIR/vis/UV) and temperature dependent magnetic 
measurements. Computation of the transition energies and of the effective Bohr magneton numbers 
for Eu3+ in the different ligand fields were performed using the computer program BonnMag. 6 These 
calculations show that all electronic transition energies in the optical spectra, the magnetic 
susceptibilities as well as their temperature dependence are very well accounted for by AOM (Figure 
1). BonnMag provides a facile way to perform these calculations. Analysis of the obtained “best fit” 
AOM parameters eσ(EuIII-O) shows that these are significantly influenced by the further bonding 
partners of oxygen (“second-sphere ligand-field effect” 7, 8). A rise of eσ, max(EuIII-O) from 404 cm–1 
(EuPO4) to 687 cm–1 (Eu2O3), both normalized to d(EuIII-O) = 2.38 Å, is found. Correlation of this 
variation to oxide polarizability and optical basicity of the oxo-compounds is discussed.6 

  

Figure 1. UV/vis/NIR spectra of EuPO4 (a) and C-type Eu2O3 (b). Comparison of results from AOM (zero-phonon lines) 
and estimated intensities (Judd-Ofelt theory) with experimental spectra. Inset: Transition 7F0 → 5D2 measured separately 
with higher resolution (0.05 nm steps, slit 0.015 mm). Experimental Bohr magneton numbers μexp/μB vs. T of EuPO4 (c) 
and Eu2O3 (d) and comparison to the calculated numbers (solid lines). 
 
[1] H. Ramanantoanina et al. Phys. Chem. Chem. Phys. 2016, 18, 19020. [2] C. K. Jørgensen, R. Pappalardo, H.-H. 
Schmidtke, J. Chem. Phys. 1963, 39, 1422. [3] D. E. Richardson, J. Chem. Ed. 1993, 70, 372. [4] E. Larsen, G. N. LaMar, 
J. Chem. Ed. 1974, 51, 633. [5] W. Urland, Chem. Phys. 1976, 14, 393. [6] A. Bronova, planned Ph. D. thesis, University 
of Bonn, 2017. [7] D. Reinen, M. A. Atanasov, S.-L. Lee, Coord. Chem. Rev. 1998, 175, 91. [8] P. F. Smet, K. V. den 
Eeckhout, A. J. J. Bos, E. van der Kolk and P. Dorenbos, J. Lumin. 2012, 132, 682. 
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Understanding the possible distortions — static and dynamic — of a particular system is 

crucial to understanding its properties and behaviour. In structures composed of connected 
polyhedra, rigid-unit modes (RUMs) often play an important role in the low-energy phonon spectrum. 
In ABX3 perovskites, the only possible RUM is the well-known octahedral tilting,1 which may also act 
as a driving force for displacive phase transitions, as described by Landau and soft-mode theory.  

In addition to inorganic perovskites, there are a vast number of different molecular perovskite 
analogues. Here, the B-site cations are linked by molecular anions on the X-site and the A-site cation 
may be inorganic or molecular. The presence of polyatomic anions as linkers between the octahedral 
units enables RUMs unfeasible in conventional perovskites: Γ-point octahedral tilting 
(“unconventional tilting”)2 and correlated translations of octahedral columns (“columnar shifts”).3 We 
present an overview of the latter, focusing on its effect on crystal symmetry. 

Although columnar shifts are inherently non-polar, they may be combined with tilts to yield a 
polar secondary order parameter, so-called hybrid improper ferroelectricity.3 This is observed in the 
metal-formate framework (NH2NH3)Mn(HCOO)3, which undergoes a phase transition from Pnma to 
the polar space group Pna21 upon cooling.4  The polarization arises from the dipolar order of the 
NH2NH3 cations, which in turn is caused by the activation of the X-point columnar shift. 

Figure 1. Top: Rigid unit modes in molecular perovskites; (a) conventional tilting, (b) 

unconventional tilting and (c) columnar shifts. Bottom: the ferroelectric phase transition in 
(NH2NH3)Mn(HCOO)3. 

 
1. A. M. Glazer, Acta Cryst. B, 1972, 28, 3384–3392. 
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3. H. L. B. Boström, J. A. Hill and A. L. Goodwin, Phys. Chem. Chem. Phys.,2016, 18, 31881–
31894. 
3. S. Chen, R. Shang, K.-L. Hu, Z.-M. Wang and S. Gao, Inorg. Chem. Front., 2014, 1, 83–98. 
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The advent of solid-state batteries has sparked a rise in the interest in lithium conducting solid 
electrolytes, especially lithium thiophosphates. These materials are intrinsically soft in nature, which 
has always been believed to be beneficial for ionic transport. It is generally assumed that ion 
transport comes with lower activation barriers in softer, more polarizable lattices. Within a highly 
polarizable lattice, the anions can be displaced more easily and the energetic cost for moving an ion 
is much smaller. This chemical intuition has been corroborated by the existence of good conduction 
in materials possessing iodine or sulfide anions, relative to the stiffer and less polarizable oxides. 
 
Here, we demonstrate direct experimental correlations between lattice softness and ionic transport 
in an Li+ conducting material. A series of solid solutions with tunable lattice polarizability will be 
presented in which no changes to the diffusion pathways can be observed, yet significant changes 
in the ionic transport occur due to a softening of the lattice. With decreasing bond-strength (i.e. 
increasing polarizability), the activation barriers indeed decrease as expected. However, the 
increasing softness of the lattice detrimentally affects the Arrhenius pre-factor preventing a higher 
conductivity with increasing lattice polarizability. These data show that the current belief of, “the 
softer, the better” needs to be revisited. 
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In operando diffraction methods are widely employed to qualitatively follow the reaction progression 
in operating battery electrodes. However, performing thorough structural analysis with the aim of 
understanding the origins of battery performance during electrochemical cycling is significantly less 
common. There exists a unique opportunity to further exploit in operando diffraction to extract 
detailed information on the dynamic changes taking place to the electrode materials during battery 
operation. With careful experimental design, in operando methods provide a unique perspective on 
understanding the electrochemical processes in electrode materials. Tracking the rate of phase 
conversion throughout a battery electrode, for example, provides insight into the competing sources 
of resistance in an electrode under different cycling conditions. Further, subtleties in the 
electrochemical reaction of battery electrodes, such as differences in structural changes between 
lithium insertion and extraction from a host material, can be identified. 
 
By changing the focus from simple phase identification towards more detailed structural analyses, 
in operando neutron diffraction becomes increasingly attractive. While there has been rapidly 
growing interest in performing in operando neutron diffraction experiments for lithium ion batteries, 
it remains a relatively inaccessible technique due to the difficulty of preparing custom cells with 
adequate electrochemical performance. Multiple custom cells inspired by commercial cell designs 
have been investigated within our group with the aim of fine tuning the electrochemical performance 
while maintaining high quality diffraction data for Rietveld analysis. Using LiFePO4, LiNi0.5Mn1.5O4 

and LiFeSO4F as case study materials, this contribution will focus on investigations of 
electrochemical properties of battery electrodes using the dynamic structural response taking place 
during cell operation.  
  

 
Figure 1: Contour plot of the first discharge of LiFePO4 in a coin cell showing the two phase 

conversion reaction. 
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Understanding how electrolyte formulation impacts the energetics and kinetics of ion-
coupled electron transfer reactions; and the formation mechanisms of solid electrolyte 
interphase (SEI) at electrode/electrolyte interfaces for rechargeable batteries will be 
crucial in taking the next step from small-scale (portable electronics) to medium- and 
large-scale (electric vehicles and grid storage) electrical energy storage devices. In this 
presentation a series of spectro-electrochemical studies of a variety of Li+ and Na+ salts 
in common solvents at various concentrations will be discussed in relation to their 
influence upon model electrode materials (Si, TiO2, LiMn2O4, LiCoO2). Raman 
spectroscopy studies of the electrolytes demonstrate a broadened background is often 
attributed to fluorescence arising from degraded electrolyte products (SEI). Yet, we 
recently proposed an alternative interpretation, that the broaden background results from 
anharmonic coupling of high and low energy vibrational modes that occurs within a 
solvated ion network.1  Our results suggest that concentration, anion identity and degree 
of cation solvation all influence the degree of interaction such influencing the kinetics for 
formation of compositionally distinct SEI layers and in the measured charge transfer 
kinetics and diffusional properties at various electrode materials.2-5 These results are 
intriguing beyond a fundamental level as extended solute-solvent structure may play a 
key role in the design of advanced rechargeable metal-ion batteries with higher energy- 
and power-densities and improved stability.  
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27(16), 5531-5542. 
 
3.  Charlton, M. R., Dylla, A. G.; Stevenson, K. J. “Direct Evidence of a Chemical 
Conversion Mechanism of Atomic Layer Deposited TiO2 Anodes During Lithiation using 
LiPF6 Salt,” J. Phys. Chem. C 2015, 119(51), 28285-28291. 
 
4.  Sina, M.; Alvarado, J.; Shobukawa, H.; Alexander, C.; Manichev, S.; Gustafsson, 
T.; Stevenson, K. J.; Meng, Y. S. “Direct Visualization of the Solid Electrolyte Interphase 
and its Effects on Silicon Electrochemical Performance,” Adv. Mater. Inter. 2017, 3 (20) 
DOI: 10.1002/admi.201600438. 
 
5.  Nikitina, V. A.; Zakharkin, M. V.; Vassiliev, S. Yu.; Yashina, L. V.; Antipov, E. V.; 
Stevenson, K. J. “Lithium-ion Coupled Electron Transfer Rates in Superconcentrated 
Electrolytes: Exploring the Bottlenecks for Fast Charge Transfer Rates with LMO Cathode 
Materials,” Langmuir, accepted DOI: 10.1021/acs.langmuir.7b01016. 
  



Development of potential solid-electrolyte and electrode materials for all-solid-
state lithium ion battery 

 

Oral contribution 
 

Hany El-Shinawi 1, Edmund J. Cussen 2, Serena A. Corr1 

 
1School of Chemistry, University of Glasgow, Glasgow, G12 8QQ, Scotland 

2Department of Pure and Applied Chemistry, University of Strathclyde, Glasgow G1 1XL, 
Scotland 

 
 

Email:Hany.el-shinawi@glasgow.ac.uk 

 
The development of next-generation lithium batteries with improved safety for use 

in portable electronic devices, and with high specific energies for use in electric vehicles 
and smart grid storage systems, is attracting growing interest in the research community. 
The use of Li+ solid electrolytes in battery configurations such as all-solid-state batteries 
and hybrid Li-S and Li-O2 batteries is a promising approach to achieve these goals.  

Lithium-stuffed garnets (e.g. Li7La3Zr2O12) and NASICON-type ceramics (e.g. 
LiZr2(PO4)3) are potential candidates for use as Li+ solid electrolytes. Here we describe 
promising synthetic approaches to prepare and densify these materials. To avoid 
conventional unreliable/time-consuming synthesis of Al-doped Li7La3Zr2O12, we have 
developed a hybrid sol-gel solid-state procedure1 in which sol-gel processed solid 
precursors of Li7La3Zr2O12 and Al2O3 nanosheets are simply mixed using a pestle and 
mortar and allowed to react at 1100 °C for 3 h to produce dense cubic phases. Using this 
approach, fast-ion conducting phases with the lowest reported Al3+-content (0.12 mole 
pfu), bulk conductivities up to 0.6 mS and ion conduction activation energies as low as 
0.27 eV, have been successfully achieved. A novel sol-gel synthetic strategy has also 
been developed to prepare Ca-doped Li7-xLa3Zr2-xTaxO12 phases. We show that the ionic 
conductivity of Li6.4La3Zr1.4Ta0.6O12 is increased by a factor of four by addition of 0.2 mole 
Ca per formula unit. We also present a simple synthetic approach to effectively improve 
the sinterability of NASICON-type LiZr2(PO4)3. Relatively dense ceramics have been 
successfully prepared, which enabled the characterization of the material for all-solid-state 
battery applications. Finally, a novel synthetic approach is employed to prepare 
Li2S/Li3PS4/C nanocomposites which showed excellent discharge/charge profile in all-
solid-state batteries based on Li3PS4 solid-electrolyte.   

 
 
 
1. H. El-Shinawi, G. Paterson, D. MacLaren, E. Cussen, S. Corr, J. Mater. Chem. A, 

2017,5, 319. 
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Energy storage materials represent one of the most important research topics 

today and the focus is on solid-state rechargeable batteries, as a result of their relative 
safe use and long-life expectancy. Presently, Li-batteries receive most attention because 
of their high energy capacity per weight. Although the demand for more efficient batteries 
in mobile technologies steadily grows, our stand-point is almost 15 years old concerning 
the battery cathode, so the present call in 2017 is the development of new electrode 
materials. Today, we use advanced Li-battery cathode materials like olivine type 
Li1xFePO4, delafossite structured Li1xTMO2 (TM = Co, Mn), and spinel Li1+xMn2O4. In 
these materials, the formal charge of Fe (Co or Mn) varies on changing the Li amount (x). 
To readily extract and insert Li+ ions, the host-lattices have to allow for cation migration: 
Li1xFePO4 has Li+-filled 1-D tunnels, Li1xCoO2 has a 2-D layer-like crystal structure where 
loosely bound Li+ ions are sandwiched between two adjacent CoO2-layers, and Li1+xMn2O4 
is a 3-D structure where x Li+ enters interstitial sites. Li1xFePO4 is cheap and non-
hazardous to nature but the Li migration is hampered by Li-Fe disorder, which lowers 
battery life-times and charge/discharge rates. Li1xCoO2 can be charged/discharged at 
high rates but is relatively expensive due to limited resources of Co, a metal that is also 
considered to be environmentally unfriendly. Li1+xMn2O4 is also inexpensive and work at 
high charging rates but the required working voltage causes irreversible deterioration of 
battery parts that shortens the battery life-time. In solid-state anti-structures, anions and 
cations have literally switched places: this way is classic perovskite SrTiO3 inversely 
related to anti-perovskites, like superionic conductors Ag3SI, Li3BrO, and Li3ClO. Recently, 
a new type of cation vacancy ordered anti-perovskite, (Fe2)SeO ( = vacancy),1 was 
discovered that contains anion ordering of O2 and Se2. Given the fact that Br, as in 
Li3BrO, has a similar ionic size as Se2, new Li-battery cathode materials were 
discovered.2 Here, we present this novel series of anti-perovskite compounds together 
with their fundamental properties and outstanding performance as Li-battery cathode 
materials (Fig.1).  

 
Figure 1: The charging/discharging of a battery with an anti-perovskite cathode and graphite anode. 

1. M. Valldor, T. Wright, A. Fitch and Yu. Prots, Angew. Chem., Int. Ed., 2016, 55, 9380. 

2. K. T. Lai, I. Antonyshyn, Yu. Prots and M. Valldor, submitted, 2017. 
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Over the past few decades rise in energy applications resulted in a high demand for new 
energy storage technologies. In this regard, most of the attention was paid to Li Ion 
Batteries (LIBs) since Li is the most electropositive metal in the periodic table. Only limited 
efforts were devoted to Fluoride Ion Batteries (FIBs) using F- as the most stable and mobile 
anionic charge carrier, although theoretical calculations 1 predict that FIBs could compete 
with LIBs in terms of theoretical volumetric energy density. 
 
Previous studies in the field of FIBs 2 were based on conversion type reactions for the 
electrode materials (transformation of metals to the respective metal fluorides and vice 
versa). In LIBs intercalation based cathode materials are known for their better cyclability, 
reversibility, cell kinetics, reduced overpotentials, and higher voltages compared to 
conversion type cathodes 3. Therefore, it is plausible to assume that an intercalation based 
system could also improve some essential performance aspects of FIBs. 
 
Based on chemical fluorination studies, K2NiF4-type compounds (AxA’2-x)MO4 (A, A’: La, 
Sr, Ba; M: Mn, Co, Fe) are known to intercalate large amounts of fluoride ions up to a 
composition of A2MO4 

4 (see Figure 2). In this study intercalation and de-intercalation of F- 
ions via an electrochemical method (see Figure 2b for the cell setup) is compared for the 
compounds LaSrMnO4 5, La2CoO4, and LaSrFeO4. It will be shown that the cell 
performance is impacted by a variety of parameters which can be optimized for the 
respective battery application of such cells, and we will demonstrate that those materials 
have promising potential to work as high voltage cathodes for FIBs with high capacities. 
 

 
Figure 2: a) Structures of LaSrMnO4(F2-δ), b) Schematic setup of the electrochemical charging cell. 

 
1. F. Gschwind; G. Rodriguez-Garcia; D. J. S. Sandbeck; A. Gross; M. Weil; M. Fichtner; N. Hörmann, J Fluorine Chem, 

2016, 182, 76. 
2. M. Anji Reddy; M. Fichtner, J Mater Chem, 2011, 21, (43), 17059. 
3. N. Nitta; F. Wu; J. T. Lee; G. Yushin, Mater Today, 2015, 18, (5), 252. 
4. O. Clemens; P. R. Slater, Reviews in Inorganic Chemistry, 2013, 33, (2-3), 105. 
5. M. A. Nowroozi; K. Wissel; J. Rohrer; A. R. Munnangi; O. Clemens, Chem Mater, 2017, 29, 3441. 
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The oxide systems based on the rare earth elements (Ln), alkali earth metals (M) 

and 3d-transition metals (T) characterized by the formation of perovskite-type oxides that 
included ideal or distorted structures, disordered or ordered crystal lattice and 
Ruddlesden-Popper series oxides (Ln,M)n+1TnO3n+1. The appearance of the particular 
types of oxides and homogeneity ranges of solid solutions are significantly depended on 
the nature of metallic components and their ratio. The latter is also closely linked with the 
oxygen content and preferable oxidation state of 3d-transition metal. Wide variety of 
disordered and ordered perovskite phases and Ruddlesden Popper oxides with various 
homogeneity ranges have formed within the row of oxide systems where Ln = La, Nd, Sm, 
Gd, Y; M = Ca, Sr, Ba and T = Fe, Co. 

 
A comparison of phase diagrams for the Ln2O3 – MO – TO (T2O3) systems (Ln = 

La, Nd, Sm, Gd, Y; M = Ca, Sr, Ba and T = Fe, Co), partly reported in our recent works1-6 
and new results allow illustrating a regular variation of phases formed inside the systems. 
For example, the formation of double, triple or quintuple perovskites representing the 
cation ordering accompanied with the oxygen vacancy ordering. Other examples illustrate 
the formation of Ruddlesden-Popper series oxides within the specific homogeneity ranges 
in the studied systems. 
 
1. T. V. Aksenova, T. G. Efimova, O. I. Lebedev, Sh. I. Elkalashy, A. S. Urusova, and V. 

A. Cherepanov, J. Solid State Chem., 2017, 248, 183. 
2. A. S. Urusova, A. V. Bryuzgina, M. Yu. Mychinko, N. E. Mordvinova, O. I. Lebedev, V. 

Caignaert, E. A. Kiselev, T. V. Aksenova and V. A. Cherepanov, J. Alloys Compd., 
2017, 694, 375. 

3. N. E. Volkova, A. S. Urusova, L. Ya. Gavrilova, A. V. Bryuzgina, K. M. Deryabina, M. 
Yu. Mychinko, O. I. Lebedev, B. Raveau, V. A. Cherepanov, Russ. J. Gen. Chem., 
2016, 86, 1800. 
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Polyhedra are prevalent in chemistry; we seek to rationalise structures in terms of 

tetrahedra, octahedra and other regular shapes. Indeed, many structure-property 
relationships can be described in terms of interactions between rigid coordination spheres, 
such as perovskite phase transitions and negative thermal expansion. Often, however, 
polyhedra are not rigid instead displaying some degree of distortion; analysing this can be 
difficult, particularly if the polyhedron shows deviations in terms of both bond lengths and 
angles. These distortions can give rise to complex electronic and structural effects, 
resulting in useful materials. While local symmetry mode analysis can give a 
comprehensive structural picture in many cases, it is often difficult to interpret if multiple 
distortion modes act cooperatively. Alternatively, continuous shape measures1 can be 
used to quantify deviations from a reference polyhedron, but this reference is not always 
trivial to define. Here, we present a much simpler measure of polyhedron distortion, based 
on the fitting of ellipsoids to coordination environments. 

We have applied this new general method to a range of metal oxide materials, 
revealing new insights into their properties; from a switching bistability in symmetry-
disallowed perovskite phase transitions to a weak off-centre ‘d5-effect’  for Fe3+ ions, that 
could potentially be exploited in multiferroic materials.2 We have implemented the method 
in the python package PIEFACE. 

While the method has currently been applied to metal oxides, it could easily be 
generalised to other materials that obey a polyhedral description, including coordination 
complexes, framework materials and organic molecules. 

 
Figure 1: Ellipsoidal fits to two distorted octahedra; tetragonally elongated (left) and 

trigonally distorted (right). 
 
1. S. Alvarez et al., Coord. Chem. Rev., 2005, 249, 1693. 
2. J. Cumby and J. P. Attfield, Nature Commun., 2017, 8, 14235. 
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Sodium niobates perovskites are attracting interest as piezoelectric materials1,2 and capacitors.3 
NaNbO3 shows a strong polymorphism in respect to temperature, with eight structures derived from 
the ideal perovskite stacking4 and in particular a “polar phase” crystallizing in the P21ma space 
group.5 At room temperature, NaNbO3 is commonly described in the Pbma space group, with tilts 
of the NbO6 octahedra compared to the ideal cubic phase. Perovskites can accommodate strong 
distortions resulting for instance from substitution or partial reduction in the Nb site. In the case of 
Ti(IV) substituting Nb(V), the framework relaxes and tends to Pm-3m when Ti content increases, in 
accordance with the variation of the Goldschmidt tolerance factor.6 The electronic properties of 
sodium niobates with mixed valence Nb(IV,V) have never been studied to our knowledge, on the 
contrary to a large number of other mixed niobium oxides.7 Two parameters are critical for semi-
conductor to metal transitions in these compounds: (i) the overlapping of Nb and O orbitals related 
to the Nb-O-Nb angle (ii) the Nb(IV)/Nb(V) balance, which can be tuned by substitution for divalent 
and trivalent cations or vacancies in the sodium site.  The present work is mainly focused on the 
electronic/polaronic properties of NaNbO3-x obtained from NaNbO3 in reducing conditions. The 
effect of Nb substitution for Ti on electrical conductivity is also investigated. NaNb1-xTixO3-0.5x (0 ≤ x 
≤ 0.25) are synthetized using an original hydrothermal synthesis using Nb2O5 as niobium precursor 
and caustic soda.8 Both the partial reduction of the transition metal centers and the densification 
are operated in a single step using the Spark Plasma Sintering technique, leading to dense blue-
colored ceramics. The non-stoichiometric phases can also be obtained under reducing 
atmospheres. The quantification of the reduced 
centers is evaluated by Electron-Spin Resonance. 
Structural modifications of the reduced phases are 
described. In situ UV-visible absorption coupled with in 
situ XRD shows that reoxidation occurs even in low 
p(O2) at the temperatures corresponding to transition 
of NaNbO3 into the cubic phase at around 610 °C. 
Accordingly, conduction carriers switches from 
polarons in NaNbO3-x in argon at temperatures below 
600 °C to ions in NaNbO3 at higher temperatures and 
in oxidizing conditions.9  
1. Ringgaard, E.; Wurlitzer, T. J. Eur. Ceram. Soc. 2005, 
25 (12), 2701. 
2. Wu, J.; Xiao, D.; Zhu, J. J. Mater. Sci. Mater. Electron. 
2015, 26 (12), 9297. 
3. Rangarajan, B.; Jones, B.; Shrout, T.; Lanagan, M. J. 
Am. Ceram. Soc. 2007, 90 (3), 784. 
4. Mishra, S. K.; Mittal, R.; Pomjakushin, V. Y.; Chaplot, S. L. Phys. Rev. B 2011, 83 (13), 134105. 
5. Johnston, K..; Tang, C..; Parker, J.; Knight, K.; Lightfoot, P.; Ashbrook, S. JACS 2010, 10, 8732. 
6. Xu, H.; Su, Y.; Balmer, M. Lou; Navrotsky, A. Chem. Mater. 2003, 15, 1872. 
7. D’yachenko, O. G.; Istomin, S. Y.; Abakumov, A. M.; Antipov, E. V. Inorg. Mater. 2000, 36 (3), 247. 
8. Handoko, A. D.; Goh, G. K. L. Green Chem. 2010, 12, 680. 
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Figure: switch of conduction mode and parallel oxidation 
of NaNbO3-x with temperature. Starting with the blue 
pellet, the conductivity was measured under argon for 
increasing T and under air for decreasing T. After the 
experiment, the pellet has turned white. 
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B-site ordered double perovskites can have novel magnetic ground states. Sr2CuTeO6 and 

Sr2CuWO6 are double perovskites with a magnetic Cu2+ (S=1/2) and a hexavalent diamagnetic 
cation (Te6+/W6+) on the B’ and B’’ sites, respectively. A Jahn-Teller distortion with orbital ordering 
result in highly two-dimensional magnetic interactions with a square Cu2+ lattice. Both materials are 
well described by the S=1/2 Heisenberg square-lattice model with two interactions: the nearest-
neighbor J1 and next-nearest neighbor J2 (diagonal). In Sr2CuTeO6 the nearest-neighbor J1 
interaction dominates resulting in Néel antiferromagnetic order (Fig. 1), whereas in Sr2CuWO6 the 
strong next-nearest neighbor J2 interaction results in columnar antiferromagnetic ordering. Thus, 
the choice of the diamagnetic B’’-cation greatly affects the magnetic interactions. This is due to 
differences in Te/W orbital hybridization and thus exchange paths in the materials.1-3 

Here we report on the magnetic properties of the solid solution Sr2CuTe0.5W0.5O6 prepared 
by conventional solid state synthesis. The material is isostructural with the end members and has 
the tetragonal space group I4/m. Tellurium and tungsten are statistically distributed on the B’’-site, 
and thus the exchange pathways between the Cu2+ cations become random increasing magnetic 
frustration. DC magnetic susceptibility χ displays a broad maximum characterized by Tmax and χmax 
in all three compounds due to the highly two-dimensional nature of the magnetic interactions. In 
Sr2CuTe0.5W0.5O6 Tmax is suppressed and χmax enhanced compared to the end members suggesting 
increased frustration. Muon spin relaxation measurements reveal that 3d magnetic ordering is 
suppressed in Sr2CuTe0.5W0.5O6 and does not occur down to the lowest temperature measured 1.6 
K. In contrast 3d ordering occurs at TN = 28 K and 24 K for Sr2CuTeO6 and Sr2CuWO6, respectively. 
Heat capacity measurements reveal a significant electronic contribution γ at low temperatures in 
Sr2CuTe0.5W0.5O6 but not the end members. This is unexpected considering that all the compounds 
are insulators. These experimental findings are consistent with Sr2CuTe0.5W0.5O6 being a gapless 
quantum spin liquid. Inelastic neutron scattering and density functional theory results are also 
discussed. 

Figure 1: Magnetic ordering in Sr2CuTeO6 (Néel type) and Sr2CuWO6 (columnar). 
1. P. Babkevich et al., Phys. Rev. Lett., 2016, 117, 237203. 
2. H.C. Walker et al., Phys. Rev. B, 2016, 94, 64411. 
3. T. Koga et al., Phys. Rev. B, 2016, 93, 54426. 
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A relaxor ferroelectric consists of many polar nanoregions that only give rise to a 

net electric dipole moment when the polar nanoregions are co-aligned using an external 
electric field. In the double perovskite La3Ni2SbO9 we found the magnetic equivalent of a 
relaxor ferroelectric as long-range magnetic order only occurs on the application of a 
magnetic field1,2. In our quest to understand what factors are key in determining whether 
relaxor ferromagnetism occurs we have synthesised a series of Cr-containing AA’2Cr2BO9 
perovskites. This was to enable us to study the effect on the magnetic properties of 
changing the superexchange pathway from being σ-mediated in La3Ni2SbO9 to being π-
mediated in A2A’Cr2BO9. Here we present the results of powder x-ray and neutron 
diffraction, electron microscopy and SQUID magnetometry measurements on 
LaSr2Cr2SbO9

3 and PrSr2Cr2BO9 (B=Sb, Ta, Nb). Both LaSr2Cr2SbO9 and PrSr2Cr2SbO9 
appear to order ferrimagnetically below ~150 K whereas PrSr2Cr2NbO9 and PrSr2Cr2TaO9 
display magnetic properties more akin to a spin glass with two magnetic transitions evident 
at 150 K and 20 K.   

 
 

 
Figure 1: Magnetic field dependence of the magnetisation per formula unit of 

PrSr2Cr2SbO9 at 5 K (red), 50 K (blue) and 250 K (black).  
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Although the mechanisms involved for their multiferroicity (MF) are different, a strong 
analogy exists between the structural features of layered rare-earth manganites RMnO3 
(R=Y, Sc, In, Ho...Lu) and layered rare-earth ferrites RFe2O4 (R = Y, In, Ho…Lu). They 
are both formed of [RO2] Cd-I2 like layers sandwiched between simple layers of corner-
sharing trigonal bipyramidal (TBP) Mn3+ or double layers of TBP Fe2/3+ cations both in 
similar triangular arrangements1. Given this structural resemblance, the labile anionic 
stoichiometry reported in both types leads to an extended playground to reach modified 
polymorphs with new emerging properties. We have recently evidenced the ultimate 
transformation of YMn3+O3 into YMn2+O2

2 by ammono-assisted reduction, which reveals a 
disordered composite structure between [YMn2+O2+x](1-2x)+ and [YMn2+O3-x](1+2x)- blocks 
containing versatile Mn2+ coordinations while only weak oxygen sub-stoichiometry was 
reported in the ferrites. At the oxidation side, the analogy between RMnO3 and RFe2O4 is 
pronounced since both forms are known to admit a significant amount of interstitial anions 
although the structural mechanisms is far to be understood despite a large amount of 
dedicated works. We have investigated in details the structural aspect of the oxidation of 
YbFe2O4 into YbFe2O4.5 similar to preliminary results on the LuFe2O4+x system3. The 
fascinating crystal chemistry (and related ones) of these systems upon reduction and 
oxidation will be described and rationalized for a global vision of these giant anion-labile 
systems where stacking, destacking and restacking drive the oxygen (de)incorporation 4. 

Figure 1: Topotactic transformation and stacking changes along: a) the reduction of 
YMnO3 (trigonal bipyramid Mn3+  tetrahedral Mn2+) b) the oxidation of AFe2O4 

leading to a modulated distribution of trigonal bipyramids, square pyramids, 
octahedra and tetrahedra (interstitial oxygen ions are in black). 

 
1. M. Isobe et al., Acta Crystallogr. Sect. C 1990, 46, 1917. 
2. H. Kabbour et al.,  Chem. Mater. submitted 2017. 
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4. S. Nicoud et al. JACS,  submitted  2017. 
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Na2W3TeO12∙2H2O, (NH4)2W3TeO12 and Tl2W3TeO12 compounds have been 

synthesized by hydrothermal method. They crystallize in polar P31c and P63 space groups 
and their crystal structures contain hexagonal-tungsten-oxide (HTO) related (W3TeO12)2- 
anionic layers, which are interleaved with sodium, ammonium and thallium ions. Three-
dimensional structure was obtained for Tl2W3TeO12 compound, when it was prepared by 
solid state reaction at high temperature in open air. Tellurium is pyramidally bonded to 
oxygen atoms of HTO related W3O12 layers, in both intra and inter layer bonding fashion. 

Cs2W3SeO12, Rb2W3SeO12 and Tl2W3SeO12 compounds have been obtained by 
solid state method. They crystallize in polar P63 and Pna21 space groups. Cesium and 
rubidium compounds have similar HTO related layered structure. Tl2W3SeO12 compound 
has a three-dimensional (W3SeO12)2- anionic framework, in which Se4+ is pyramidally 
bonded to oxygen atoms of HTO related W3O12 layers, in inter-layer bonding fashion. 
These non-centrosymmetric tungsto-tellurites and selenites, similar to the analogues 
reported in the literature1-3, exhibit powder SHG responses. 

 

 

 

 
 
 
 

Figure 1. Polyhedral representation of (left) unit cell structure of 
Na2W3TeO12·2H2O viewed along [110] and (right) a segment of 
(W3TeO12)2- layer viewed along [001]. 
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In the past ~17 years, salts with the tetracyanidoborate anion, [B(CN)4]−, have been a substance 
class which has attracted increasing attention with respect to chemical, structural, and materials 
properties. The fact, that this anion is relatively large, chemically robust, and weakly coordinating, 
facilitates the possibility to stabilise unusual cations and their use as ionic liquids. They show large 
electrochemical windows and low viscosities and hence enable the application in solar cells,1 as 
components of membranes,2 and battery electrolytes,3 what explains a high industrial interest in 
this class of compounds. Tetracyanidoborate salts with Lewis acidic metal cations often have 
extended structures. In this field, especially anhydrous tetracyanidoborates are appealing, because 
their structures might possess significantly large voids potentially suitable for applications, e. g. gas 
absorption. However, to prepare crystalline material of anhydrous and solvent-free bi- or trivalent 
metal tetracyanidoborates seems rather complicated, only one example has been reported so far, 
which has been characterised by infrared spectroscopy only.4 We have investigated and elaborated 
two synthetic routes to solve this problem. The use of trimethylsilyl cyanide, (CH3)3SiCN, as a drying 
agent applied to [Sr(H2O)2][B(CN)4]2, successfully led to the formation of anhydrous Sr[B(CN)4]2. 
This compound crystallises in the cubic CaF2 structure type (space group Fm3m, no. 225) with the 
cell parameter a = 12.487(2) Å and a cell volume of 1947.0(9) Å3. Likewise, an azeotropic distillation 
with pyridine as entraining agent, utilising the boiling point of the water–pyridine azeotrope of 92.6 
°C, gave the same anhydrous product as described above. However, both for [Mg(H2O)2][B(CN)4]2 
and  Ca(H2O)2][B(CN)4]2 the attempt with trimethylsilyl cyanide did not yield satisfactory results yet, 
because the compounds often polymerise out, other products do not seem to be crystalline. During 
an azeotropic distillation of [Mg(H2O)2][B(CN)4]2 we obtained crystals of a new compound 
[Mg(H2O)4(Py)2][B(CN)4]2 ⋅ H2O instead of the anhydrous material, possibly due to the lower atom 
radius of Mg compared to Sr, impeding the formation of a four-fold coordination around the metal 
cation. The yet interesting compound has a monoclinic crystal structure (space group C2/c, no. 15, 
a = 18.143(4) Å, b = 8.969(2) Å, c = 17.332(3) Å, β = 95.32(1)°, V = 2808.0(17) Å3). Figure 1 shows 
the crystal structures of both new compounds. 

 
Figure 1: (a) View of cubic structure of Sr[B(CN)4]2 along c axis; (b) representation of structure of 

[Mg(H2O)4(Py)2][B(CN)4]2⋅H2O along [110] direction, octahedral coordination of Mg sites & tetrahedral [B(CN)4]− anions 

highlighted with polyhedra, hydrogen atoms & additional water molecules omitted for clarity. 
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Most studies of the occurrence of long-range magnetic ordering in inorganic compounds 
have focussed on mixed-metal oxides. The dominant superexchange pathway in these 
materials is usually M – O – M’, where M and M’ are transition-metal cations. [1] However, 
some oxo-acid salts are also found to be magnetic materials. The superexchange pathway 
in these salts is typically M – O – X – O – M’, where X is a non-metal or a transition-metal 
cation with a d0 or d10 electron configuration. The extended superexchange pathway, 
sometimes referred to as the super-superexchange pathway, usually leads to relatively 
low transition temperatures and complicated magnetic structures. [2]  
CeMn2-xCoxGe4O12 [3] and ZrMn2-xCoxGe4O12 are two series of compounds crystalizing in 
space group P4/nbm with a ~ 9.8 Å, c ~ 4.8 Å. CeMn2-xCoxGe4O12 compounds become 
antiferromagnetic (x = 0.0, 1.5, 2.0) or weakly ferromagnetic (x = 0.5, 1.0) at 4.2 ≤ T/K ≤ 
7.6. The ordered moments lie along [001] when x = 0.0 and in the (001) plane otherwise. 
The unit cell doubles along [001] when x = 1.5 and 2.0 order antiferromagnetically but the 
doubling is lost when first-order metamagnetic transition occurs at a 1 T external magnetic 
field. ZrMn2-xCoxGe4O12 compounds are antiferromagnetic when x = 0.0 and ferromagnetic 
otherwise at 2 ≤ T/K ≤ 10. For x = 0.0 and 1.0, they have the same magnetic structure as 
in the Ce series while x = 2.0 has the same magnetic structure that CeCo2Ge4O12 adopts 
in high field. 

  
 Figure 1. Field dependence of the magnetisation of CeMn2-xCoxGe4O12 (left) and ZrMn2-

xCoxGe4O12 (right)  
 
[1] J. Yamashita, and J. Kondo, Phys. Rev., 1958, 109, 730-741.  
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(Oxo)nitridosilicates are highly fascinating compounds due to their great structural 

diversity and high potential for application in phosphor converted LEDs. In recent years, 
LEDs have been replacing incandescent light bulbs and fluorescent tubes due to longer 
lifetime, improved sustainability and higher efficiency. However, presently used phosphor 
converted white light LEDs using the yellow emitting phosphor YAG:Ce3+ on blue emitting 
(In,Ga)N-LEDs generate cool white light due to the lack of red components. To improve 
emission of these LEDs to illumination grade quality, there is a strong demand for orange-
red emitting phosphors.1,2 Due to the high covalence of activator-nitrogen bonds, many 
nitrido(alumo)silicates show emission in the red spectral region. Prominent examples are 
(Ba,Sr)2Si5N8:Eu2+ and (Sr,Ca)AlSiN3:Eu2+ as well as narrow-band emitting 
Sr[Mg3SiN4]:Eu2+ and SrLiAl3N4:Eu2+.3-6 

 
Here, we report on the novel oxonitridosilicate oxide Y26Ba6[Si22O19N36]O16:Eu2+, 

synthesized by reacting YF3, Y2O3, BaH2, “Si(NH)2” and EuF3 at 1500 °C in a 
radiofrequency furnace. The crystal structure [Pm (no. 6), a = 16.4285(8), b = 20.8423(9), 
c = 16.9257(8) Å, β = 119.006(3)°, V = 5068.6(4) Å3, Z = 3] was solved and refined from 
single-crystal X-ray data and confirmed by Rietveld refinement. The structure is 
characterized by intriguing [Si22O19N36]58−-layers composed of corner-sharing Si-(O/N)4 
tetrahedra, forming three types of rather similar cages. The resulting threefold 
superstructure as well as pronounced pseudosymmetry impeded the crystal structure 
elucidation.7 

 
Next to the unique crystal structure, Y26Ba6[Si22O19N36]O16:Eu2+ shows orange-red 

luminescence (λem = 628 nm, fwhm = 125 nm / 3130 cm−1) when excited with UV to blue 
light. Because of the very large Stokes Shift of over 9000 cm−1 (~1.1 eV) we argue that 
the observed emission is not the usual Eu2+ 4f65d14f7 transition but anomalous 
luminescence (trapped-exciton emission).8 The optical band gap of the material is 
~4.6 eV. 
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For several systems TM/P/O (e.g. TM: Ti, V, Nb, Mo, W) the equilibrium relations have 
been investigated over the last decades [1, 2]. For systems RE/P/O containing the redox-active 
rare-earth metals cerium, samarium, or europium no such information is available. Here, we present 
the results of a phase diagram study for the system europium/phosphorus/oxygen. In the ternary 
system Eu/P/O the anhydrous phosphates EuII3(PO4)2 [3], EuII,III4(PO4)3 [4, this work], EuIII3O3(PO4) 
[5, 6, this work], EuIIIPO4 [7], EuIII(PO3)3 [8, 9, this work], and EuIIIP5O14 [10] exist at equilibrium 
conditions. A structure model for EuII,III4(PO4)3 (Eulytite structure family, Fdd2, Z = 24, a = 14.298(1) 
Å, b = 42.123(3) Å, c = 10.3887(9) Å) is proposed. The results of single-crystal X-ray diffraction 
studies on EuII,III10(PO4)6Ox, EuIII3O3(PO4), and ht-EuIII(PO3)3 are reported. The crystal structures of 
the thermodynamically metastable phases EuIII2P4O13 (isotypic to YIII2P4O13 [11]) and lt-EuIII(PO3)3 
(isotypic to lt-GdIII(PO3)3 [12]) were refined from XRPD data. According to our investigation for the 
phosphide oxide “EuII4P2O” [13] an europium deficiency has to be assumed according to “EuII,III4–

xP2O”. Figure 1 summarizes the equilibrium relations. They show a subtle balance between the 
redox couples Eu2+/Eu3+ and P4(g)/P5+. Quite interestingly, with EuII3(PO4)2 only one of the 
anhydrous phosphates known of Sr2+ is matched by an isotypic europium(II) phosphate. All other 
compositions that might be derived from the corresponding strontium phosphates (e.g. SrII2P2O7 
[14], SrII(PO3)2 [15]) are unstable with respect to disproportionation to europium(III) phosphates and 
P4(g). 

Figure 1: Solid equilibrium phases “” and equilibrium relations in the system Eu/P/O at 1000 °C. Compounds known in 
the system, however, not occurring as equilibrium solids are indicated by “” and grey lettering. 
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Electronic ordering in the ground states of transition metal oxides gives rise to a 

diverse range of physical and magnetic properties, and investigating structure-property 
relationships in these materials is of both fundamental interest and technological 
importance. In certain systems, orbital ordering results in metal-metal bonding and the 
formation of clusters, called orbital molecules, below the ordering temperature1. Significant 
examples of orbital molecules include the three atom trimerons formed below the Verwey 
transition in magnetite2, and seven atom heptamers found in AlV2O4

3. 
 

We have recently synthesised GaV2O4, a new orbital molecule material. High 
resolution neutron and synchrotron powder diffraction, complemented by magnetic and 
physical property measurements, has been used to characterise its structure and identify 
V-V bonding in the ground state. In light of recent work showing that orbital dimers in 
Li2RuO3

4 and LiRh2O4
5 form disordered states above their ordering temperatures we have 

also probed the local structure of GaV2O4, to investigate whether the orbital molecules 
found in this material persist into a disordered regime. 
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Layered inorganic materials with intercalated organic molecules have been investigated 
for thermoelectric devices1 and heterogeneous photocatalysts.2 Semiconducting TiNCl 
even becomes superconducting when diamines are intercalated.3 Investigation of such 
hybrid materials offers the possibility to tune both the ceramic and the organic layer to 
better suit desired functional properties. Titanoniobate materials offer this possibility with 
the ability to alter Ti : Nb ratio and how the ceramic component interacts with the organic 
component. HTiNbO5 with a lepidocrocite - type structure (figure bottom left) is a layered 
material where amines can be intercalated via a one-step acid base reaction. As direct 
intercalation using alcohols is unsuccessful alcohols have been overlooked in the 
literature. In our work alcohol insertion is achieved using a two-step process via an amine 
intermediate (figure top). This previously unreported approach allows primary alcohols to 
fit between the TiNbO5

- sheets already spaced out by the amine. The increase in interlayer 
spacing caused by increasing alcohol chain length is followed by X-ray diffraction and 
shows significant differences in behavior for small (C < 6) and larger (C > 6) chain alcohols. 
How the alcohol packs with the amine (figure bottom right) is crucial to the interlayer space 
changes.  The intercalation is also studied using FTIR, TGA and CHN analysis all give 
alcohol amine mix of the form (RNH3)x(RO)yH1-x-yTiNbO5 bolstering alkyl alkyl packing 
arguments. 

The range of organic molecules with a realistic possibility of inserting between 
titanoniobate layers now includes any molecule with a primary alcohol side chain.  
Furthermore, due to the use of an amine intermediate any amines intercalated could also 
be investigated with alcohols in mind. This creates vast new opportunities in the field of 
functional organic-ceramic hybrid materials with primary alcohols as well as amine being 
at the forefront.  

Figure 1: Schematic diagram of the intercalation pathways in layered TiNbO5
- sheets  
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Transparent and conducting materials are indispensable elements, e.g., of flat panel 

and touch displays. MOS transistors using indium gallium zinc oxides (IGZO) have shown 
extremely low off-state current and high optical transparency, and are used in smart phone 
displays [1]. IGZOs are compounds of the homologous series InGaO3(ZnO)m which have 
layered crystal structures. Up to now, IGZO compounds with integer m = 1, 2, 3, 4, etc. have 
been synthesized and characterized [2-5]. Motivation of the present work is the synthesis and 
structural characterization of the m = 0.5 phase, InGaO3(ZnO)0.5. Single crystals of 
InGaO3(ZnO)0.5 were grown by the optical floating-zone method using a mirror furnace where 
halogen lamps are used as heat source. X-ray diffraction on InGaO3(ZnO)0.5 yielded a 
hexagonal crystal system (P63/mmc; No. 194) isostructural to Yb2Fe3O7 [6]. Structure 
refinement from single crystal XRD data (a = 3.3137(1) Å; c = 29.523(1) Å) revealed a 
structure which consists of three different alternating layers: (i) layer of edge-sharing InO6 
octahedra, (ii) a pair of two layers of corner-sharing (Ga/Zn)O4 tetrahedra corresponding to 
wurtzite structure type, and (iii) a layer of (Ga/Zn)O5 trigonal-bipyramids (tbp). Ga3+ and Zn2+ 
are indistinguishable by XRD and thus, yield a mixed occupation. The polyhedra of layers (ii) 
and (iii) share corners with the InO6 octahedra, resulting in inverted orientations of the two 
(Ga/Zn)O4 layers in the wurtzite type region (Fig. 1 left).  Elemental distributions of the cations 
were mapped by X-ray spectroscopy (EDS) using HAADF STEM on a probe corrected 
transmission electron microscope [7]. The extracted elemental distribution profiles confirm that 
indium exclusively occupies the octahedral sites, in agreement with XRD. The Ga distribution 
provides a convincing insight to the occupation of the tbp-sites, showing that these sites are 
occupied by Ga ions only. Moreover, in the dual layers the profiles reveal a mixed occupation 
by Ga and Zn on tetrahedral sites (Fig. 1 right).  

Figure 1: left: Structural details of InGaO3(ZnO)0.5. right: HAADF STEM image of InGaO3(ZnO)0.5 along the a-
axis with structure model and distribution profiles from EDS as overlay. 
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Complex transition metal oxides have a rich chemistry and exhibit a wide range of physical 
properties. In recent years there has been a growing interest in modifying the anion lattice 
of complex transition metal oxides, via topochemical manipulation, to tune the magnetic 
and electronic properties of these materials. These processes not only alter the electron 
count of the phase but also the local symmetry and coordination geometry of the transition 
metal centres. Thus this approach offers opportunities to modify the electronic structure of 
phases in multiple ways.  Topochemical anion de-intercalation has been used to prepare 
novel phases containing many different 3d transition metal cations, and recently has been 
utilized to successfully prepare SrFe0.5Ru0.5O2, the first example of Ru2+ in an extended 
oxide1. We have now further extended this work to include the 5d transition metal iridium.  
Topochemical reduction of the B-cation ordered perovskite phase Sr2FeIrO6 yields a 
product of composition Sr2FeIrO4, as confirmed by thermogravimetric reoxidation 
measurements. Diffraction data are consistent with the reduced phase adopting an infinite-
layer structure (Figure 1), similar to SrFe0.5Ru0.5O2, but with Fe/Ir B-site cation order 
inherited from the parent Sr2FeIrO6 phase. Magnetisation and neutron diffraction data 
indicate that Sr2FeIrO4 undergoes a series of magnetic ordering transitions. 
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Figure 1 Topochemical Reduction of Sr2FeIrO6 
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Magnetic susceptibility of Bi5Nb3–3xFe3xO15–δ iron-containing solid solutions with 

perovskite-like structure was studied. Exchange-bound aggregates of Fe(III) atoms with 
antiferro- and ferromagnetic exchange types are formed in the solid solutions. The 
exchange parameters in the clusters and the distribution of tetramers and dimers of Fe(III) 
atoms over the solid solutions as functions of paramagnetic atom content were 
calculated.1 
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An increasingly important technology in the generation of clean electricity is based on solid 

oxide cells (SOCs) which can be operated in either fuel cell (SOFC) or electrolyser (SOEC) mode. 
They have high electrical efficiencies which lead to overall system efficiencies as high as 80% for 
power generation1. SOCs systems are in competition with alternative energy technologies in terms 
of cost, performance and operational lifetime. Degradation rates for commercial SOFC stacks are 
typically 1.5-2%/1000 hours which hinders their wider adoption; their lifetime needs to increase by 
a factor of 2-102. Degradation at the oxygen electrode (cathode) is poorly understood, but since 
20093, it has become apparent that Yttria-Stabilised Zirconia (YSZ) electrolytes in degraded SOCs 
can show electronic conductivity, leading to reduction in cell voltage resistance. Moreover, recently, 
N. Masó & A.R. West have shown that YSZ pellets show the onset of electronic conductivity under 
the action of a small applied voltage4. Electronic conductivity in YSZ electrolytes has been reported, 
but the cause is not well understood. Our preliminary studies on voltage-dependent electronic 
conductivity in YSZ, show that degradation may be linked to variations in cell voltage and electrode 
overpotential which influence oxygen diffusion rates and the kinetics and thermodynamics of gas-
solid surface redox reactions. In order to better understand the onset of electronic conduction in 
YSZ electrolytes, pristine pellets of 8 mol % YSZ were prepared and analyzed by impedance 
spectroscopy (IS) technique. IS technique allows bulk, grain boundary and surface impedance 
components to be measured, as well as the ionic and electronic contributions of the conductivity. 
Analysis of the impedance data over the temperature range 300 to 900 ºC of high density pellets 
(>96%) show the onset of electronic conductivity under the application of a small dc bias. Results 
show a reversible decrease in sample grain and grain boundary resistances and the Warburg 
impedance at the sample-electrode-air interface collapses. Similar conductivity changes are seen 
with acceptor-doped dielectrics5 and are believed to be attributed to the introduction of p-type 
electronic conduction, as a result of ionization of underbonded oxide ions in the crystal structure, 
with O- ions acting as the location of the holes. Furthermore, an increase of the pellet temperature 
is observed under the action of the dc bias, the higher the bias the higher the temperature increase. 
The increase of temperature under the application of a dc bias has been observed with flash 
sintering, which is believed that Joule heating is main driving process6. The possible contribution 
of Joule heating to the onset of electronic conduction in YSZ will be discussed. 
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York, Elsevier. 
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Piezoelectric materials are currently used in a wide range of electronic devices 

such as sensors, transducers and actuators. In last few decades, the most commonly used 
piezoelectric ceramics are lead oxide based compounds, especially PbTiO3-PbZrO3 (PZT) 
due to their superior dielectric, piezoelectric, and mechanical properties.1 These enhanced 
properties are related to a commonly named, morphotropic phase boundary (MPB), 
between rhombohedral and tetragonal phases in PZT. However, the main disadvantage 
of lead-based ceramics is the presence of highly toxic levels of lead. As a result, in recent 
years, extensive research has focused on the development of environmental friendly 
alternatives to the lead containing piezoelectric materials in order to replace PZT-based 
ceramics in the wide range of applications.2 The family of bismuth sodium titanate 
materials have been considered as one of the promising candidates for the replacement 
of lead-based piezoelectric ceramics. Among them, (1-x)(Bi0.5Na0.5)TiO3-xBaTiO3 (BNT-
BT) system exhibits excellent piezoelectric properties. At room temperature, 
(Bi0.5Na0.5)TiO3 has a rhombohedral symmetry and BaTiO3 has a tetragonal symmetry, 
resulting in a rhombohedral-tetragonal MPB for their solid solution around x=0,06.    

 
Compositional modifications by doping are a common methodology in order to 

increase or optimize the functional properties of ferroelectric and piezoelectric ceramics 
for specific applications. It is well known that doping with a donor dopant, A-site of the 
perovskite substitution with a higher charge, modifies significantly the electric properties 
of ceramics due to the creation of cation vacancies generated to compensate the charge 
defects.  

  
Consequently, the main purpose of this work is to evaluate the effect of doping with 

different lanthanides on the structural, morphological and electrical properties of BNT-BT 
based ceramics. The system evolution is evaluated using the typical techniques in solid-
state chemistry. The functional properties of the donor doped BNT-BT ceramics have also 
been examined in order to analyze the trivalent substitution as a promising method to 
improve functional properties of lead-free BNT-BT piezoceramics.    
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Transversal pneumatic artificial muscles are type of pneumatic actuators, which 

consist of a flexible internal braid element reinforcing membrane and external membrane 
with fibers arranged transversely to internal braid. Fittings attached to the membrane 
allows to transfer mechanical power along the muscle. Transversal pneumatic artificial 
muscles like other pneumatic actuators are operated by inflating working medium, usually 
compressed air, into the membrane. Expansion of the muscle is caused by inflation of the 
gas, contraction occurs in result of releasing gas. While resting, the internal braid of the 
muscle is U-shaped, as shown in Figure 1a. When the gas is inflated to a muscle, the 
internal braid bulges and changes a shape to cylindrical, as shown in Figure 1b. It is 
possible to control the force generated by the muscle by controlling a value of the pressure 
supplied to the muscle. 

 
Figure 1: Shape of TPAM a) before inflation of pressured air, b) after inflation [1]. 

 
Biocompatibility of materials for medical robotics is important factor. In case of 

pneumatic artificial muscles made for serving in human gastrointestinal tract, material also 
have to meet expectations set by the solution, such mechanical strength, thermal stability 
and tightness optimal for use in pneumatic actuator. In this study, we present novel 
composite material designed for transversal pneumatic artificial muscles. Internal braids 
and external fibers are made of poly(ethylene terephthalate) (PET) satin. External 
membrane is made of poly(dimethylsiloxane) (PDMS) matrix. While PET satin guarantees 
thermal and mechanical reinforcement, PDMS is responsible for chemical resistance and 
tightness of composite. PDMS/PET composite’s suitability for applications in human 
gastrointestinal tract (chemical resistance, thermal characteristic) is also evaluated. FT-IR 
spectra allow to investigate chemical stability of the composite after immersion in selected 
solutions and PDMS impregnation process of PET satin. Obtained results confirm 
outstanding biocompatibility and allow to present safe material for medical use. 
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The most widely used piezoelectric materials in a broad range of electronic devices 

(such as sensors, actuators and memories) are lead titanate zirconate (PZT) ceramics, 
owing to their exceptional piezoelectric properties.1 This improvement in the functional 
properties occurs in a region of the phase diagram related to a morphotropic phase 
boundary (MPB). However, lead is highly toxic and PbO is released to the atmosphere 
during sintering causing serious environmental and health problems. Recently, motivated 
by this issue, great efforts have been devoted to the development of high performance 
lead-free piezoelectric materials as alternatives to PZT.2 Among these materials, 
perovskite-based oxides such as Bi0.5Na0.5TiO3 (BNT) have been investigated as a 
promising candidate for possible replacement of lead-based ceramics since the 60s, 
attributable to their similar characteristics to PZT. It has been reported that BNT ceramics 
modified with BaTiO3 (BT) show improvement in the dielectric and piezoelectric 
properties.3 Similar to PZT, the BNT-BT system has a morphotropic phase boundary 
where ceramics show these enhanced electric properties. Nevertheless, even the large 
number of studies carried out by different research groups based on this system, there is 
no exact composition where the best properties are obtained and there are some 
differences related to the crystalline system and space group of materials. 

 
Hence, (1-x)(Bi0.5Na0.5)TiO3-xBaTiO3 based materials with compositions around 

the MPB (x = 0.05-0.07) were prepared by solid state reaction. In the present work, the 
results of the structural and microstructural characterization and the study of the functional 
properties are reported in order to have a better understanding of the BNT-BT system.  
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Nickel hydroxide is an important material which has long been used as an 

electrode material in alkaline batteries but more recently in electrocatalysis and 
supercapacitors.1 Nickel hydroxide is redox active and has electrochromic properties 
switching between transparent green nickel hydroxide (Ni(OH)2) to opaque, brown-black 
nickel oxyhydroxide (NiOOH) when a potential is applied. This property has potential 
energy saving applications as architectural ‘smart windows’ as well as anti-glare mirrors 
and optical information storage.2 The structures of nickel hydroxide phases are reported3 
to exist as two main forms; a turbostratic alpha (α) phase and a crystalline beta (β) phase, 
each having possible disorder due to different levels of hydration, stacking faults, ion 
substitution, interstratification and mechanical stress. The structure of nickel hydroxide 
plays an important role in its electrochromic stability and performance, with the differences 
between these structures having an impact on the electrochemical stability and 
performance (figure 1). We present here results from multi-technique characterization of 
an extensive set of synthesized bulk powder nickel hydroxide samples, using powder x-
ray diffraction (PXRD), infra-red spectroscopy (IR) and thermogravimetric analysis (TGA) 
techniques. This reveals several trends relating the conditions of synthesis to the different 
degrees of disorder found in the phases formed. 

 
Figure 1: A scheme of the electrochemical processes that can occur between the phases 

of nickel hydroxide and the nickel oxyhydroxide (adapted after Bode et al3) 
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Several hydrogen-bonded molecular crystals exhibit interesting nonlinear optical 

(NLO) properties based on (2)- and (3)- nonlinearities. Examples of NLO properties that 
can be employed for technical applications, such as the generation of new laser 
frequencies, all-optical switching, optical power limiting, image manipulation and the 
processing or data storage of these materials, include harmonic generation (e.g., 
especially second harmonic generation - SHG), sum- and difference-generation, intensity 
dependence of the complex refractive index, light-by-light scattering, and stimulated light 
scattering.1 A very recent application of hydrogen-bonded salts of organic molecules is 
based on stimulated Raman scattering (SRS). This (3) NLO phenomenon is used for the 
development of compact and efficient frequency converters of the one-micron laser 
emission based on neodymium or ytterbium lasants.2,3   The family of hydrogen-bonded 
molecular crystals can be considered as a promising result of crystal engineering of 
materials for NLO applications. These crystalline salts and co-crystals are based on 
properly arranged organic nitrogen-containing molecules acting as carriers of NLO 
properties. The energy of existing hydrogen bonds can counteract the tendencies of the 
organic molecules and ions with highly delocalized π-electron systems to form unwanted 
centrosymmetric pairs. In addition, the formed hydrogen-bonded structures frequently gain 
advantageous chemical and physical properties. The observed low temperature phase 
transformations of selected molecular crystals based on organic and inorganic salts of 
aminopyrimidines (Figure 1), phenyl biguanide and aminothiadiazole will be presented in 
this contribution. The main emphasis will be focused on the explanation of the mechanism 
of presented phase transformations. This explanation is based on the combination of X-
ray diffraction, vibrational spectroscopic (IR and Raman) and calorimetric results. 

 
Figure 1: Observed low temperature changes of lattice parameter (a) and Raman spectra (b) of 2,4,6-

triamino-pyrimidinium hydrogen malonate. 
1.  R.W. Boyd, G.L. Fischer, Encyclopedia of Materials: Science and Technology, Elsevier Science Ltd., 2001. 
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The reduction of emissions of greenhouse gases has paramount importance in influencing 
environmental policies. The worldwide cement industry targets to reduce CO2 emissions by almost 
40% by 2050.1 In order to achieve this goal, the most commonly used approach is the partial or 
total substitution of kiln fuel by alternative materials. However, in spite of the environmental benefit, 
potential changes in clinker composition must be systematically examined. This is due to the 
potential incorporation of foreign elements, coming from the use of alternative fuels, into clinker 
phases. Studies have highlighted the importance of controlling certain elements such as 
magnesium, potassium, sodium, sulphur and chloride, which can form expansive hydrated phases 
and phosphorous, which reduces the reactivity of the cement. Thus the incorporation of foreign ions 
might affect the distribution and structure of clinker phases, and in turn influence the quality and 
durability of Portland cements.2 Studies into SO3 and MgO incorporation into the clinker phases 
alite (Ca3SiO5) and belite (Ca2SiO4) have found that different weight (wt)% of MgO and SO3 stabilise 
different polymorphs of alite and belite, which can impact on hydration and setting processes during 
the cement production and influence the final produced cement.3,4 An initial sample set of 200, 
obtained from an industrial scale rotationary kiln, were classified into 9 groups depending upon 
MgO and fuel SO3 content. Chemical composition was assessed by means of X ray fluorescence 
and phase identification was carried out using powder X ray diffraction (PXRD).  We present here 
results from the preliminary phase quantification of the PXRD data using Rietveld refinement 
methods.  We have identified the presence of up to 14 crystalline phases in the clinker samples, 
with the presence of different C3S and C2S polymorphs.  Output from phase quantification by 
Rietveld refinement of typical PXRD data is shown in figure 1. The results indicate interactions 
between sulphur and magnesium with certain clinker phases due to the polymorphism exhibited in 
the C3S and C2S phases. 
 
Figure 1: Fit of PXRD data collected in-house on industrial clinker sample with 2.56 wt% of SO3 and 9.41 wt 

% MgO in clinker 
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Since the synthesis and structural characterization of the scandium(III) 

oxoselenate(IV) Sc2[SeO3]3 [1] in 2003, several new derivatives with interesting crystal 
structures have been found. First of all we succeeded to synthesize scandium oxide 
oxoselenate(IV) with the composition Sc2O2[SeO3]3 [2,3] containing both ψ1-tetrahedral 
[SeO3]2‒ and not selenium-bonded O2‒ anions. Based on the fact that Sc2[SeO3]3 is the mother 
compound scandium(III) oxide oxoselenate(IV) emanates from the formal addition of Sc2O3. It 
was also possible to obtain scandium(III) oxodiselenate(IV) Sc2[Se2O5]3 with [Se2O5]2‒

 anions 
by adding more SeO2 to the reaction mixtures. Moreover, scandium-oxoselenate derivatives 
emerged, which contain alkali or alkaline-earth metals. For the alkali-metal compounds the 
formula type ASc[SeO3]2 (A = Li – Cs) [4–6] dominates. On the other hand, two scandium 
oxoselenates(IV) with the heavy alkaline-earth metals of the composition AESc2[SeO3]4 [7] 
could be synthesized, a monoclinic one with strontium and a triclinic one with barium. These 
two series of compounds can be conveyed from the mother structure by the addition of 
A2[SeO3] or AE[SeO3] to the title compound. So far all of the mentioned oxoselenates contain 
sixfold coordinated Sc3+ cations in [ScO6]9‒ octahedra. But additionally, derivatives containing 
halide anions, like fluoride and chloride, are known in meanwhile. The scandium chloride 
oxoselenate(IV) ScCl[SeO3] [8] crystallizes in the same orthorhombic structure as the 
analogous compounds with most other rare-earth elements (RE = Sm – Lu) [9]. In contrast, 
the scandium fluoride oxoselenate(IV) ScF[SeO3] [3] exhibits in a monoclinic structure, which 
becomes triclinic at lower temperature. Both compounds were synthesized phase-pure and 
can be derived from scandium(III) oxoselenate(IV) by addition of the appropriate scandium 
trihalide (ScX3). More importantly, Sc3+ resides in sevenfold ccordination within pentagonal 
bipyramids [ScO5X2]9‒, so doping with lanthanoid(III) cations like Eu3+ and Tb3+ becomes 
possible and interesting. The so far last derivative of Sc2[SeO3]3 is a quintenary one, which 
contains an alkali-metal cation and also fluoride anions: CsSc3F6[SeO3]2. It can be deflected 
from Sc2[SeO3]3 with additional caesium fluoride (CsF) and scandium trifluoride (ScF3), but 
displays only octahedrally surrounded Sc3+ cations again, like in all the pure oxidic derivatives 
of Sc2[SeO3]3.  

 

 
Crystal structure of Sc2[SeO3]3 (left) with empty hexagonal channels and chains (right) along [001]. 
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This work1 presents the structure-property relationships in indium tellurate with the general 

formula In2-xMxTeO6 when M  =Ga (x  =0-0.40), Bi (x  =0-0.50), and La (x  =0-0.20) .The oxidation 
states of Bi3+ and Te6+were confirmed by both XANES and XPS .Crystallographic data of bond 
lengths and bond angles suggest no significant distortion of M-O6 octahedra for all samples; 
however, the stereoactive 6s2 lone-pair electrons in Bi cause In/Bi cation in In/Bi-O6 to shift toward 
one edge of the octahedra .The direct allowed transition was observed in UV-Vis absorption spectra 
of all samples and further confirmed by the DFT band structure calculation .Moreover, the 
calculated band structures give details of orbital contributions at conduction band (CB) and valence 
band )VB .(In case of undoped-, Ga-, and La-doped samples, the CB is contributed by O 2s and In 
5s orbitals while the VB is mainly O 2p and In 4d in character .Interestingly, Bi greatly influences 
the conduction band dispersion and Bi 6s state additionally contributes at the top of VB .In addition, 
photoluminescence (PL) properties of indium tellurates were first observed in this work. 

 
 

Figure 1: Schematic diagram of an M-O6 octahedron for In2-xMxTeO6 when Mx = Ga0.40, Bi0.50, and 
La0.20.  
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Metal selenites attract attention at the last time due to the variety of crystal structures and 

possible appearance of structure derived physical properties. The main feature of selenite group is 
the presence of strongly stereochemically active lone electron pair that needed to be located 
somewhere in the crystal structure. These pairs tend to form cavities or even layers in the crystal 
structure. Combination of 3d metals ions and selenite groups may lead to form low dimensional 
magnetic properties. Such phenomena are in stat of the art in modern magnetic materials chemistry 
and physics. Usually the Cu2+ (3d9 S = 1/2) or Ni2+ (3d8 S = 1) systems are studied in this aspect. 
Recently it was shown that Fe3+ (3d5 S = 5/2) selenites may possess quasi one-dimensional 
magnetic properties 1, 2.  

In order to extend Fe3+ containing compounds with low dimensional magnetic subsystem 
we have try to search for new iron selenites and found that Fe2O(SeO3)2 selenite was known for 
about 20 years3 but no magnetic properties were reported so far. This selenite crystallize in 
orthorhombic space group P ccn and has three different types of Fe3+ ions in the structure. The 
crystal structure of the Fe2O(SeO3)2 may be described as sequence of iron-oxygen octahedrons 
tetrahedrons openwork layers in ab plan of the structure bridged together by selenite groups along 
[0 0 1] direction. From this consideration it may be assumed, that Fe2O(SeO3)2 may exhibit two 
dimensional magnetic behavior.  

In the present study we report new method of single phase Fe2O(SeO3)2 samples 
preparation as crystals or powder, magnetic susceptibility and heat capacity measurements in 
combination with Mössbauer spectroscopy. 

Single crystals of Fe2O(SeO3)2 were obtained by chemical vapor transport method from the 
mixture of anhydrous FeCl3, Fe2O3 and SeO2 in sealed quartz tube in the temperature gradient 
450/400C. Small amount of FeCl3·6H2O was added into the tube before the sealing to improve 
phase transfer into cold zone. As the result stick like crystals with 1.2 cm biggest length were 
obtained. The powder sample was prepared in mild hydrothermal conditions from FeCl3·6H2O, 
H2SeO3 and NaOH in water solution.  

The measurements of magnetic susceptibility of Fe2O(SeO3)2 reveal short range 
antiferromagnetic correlations producing broad maximum in (T) curve at about 120 K and the 
formation of antiferromagnetically ordered state below TN = 110K. The magnetic phase transition 
is confirmed by  - type anomaly in specific heat at TN and appearance of magnetic sextets in 
Moessbauer spectra at the same temperature. 
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Recent progress in chemistry and material science caused new findings in non-

classical crystallization, known for more than 100-years1. Self-organization in non-
classical crystallization is one of the few methods of synthesis of highly-oriented structures 
called mesocrystals (MC).2 MCs comprised of individual nano-sized building blocks often 
demonstrate close-to-monocrystal structures and corresponding functional properties. 
Regarding these non-trivial superstructures it is critical to use exotic time-consuming 
techniques to make a true step forward in understanding MC formation processes in 
particularly the dynamics of crystallization or MC to MC transformation.  

In this work we have generated NH4TiOF3 MCs using PEGs (PEG6000, PEG 400) 
and Brijs (Brij58, BrijC10, BrijS100). We shed light on the formation of anatase 
mesocrystals and demonstrate how the Ti-PEO chain interactions serve to direct the 
crystallisation process. A model was developed for the MC formation process via the ratio 
of Ti atoms to polymer-chain enabled. This model allows for the effect of PEG or Brij@ 
concentration on the resultant MC morphology was rationalized empirically. Moreover, the 
photocatalytic activity observed for the TiO2 MCs indicates the polymer does promote 001 
facet formation. 

Results supporting these observations were obtained by XRD, XPS, SEM and 
FTIR spectroscopy. Moreover, in-situ Raman spectroscopy and in-situ TGA-MS, during 
heat treatment, allowed the evolution of NH4TiOF3 MCs undergoing transformation into 
anatase TEM and small-angle X-ray scattering data clearly show well-oriented of 
NH4TiOF3 MCs and assemblies of TiO2 nanoparticles with average sizes of tens of 
nanometers.  

Finally, it was demonstrated that polymer can serve as an effective template for 
NH4TiOF3 MCs formation. The reagent ratio gave rise to smooth, regular and uniformly-
sized NH4TiOF3 MCs which in turn can be converted thermally into anatase. Optimization 
of this process resulted in anatase TiO2 MCs with good photocatalytic efficiencies which 
are comparable with data reported elsewhere for such systemshas been demonstrated 
successfully so showing a potential application of these fascinating materials. 
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The realization of nanosized phosphors with high quantum yields is a challenging topic for 

material scientists ‒ especially including the transfer of well-known high-efficiency bulk phosphors, 
such as Y3Al5O12:Ce (YAG:Ce) or Y2O3:Eu (YOX:Eu). Typically, the quantum yield decreases 
significantly for low particles sizes due to surface-allocated defects and/or low crystallinity.[1] Hence, 
it is essential to boost crystallinity and quantum yield at small particle size and in combination with 
high uniformity of size and shape. 
 

 
 

Here, we present a straightforward NaCl-matrix-based post-treatment[2] that enhances crystallinity 
immensely compared to conventional calcination processes in the case of a YAG:Ce nano-
phosphor. Following this synthesis strategy, amorphous but highly uniform nanoparticles are 
prepared in ionic liquids as a first step.  Via NaCl-matrix-based posttreatment, in a second step, 
well crystallized and deep yellow YAG:Ce nanoparticles were obtained that show intense 
luminescence under blue-LED excitation (i.e., 450 nm).  
The final YAG:Ce nanoparticles exhibit an average diameter of 90 nm at narrow size distribution. 
Most remarkable the synthesis route gives access to YAG:Ce nanoparticles with a quantum yield 
of 87%, which belongs to the highest values reported for nanosized YAG:Ce.[3] 

 
 

[1] H. Goesmann, C. Feldmann, Angew. Chem. Int. Ed. 2010, 49, 1362–1395. 
[2] Y. X. Li, W. F. Chen, X. Z. Zhou, Z. Y. Gu, C. M. Chen, Mater. Lett. 2005, 59, 48–52. 
[3] H. Gaiser, A. Kuzmanoski, C. Feldmann, 2017, in preparation.  
  
  

Figure 1: XRD pattern of IL-made (grey line) and 
NaCl posttreated -YAG:Ce nanoparticles (black line) 
with  bulk Y3Al5O12 as a reference. 

Figure 2: Particle size distribution NaCl 
posttreated-YAG:Ce nanoparticles. 
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In the last few years, many works have been focused on the study of lanthanides 

doped BaTiO3 due to its interesting electrical properties. The properties of BaTiO3 and the 
defect structure depend on the ion which incorporates inside its crystal structure. As far 
as it is known, three types of occupation can occur when doping BaTiO3 with europium 
(III). Eu(III) can occupy Ba-site, Ti-site or both of them depending on the mechanism of 
charge compensation that takes place. Besides, the way in which substitution occurs has 
a clear impact on the electrical properties of this mixed oxide, such as Curie temperature, 
permittivity, lattice parameters and conductivity.  

In the present work, the three possible mechanisms have been postulated to occur. 
For that, samples containing Eu(III) in a range of 1-10 mole% have been synthesized by 
sol-gel method according to the stoichiometry of each kind of charge compensation 
mechanism. Pellet samples have been sintered at 1200ºC for 2 h, and characterized by 
XRD, SEM and EDX. The lattice parameters were obtained and the solubility limit of Eu(III) 
has been guessed for each type of mechanism. EDX analysis has shown that single phase 
was observed for low Eu(III) concentrations, while secondary phases were detected at 
high Eu(III) concentrations. In addition, two different types of microstructures were 
observed by SEM, long particles that corresponds to a secondary phase and spherical 
particles to the desired one. 

On the other hand, impedance measurements have been done for all single phase 
pellet samples. Based on these measurements is possible to predict the existence of 
defects inside the structure and, therefore, to guess what mechanism of reaction has 
happened.  

Due to its luminescent properties, Eu(III) has been suitable for the study of optical 
properties of BaTiO3 ceramics: half-life times and molecular emission spectra. Taking all 
of this into account, a further step has been taken: to correlate the results of both electrical 
and optical properties of samples. 

The results seem to indicate that regardless of what mechanism of charge 
compensation is postulated, Eu(III) substitutes Ba(II) until a 1-2% is reached. For samples 
in which Ti-site and Ba/Ti-sites were postulated to be occupied, after the incorporation of 
europium in Ba-sites (2%), it starts to occupy Ti-sites.  
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Red phosphorus (Pred) is often used in high-temperature solvent-free syntheses of phosphorus-
containing inorganic materials, e.g. metal phosphides.[1] The reactivity of the red allotrope of 
phosphorus is, however, limited at low temperatures due to its network-like structure. Solvent-
based low-temperature approaches therefore often use the highly reactive white phosphorus, which 
is poisonous and difficult to handle.[2] In contrast to that, Cu3−xP, which is only hardly accessible via 
the traditional solid-state route, can be directly synthesized from Cu and Pred in halide-based 
organic salts without the addition of any auxiliary agents (Figure 1, left).[3] As revealed by 31P NMR 
spectroscopy, P4 molecules are formed during the reaction due to a solvent-supported thermal 
decomposition of Pred, rationalizing the increased reactivity of the phosphorus precursor. This 
approach can be further extended to synthesize single-phase CuP2 by adjusting the solvent and 
increasing the temperature to 300 °C (Figure 1, right). In good agreement with previous reports[4], 
the CuP2 was found to be formed via a two-step mechanism: (a) the formation of Cu3−xP from the 
elements, (b) the reaction of Cu3−xP with Pred to CuP2. In contrast to the solid-state synthesis, the 
first step is extremely fast and takes place within the first hours of the reaction, thus facilitating a 
fast formation of CuP2. Compared to other synthetic approaches, this method combines the short 
reaction time and the relatively low temperature of solvent-based syntheses with the high atomic 
efficiency of solid-state reactions. Additionally, as the organic salts have only a negligible vapor 
pressure, this method offers important synthetic simplifications. All reactions can be conducted in 
common glass flasks or silica ampoules without the need of autoclaves or complicated reflux 
equipment. In contrast to the well-known inorganic salt or metal fluxes, which require water or acids 
to be washed off, organic salts can be easily removed by organic solvents. This might open a path 
to hitherto unknown (metastable) compounds.  
Figure 1: Powder X-ray diffraction patterns of products from reactions of Cu and Pred under different 
conditions.  (left) Molar ratio Cu:Pred 2.95:1, [P66614][Cl] = Trihexyltetradecylphosphonium chloride; (right) Molar 

ratio Cu:Pred 1:2, [PPh4][Cl] = Tetraphenylphosphonium chloride.  
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[4] S. Lange et al., Angew. Chem. Int. Ed. 2008, 47, 5654-5657. 
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Sodium and lithium ion conductors with good electrochemical stability and ion mobility are 
of interest as solid electrolytes, a key component in all solid state batteries. Crystalline solid 
electrolytes are characterized by a host framework of immobile ions with a sublattice of mobile 
species connected via conduction pathways forming a percolating network. The A3LnSi2O7 (A = 
alkali metal; Ln = lanthanide) type structure is a good candidate for alkali ion conduction because 
it has sufficient free volume between nearest-neighbor alkali ion sites to support a percolating 
network (Fig. 1A). Moreover, the versatility of the alkali lanthanide pyrosilicate framework 
(A3LnSi2O7) allows for the crystal structure to support a homologous series of alkali-metal and 
lanthanide ions. Previous studies have characterized Na3LnSi2O7 (Ln = Ho, Y, Tm-Sc) and 
K3LnSi2O7 (Ln = Sm-Lu)1-3. Only a single publication1 reports the sodium-ion conductivity of 
polycrystalline Na3LnSi2O7 (Ln = Y, Gd) with no analysis of conduction mechanisms, and the 
structure of Li-containing Li3LnSi2O7 has not yet been reported.  

In this poster, the synthesis of Na3LnSi2O7, (Ln = Gd-Er) by the solid state method, and 
metastable Li3LnSi2O7 by a molten salt ion exchange, will be described. Structural analysis of the 
A3LnSi2O7 compounds by powder X-ray diffraction (Fig. 1B) will be discussed, and comparisons 
drawn between their structures. Predictions of potential diffusion pathways, as determined by bond 
valence sum difference maps (Fig. 1A), will be presented, and results from ongoing ionic 
conductivity measurements by electrochemical impedance spectroscopy will be disseminated. 

Figure 1: A - Crystal structure of Na3TbSi2O7 with Na+ (atoms, bonds not shown), O2- (atoms), Tb3+ 
(octahedra), and Si4+ (tetrahedra); and bond valence sum difference map, calculated with the softBV 
parameters4, shown with an isosurface level of 0.08. B - Powder X-ray diffraction pattern for Na3TbSi2O7 (top) 
and Li3TbSi2O7 (bottom) with the experimental data (circles), modeled pattern (line), reflection markers (ticks), 
and difference profile (line). 
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The reduction of metal cations in polyalcohols (polyols), the so-called polyol 

process, is an efficient synthetic pathway towards mono- and multimetallic materials.1,2 
Applying polyols as high-boiling reaction media allows synthesis temperatures up to ca. 
320 °C facilitating the production of crystalline nanoparticles without further post-
treatment.3 For example, intermetallic nanoparticles of all phases in the Bi–Pd system 
could be produced in ethylene glycol starting from easily accessible metal salts.4 Although 
the polyol process has been known for about three decades now, there are only a few 
studies about the underlying redox mechanism and reaction intermediates.5 
Understanding the reaction mechanism would open up the possibility for more tailored 
syntheses of metallic compounds.  

We studied the coordination and reduction behavior of Cu2+ precursors in different 
polyols by X-ray diffraction, infrared spectroscopy and electron microscopy. Solid Cu–
polyol intermediates were isolated in the first reaction stage for ethylene glycol (EG), 
diethylene glycol and triethylene glycol. With EG the crystalline compound 
Cu3(CH3COO)2(C2H4O2)2 is formed. It consists of a 2D network structure with corner- and 
edge-linked distorted CuO5 square pyramids. A second intermediate, namely Cu(C2H4O2), 
could be isolated as well.  

Using higher reaction temperatures Cu2+ is the reduced to Cu+, which leads to the 
precipitation of Cu2O, and finally elemental Cu is formed. The stability range of Cu2O 
intermediates largely depends on the chain length of the polyol.  
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Thermoelectric materials, which produce a voltage in response to an applied 

temperature gradient, are set to play an increasingly important role in the development of 
new energy efficient technologies by generating electrical current from waste heat. The 
thermoelectric figure of merit, ZT, is dependent upon the electrical conductivity σ, the 
Seebeck coefficient S, and the thermal conductivity κ as = ⁄ : efficient 
thermoelectric power conversion therefore results from maximising electrical conductivity 
and thermopower, whilst minimising thermal conductivity, but the rational design of new 
TEs is complicated by strong coupling between σ, S, and κ. At present, the most efficient 
TE generators are based on lead and bismuth tellurides [1] which are expensive and toxic, 
have a limited operating range of 200-600 K, and are readily oxidized in air at elevated 
temperatures. High-ZT oxides are suitable for high temperature thermoelectric 
applications as they are physically and chemically robust under harsh operating 
conditions, can offer p- or n-type conductivity, and can be composed of non-toxic earth-
abundant elements. The current best-performing oxide thermoelectrics have high ZT 
values (e.g. 1.57 for p-type Na0.89CoO2 at 1100 K), but a distinct separation exists between 
the ZT values of p-type and n-type oxides, with n-type systems showing weaker 
performance. As both p- and n-type modules are required for the fabrication of a TE 
generator, this is a critical limitation for the development of oxide-based technology.[2] 
The current best-in-class n-type oxides are electron-doped derivatives of SrTiO3 and 
CaMnO3: related titanate and manganate perovskites offer good platforms for the 
realization of efficient TE performance, as the ready reduction of Ti4+ and Mn4+ by 
aliovalent doping affords low concentrations of highly mobile charge carriers. The resulting 
high power factors drive the performance of the best-in-class compounds Sr0.9Dy0.1TiO3 
(ZT of ~0.4 at 900 °C)[3] and Ca0.90Yb0.05Dy0.05MnO3 (ZT of 0.26 at 727 °C).[4]. Here we 
describe the synthesis, structures and physical properties of new high-performance n-type 
thermoelectric perovskite oxide ceramics that are competitive with Sr0.9Dy0.1TiO3 at 
temperatures of up to 700 °C. 
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Renewable energy systems, and in particular concentrated solar power plants, 

face the limitation of their intermittent nature. Thus, finding energy storage systems to 
accommodate production of energy to demand is key issue for extending this technology. 
The state-of-the-art for energy storage in commercial CSP plants is based on the use of 
molten salts to store thermal energy as sensible heat. Nevertheless, this technology has 
important limitations such as costs, maximum working temperature limited by 
decomposition of salts above 600ºC, solidification of salts below 200ºC, corrosion, etc. 

The calcium looping process (CaL), originally developed for post-combustion CO2 
storage in fossil fuel power plants, has been proposed for thermochemical energy storage 
in concentrated solar power plants (CSP). The CaL process is based on the carbonation 
of quicklime (CaO) in a reactor about 650ºC, followed by the calcination of the carbonated 
particles in another reactor at higher temperatures (930-950ºC). CaL has a huge potential 
for thermochemical energy storage. The calcination process is endothermic and it could 
be performed at the high temperature achieved in the CSP tower plant. The energy would 
be recovered by the exothermic carbonation reaction. This system would allow very high 
energy storage densities in the range of about 3.26 GJm-3. Moreover, the thermal 
conductivity of limestone (1.5 Wm-1K-1 at 500ºC) is about three times than that of molten 
salts. Additionally, natural carbonates such as limestone and dolomite are abundant, 
cheap and non-toxic. Nevertheless, a limitation of this technology is related with the high 
temperatures required for the reactions that produce significant deactivation of the 
regenerated CaO in just a few cycles, drastically reducing the conversion. Thus, the 
sorbent has to be periodically purged and replaced by fresh sorbent. The objective of the 
presented work is to study the multicycle conversion behavior of CaO derived from natural 
carbonated, i.e. limestone and  dolomite at carbonation/calcination conditions that 
maximize the efficiency of this CaL–CSP integration.  
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The spinel structure is widely occurring in natural and synthetic materials. The 

oxides of this family exhibit the general formula AB2O4, where the oxygen forms a ccp 
arrangement, the B cation coordinates in edge-sharing octahedra and the A cation 
occupies tetrahedra. The technological and scientific significance of these materials has 
risen in the last few decades, but their geological relevance had focused their 
characterisation under high-temperature and high-pressure conditions. The low 
temperature behaviour of most materials in this class is remarkably under-explored. 

 
GeFe2O4 is a normal spinel, where the octahedral site is occupied by Fe2+ cations 

and the tetrahedral site is occupied by Ge4+. The 3D arrangement of the Fe2+ outlines a 
pyrochlore lattice; as such, the structure has the potential for frustration upon magnetic 
ordering of the iron moment, which is reported as antiferromagnetic (TN ~ 10 K) by early 
physical measurements.1 We report a full magnetic structure solution, derived from 
neutron powder diffraction data collected at D2B and D20 at the ILL reactor, France.  

Contrary to reports on other germanate spinels in the transition metal series 
(GeCo2O4, GeNi2O4 2,3), the GeFe2O4 structure shows no signs of distortion in the crystal 
structure and remains cubic Fd-3m below the Néel temperature. The appearance of 
magnetic Bragg peaks reveals the ordering temperature to be TN = 8.6 K. Keeping the 
cubic symmetry, the magnetic structure was solved with incommensurate propagation 
vector k = [ ⅔+δ, ⅔+δ, 0 ], with δ1.8K = 0.025. 
Due to the inherent frustration of the pyrochlore lattice, a complex spin structure is required 
to achieve antiferromagnetic ordering without distorting the cubic symmetry. This unusual 
magnetic ordering and its implications will be presented.   

 
 

 
Figure 1: Pyrochlore lattice of edge-sharing octahedra. 
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Inspired by the recently described nonlinear optical properties of alkaline earth 

cyanurates AE3[cya]2 (AE = Ca, Sr, Ba; cya = C3N3O3)1, we studied several hydrated alkali2 
and alkaline earth isocyanurates3. Macroscopic crystals of Ca[H2cya]2•7H2O4, 
Sr[H2cya]2•4H2O, Ca[Hcya]•3.5H2O, Sr[Hcya]•3H2O and Ba3[H2cya]2[Hcya]2•4H2O were 
prepared via careful interdiffusion of aqueous solutions of AECl2 and sodium cyanurate5 
inside a U-tube with varying molar ratios and pH. For the latter four compounds, structure 
elucidation was performed by single-crystal XRD (Sr[H2cya]2•4H2O: P21, a = 6.4672(2) Å, 
b = 18.8613(6) Å, c =  10.7532(4) Å, β = 91.080(1)°, Ca[Hcya]•3.5H2O: P21/c, a = 
7.3451(16) Å, b = 12.251(3) Å, c = 17.141(3) Å, β = 91.883(6)°), Sr[Hcya]•3H2O: P21/c, a 
= 6.5360(3) Å, b = 12.1360(5) Å, c = 18.8657(8) Å, β = 96.345(1)°, 
Ba3[H2cya]2[Hcya]2•4H2O: P1;¯, a = 6.5781(3) Å, b = 9.0411(4) Å, c = 10.2008(4) Å, α = 
91.018(2)°, β = 91.770(3)°, γ = 107.134(2)°). While both monoprotonated compounds 
show columns formed by parallel-displaced stacking of hydrogen bonded isocyanurate 
dimers, the diprotonated compounds feature layers formed by similar stacking of hydrogen 
bonded isocyanurate ribbons. The intermediate situation in Ba3[H2cya]2[Hcya]2•4H2O 
results in corrugated layers of parallel stacked isocyanurate anions with only small 
displacement. 

 

 
 

Figure 1: a) Sr[Hcya]•3H2O, b) Ba3[H2cya]2[Hcya]2•4H2O and c) Sr[H2cya]2•4H2O (EA 
grey, H white, C black, N blue, O red). The green line indicates the topology. 
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The newly developed computer program BonnMag 1 allows facile ligand-field analysis for all f n 
ions within the framework of the angular overlap model (AOM) 2. In particular for compounds 
containing ions with f 5 (Sm3+) or f 6 (Sm2+, Eu3+) electron configuration ligand-field analysis based 
on measurement of temperature dependent magnetic moments and high resolution electronic 
spectra should provide detailed insight into chemical bonding between the Ln3+ and their chemical 
environment. For Sm3+ ions the magnetic moment is determined by the moment of its electronic 
ground state (6H5/2 with µeff/µB = 0.85 according to HUNDS formula) and the first excited state (6H7/2, 
µeff/µB = 3.28) which is appr. 1000 cm–1 higher in energy (Figure 1a). In a complex or a host lattice 
containing Sm3+ ions these states are split by the ligand-field into 6 and 8 sublevels, respectively. 
Accounting properly for these splittings is the prerequisite for calculating the overall magnetic 
moment by allowing for the Boltzmann distribution between ground and excited state. In our AOM 
calculations the Slater-Condon-Shortley (SCS) parameters F2, F4, F6 as well as the spin orbit 
coupling constant ζ from literature 4 are used to describe the energy levels of the free Sm3+ ion. The 
description of the ligand-field in AOM by individual (for each bond) interaction parameters {e.g. 
e(Sm3+-O2–), e(Sm3+-O2–)} is based in molecular orbital theory. 2 The number of parameters eσ 
and eπ per chromophore can be restricted by using the relations eσ ~ d -7(Sm3+-O2–) and eπ = ¼ eσ. 
Thus, chemically meaningful parameters can be derived which are typically found to be 
transferrable between chemically related bonds. In our study a large series of chemically as 
different samarium(III) oxo-compounds as SmP5O14, SmPO4, SmAsO4, SmVO4, SmSbO4, and two 
modifications of Sm2O3 has been investigated by temperature dependent magnetic measurements 
and powder reflectance spectra (NIR/vis/UV region). The observed moments at 300 K range from 
µexp/µB = 1.55 for SmP5O14 to 1.79 for SmSbO4. As a tendency compounds with a higher basicity 
of the oxide ions show a higher magnetic moment. In general, the observed temperature dependent 
magnetic moments as well as the energy of the excited states and their splitting under the ligand-
field are matched very well by AOM. Parameters obtained from the matching procedure suggest 
slight variations of the SCS parameters and of ζ over the range of oxo-compounds due to a weak 
nephelauxetic effect. Best-fit AOM parameters e(Sm3+-O2–), too, show apparently some slight 
variation along the series.  

 

Figure 1: Splitting of the 6H5/2 and 6H7/2 states by spin-orbit coupling and ligand-field effects (a). Powder reflectance 

spectrum (b) and temperature dependence of magnetic moment (c) of SmAsO4. Both compared to the results from AOM.  
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Quantum critical points (QCP) in ferroelectrics are of interest as they are likely to exhibit 

unusual electrical properties at temperatures just above absolute zero. For this to occur, the 
transition to a ferroelectric phase needs to be at 0 K so that it is driven by quantum fluctuations 
rather than classical ones. Perovskite SrTiO3 is a known example of this.1 In a search for other 
materials that have these properties, a sensible starting point is a material with reported transition 
temperature near 0 K, which could be reduced using dopants to absolute zero. The aim of this work 
is to extend QCP from perovskites into other crystal structures. 

K6Li4Ta10O30 with tetragonal tungsten bronze structure which unusually has Li on the C 
sites, has a reported Tc = 7 K in single crystal work2 was synthesised as a dense ceramic and 
electrical properties recorded. This showed relaxor behaviour within the dielectric data, figure 1a, 
with double peaks occurring below 150 K in relative permittivity, ε'. A basic fit to Vogel Fulcher3 for 
lower ε' peak, figure 1b, gives a freezing temperature of around absolute zero however further 
analysis at lower temperatures is planned. 

Pb2Nb2O7 with pyrochlore structure has controversial properties as Hulm4 suggests a 
transition, possibly antiferroelectric, at 15.4 K observed in the dielectric data with linear polarization 
versus electric field data up to 15 kVcm-1 below this peak. Siegwarth et al.5 observe no peak in 
specific heat data down to 3 K. With an aim to investigating Pb2Nb2O7, dense ceramics have been 
synthesised and electrical properties on these samples are plan to low temperature. 

 
 

Figure 1: K6Li4Ta10O30 (a) ε' plot and (b) Vogel-Fulcher fit to lower peak seen, both on heating 
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4 J. K. Hulm, Phys. Rev., 1953, 92, 504–505. 
5 J. D. Siegwarth, W. N. Lawless and A. J. Morrow, J. Appl. Phys., 1976, 47, 3789. 
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In recent years solvothermal methods became important for the synthesis of novel 

solid-state compounds. This is not only due to the mild conditions in comparison with 
classical solid-state synthesis but furthermore to the large variety of reaction parameters. 
Besides the thermodynamical parameters especially the chemical variables strongly 
influence the resulting structures.1 Through systematic dilution of the solvent we were able 
to introduce an additional control parameter in solvothermal synthesis. The effect is 
examined by the tetrahedron connectivity in compounds of the Fe-Se-(en) system. 

 
In 2013 Fe3Se4(en)2 was synthesized by the solvothermal method from iron and 

selenium in ethylenediamine (en) as the solvent.2 The structure contains FeSe2 chains 
build from tetrahedra connected via two opposing edges. By diluting ethylenediamine with 
glycerol we reduced the amine available for the reaction and were able to synthesize two 
new compounds in the Fe-Se-(en) system. Fe10Se12(en)7 contains Fe3Se4 double chains 
where the tetrahedra share three edges. Fe3Se3(en) is build up by FeSe layers with 
tetrahedra connected via four edges. The degree of condensation of the tetrahedra 
increases with the amount of glycerol. Thus we have chemical control over the connectivity 
of the polyhedra in the Fe-Se-(en) system by dilution of the solvent. 
 
1. G. Demazeau, J. Mater. Sci., 2008, 43, 2104. 
2. C. Pak, S. Kamali, J. Pham, K. Lee, J. T. Greenfield, K. Kovnir, J. Am. Chem. Soc., 
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Since the discovery of high oxide ion interstitial conductivity in apatite systems, there has been 
considerable interest in understanding their conduction mechanisms as well as in doping strategies 
to optimize the conductivities [1]. The ideal stoichiometry of these materials can be written 
A10(MO4)6O2 (A = rare earth/alkaline earth; M = Ge, Si), and their structure can be viewed as a 
A4(MO4)6 framework (consisting of corner linked MO4 tetrahedra and AO6 trigonal metaprisms), with 
the remaining A6O2 units within the “channel” of this framework. For the apatite germanates, 
neutron diffraction, 17O NMR, and modelling studies indicate that the location of the interstitial oxide 
ion site is neighbouring the GeO4 units leading to the creation of GeO5 units [2-3]. At high oxide ion 
interstitial contents, e.g. La10-xBixGe6O27 lower symmetry triclinic cells result, leading to partial 
trapping of these defects and lower oxide ion conductivity at low temperatures. In contrast to the 
accepted location for the interstitial oxide ion site in these apatite germanates, there is still some 
discussion on the conduction mechanism. Our computer modelling studies have suggested that 
the oxide ion conduction occurs principally via oxide ion transfer from GeO5 to GeO4 units, with little 
involvement in the channel oxygen [2-3], although some groups have suggested that there is also 
oxide ion conduction contribution down the apatite channels.  Following on from reports of the 
accommodation of carbonate and borate in apatite phosphate biomaterials, we have investigated 
the accommodation of borate into the channels of apatite germanates in order to block the channel 
sites, and hence only allow for conduction via the GeO4/GeO5 network. This work has shown that 
all apatite germanates (from oxygen stoichiometric to oxygen excess) will accommodate borate 
(achieved through heating the pre-synthesised apatite with boric acid at temperatures as low as 
600○C). XRD studies (Fig. 1) show a large expansion along a,b on borate doping, thus expanding 
the size of the channels to accommodate the borate groups. Furthermore, compositions that initially 
show a lower symmetry (triclinic cell) undergo a change to the higher symmetry hexagonal cell on 
borate incorporation (Fig 1 a). An investigation into the oxide ion conductivity of these systems will 
be presented. 

 
Fig 1 X-ray diffraction patterns for (a) La10Ge6O27.xBO1.5 x=0 (triclinic cell), x=0.25, 0.5, 0.8 (hexagonal cell); 
(b) La8Ba2Ge6O26.xBO1.5 x=0, 0.5, 0.8 (hexagonal cells) 
References 
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Ionic liquids (ILs) have recently been noticed as promising reaction media not only 

for the synthesis of nanoparticles, zeolithes or metal-organic frameworks but as well for 
highly air and moisture sensitive metal clusters.[1] As part of our studies regarding the 
synthesis of novel metal clusters in ILs,[2-5]  we obtained several metal carbonyl clusters, 
such as [(Fe(CO)3I(SnI3)2]-, [{Fe(CO)3}4{SnI}6I4]2-, (Fe(CO)4(GeI3)2, FeI4{GeI3Fe(CO)3}2, 
[Ge12I4{Fe(CO)3}8] or [{PbMn(CO)5)}6I8]2- (Figure 1). These compounds are obtained by 
reacting simple precursors such as metal iodides (e.g., GeI4, SnI4, PbI2) and metal 
carbonyls (e.g., Fe(CO)5, Fe2(CO)9, Mn2(CO)10)  in imidazolium-based ILs, e.g., 
[BMIm][NTf2] (BMIm: 1-butyl-3-methylimidazolium, NTf2: bistrifuoridomethansulfonimide) 
or [BMIm][AlCl4]. The obtained compounds are highly air and moisture sensitive, since no 
stabilizing organic ligands for steric shielding are present.[2-5] Especially in the systems 
Sn/Fe and Ge/Fe we observed a significant influence of the applied IL on the obtained 
compounds. In the system Sn/Fe we were able to control the size of the obtained metal 
cluster by varying the size of the alkyl side chain of the imidazolium cation.[2,3] By changing 
the Lewis acidity of the IL by varying the ratio [BMIm]Cl:AlCl3, we could influence size and 
bonding situation of cluster compounds containing Ge-Fe metal-metal bonds.[5] 

Structure and bonding situation of the obtained carbonyl clusters are validated by single-
crystal structure analysis, FT-IR spectra, elemental analysis, DFT calculations and 
Mößbauer spectroscopy.  

 

 
 

Figure 1: Structure of the metal carbonyl clusters [{Fe(CO)3}4{ SnI}6I4]2- (left), 
[{PbMn(CO)5)}6I8]2-  (middle) and Ge12I4{Fe(CO)3}8 (right). 
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The magnetic properties of perovskites have attracted great interest for many 

years. It has been recently proposed that La3Ni2SbO9 is a ‘relaxor ferromagnet’, a 
magnetic analogue of relaxor ferroelectrics1,2. Neutron diffraction shows this compound 
adopts a monoclinic structure with two crystallographically-distinct octahedral sites. One 
of these sites is fully occupied by Ni2+ cation while the Sb5+ and the remaining Ni2+ cations 
are randomly distributed over the other site. Despite being ferromagnetic below 105 K, 
only weak magnetic scattering was observed in neutron powder diffraction patterns 
collected in the absence of an applied field. The intensity of the magnetic Bragg peaks 
increased markedly when a field was applied.  

 
Due to their structural flexibility, perovskites can accommodate a wide range of 

cations with different sizes and charges.  Consequently, the composition can be tuned in 
order to optimise the desired physical properties of the material. A systematic investigation 
of the sensitivity of the relaxor behavior to the identities of paramagnetic and diamagnetic 
cations on the different sites has begun. Both SrLa2Ni2TeO9

3 and Sr3Fe2TeO9
4 behave 

very differently to La3Ni2SbO9. Our latest results on similar Ni-based compounds, including 
copper- and niobium-doped materials, will be presented. 
 

 
Figure 1: The temperature dependence of the molar dc susceptibility of La3Ni2SbxNb1-

xO9. 
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Polymorphism is the ability of a compound to exist in different crystal packing 
arrangements. Different polymorphs possess different physical and chemical properties 
and are therefore of high commercial interest across a range of industries including 
pharmaceuticals, dyes, pigments, food industries. Whilst polymorph screening is routinely 
performed, they are generally a trial and error processes without a targeted outcome. We 
recently reported a new robust template induced crystallisation method for the targeted 
crystallisation of computationally predicted metastable polymorph of carbamazepine 
(CBZ-V)1. The generality of the method (figure 1(a)) was demonstrated by producing novel 
polymorphic forms of cyheptamide (CYH-III). The studies of the growth of CBZ-V and 
CYH–III on the surface of dihydrocarbamazepine form-II (DHC-II) indicate that crystals 
grow both laterally and vertically on the template surface without any face selectivity (figure 
1(b)), indicating epitaxial induced two-dimensional preferential nucleation as the 
mechanism. Analysis of the template surface at different time points of vapour deposition 
indicates Stranski-Krastanov growth mode2. Utilizing the robust templating method, 
following crystal structure prediction studies, we have been able to target and crystallize 
a number of novel polymorphic forms of organic compounds of pharmaceutical relevance. 
The ability to direct the assembly of organic compounds presents significant advancement 
in organic polymorph research. The study suggest that template induced crystallisation 
can be used as a one-step synthetic route for the targeted crystallisation of certain 
thermodynamically plausible computationally predicted polymorphs.  
 

Figure 1: (a) Experimental Templating method. (b) Optical microscope images of CBZ-V 
on DHC-II surface. 
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Multiferroic BiFeO3 shows interesting properties1 at room-temperature depending on crystal 
chemistry2 and crystallite/particle dimensionality3. Especially the complex properties of BiFeO3 in 
the nanoscale are widely studied. However, in spite of intense studies they are not completely 
understood even in single crystals and bulk materials4. Furthermore, it was pointed out, that there 
is an urgent need for more studies focused on the dynamics and the phase diagram of the system4. 
Recently, a temperature-dependent X-ray powder diffraction (XRPD) and 57Fe Mössbauer 
spectroscopy study revealed a series of (Bi1-xFex)FeO3 perovskite-type structures, where the Bi-
site is partially shared by Fe5. Starting from X-ray amorphous nano-crystallites heating time and 
temperature exclusively determine the iron occupancy on the perovskite A-site5. The present study 
reports two samples with iron contents x = 0.17 and 0.33 which were studied using temperature-
dependent neutron time-of-flight powder diffraction at POWGEN (SNS, Oak Ridge, USA) from 10 
K to 650 K, temperature-dependent Raman spectroscopy from 78 K to 710 K, 57Fe Mössbauer 
spectroscopy (between 20 K and 300 K) and XRPD at 11-BM (APS, Argonne, USA). Samples were 
synthesized by a sol-gel route at 873 K. At about 240 K a deep minimum has been observed for 
the change of z-coordinates of the Fe-site and O-sites in the (Bi0.83Fe0.17)FeO3 system, which has 
been shifted to 260 K for (Bi0.67Fe0.33)FeO3. Any anomaly was not observed for the temperature-
dependent atomic displacement parameters (ADPs). The thermal expansion of the metric 
parameters was modeled using DEA approach6. It shows an anomaly at about 340 K for 
(Bi0.67Fe0.33)FeO3 and 370 K for (Bi0.83Fe0.17)FeO3. Fitting the ADPs using Debye approach, all three 
atom-sites showed usual harmonic behavior, leading to a Debye temperature of 288(10) K and 
368(13) K for (Bi0.83Fe0.17)FeO3 and (Bi0.67Fe0.33)FeO3, respectively. Notably, the Bi/Fe and O-sites 
show higher static disorder in (Bi0.67Fe0.33)FeO3 than those in (Bi0.83Fe0.17)FeO3. Two selective 
modes of the samples Raman spectra showed a significant higher frequency shift than those of the 
stoichiometric BiFeO3 perovskite. The determined Grüneisen parameters of these modes are 
surprisingly high. In addition, the suppression of the first A1 mode is followed with temperature 
showing a minimum at about 340 K indicating an enhanced coupling of magnetic, ferroelectric 
and/or structural order parameters7. The 57Fe Mössbauer spectra reveal superparamagnetic 
behavior of the (Bi0.83Fe0.17)FeO3 sample. No Fe2+ signals were found in the 57Fe Mössbauer 
spectra. Additionally, the Raman spectra do not show the normally easily visible signals neither of 
magnetite nor maghemite.  
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The tetragonal tungsten bronze (TTB) structure, A12A24B12B28C4O30, consists of 
a corner-sharing network of BO6 octahedra with 3 types of ‘tunnel’ sites, Fig. 1(a). 
Distortion of the aristotype TTB structure is common due to octahedral tilting to relieve A-
site-generated strain and results in superstructures and incommensurate modulations.1-3 

These, often subtle, structural modifications have important ramifications for the dielectric 
properties and influence whether ferroelectric (FE), relaxor-ferroelectric (RFE) or dipole 
glass behavior is observed;  commensurate superstructures tend to be ferroelectric 
whereas incommensurate structures result in relaxor-like properties.1,3  

Recently we have studied a family of ferroelectric and relaxor-ferroelectric TTBs 
Ba4R0.671.33Nb10O30 (R = La, Nd, Sm, Gd, Dy and Y and  = vacancy) with significant A-
site vacancy concentrations4 using an array of diffraction techniques (high resolution 
neutron, synchrotron x-ray and selected area electron). The structural modulations are 
controlled by varying the A1-(perovskite)site cation size with different R, and allows 
manipulation of the nature of the dipolar ordering. For example, Ba4La0.671.33Nb10O30 (R 
= La) is a commensurate RFE while R = Nd is incommensurate and FE.5 The crossover 
from these behaviours has also been examined in more detail via the solid solution Ba4La1-

xNdx1.33Nb10O30. La-rich compounds display an additional feature of electrical field-driven 
ordering at temperatures between the RFE and paraelectric states, (demonstrated by 
‘pinched’ polarisation-electric field (P-E) loops). The stability of this disordered regime has 
a clear thermal and electric field dependence and may be controlled by the average A-
cation size (i.e. ratio of La:Nd).5 

Figure 1: (a) TTB structure showing unit cells of tetragonal aristotype (black solid line) and simple 
orthorhombic 2  2  2 superstructure (blue dashed line); and (b) ferroelectric polarisation-electric field 
loop and associated current switching 
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1-substituted tetrazoles, their 2-substituted regioisomers as well as 1-substituted 1,2,3-
triazoles belong to prime donor groups utilized for preparation of di- and tridentate ligands suitable 
for construction of iron(II) coordination polymers which exhibits spin crossover phenomenon 
(SCO).1 The common feature of this type of bridging units is tethering of the azole rings through 
nitrogen  atoms. Our studies of iron(II) spin crossover systems based on 1,-di(azolyl)alkanes (L, 
azolyl = tetrazol-2-yl, 1,2,3-triazol-1-yl) revealed that these ligands can form, beside homoleptic 
complexes [Fe(L)3]X2 (X=ClO4-, BF4-) in which six azole rings constitute first coordination sphere, 
also coordination polymers in which beside four azole rings two axially coordinated water, alcohol 
and in particular nitrile molecules are coordinated with metal ion. We have found that the later 
systems exhibit interesting properties because the conformational changes of the coordinated 
nitrile molecules2 or reorientation in relation to coordination octahedron3 influence on SCO 
behaviour. While a formation of the heteroleptic systems is relatively common in the case of 2-
substituted derivatives, it is rather scarce for ligands containing 1,2,3-triazole rings.4 Therefore we 
have decided to modify 1,2,3-triazole based ligands in order to enhance an ability to formation of 
complexes containing coordinated nitrile molecules. For this purpose we have incorporated second 
alkyl substituent into 1,2,3-triazole ring in order to increase steric hindrance in the vicinity of the 
iron(II) ion, thus, preferring coordination of less bulky ligands in relation to azole donors. This 
approach allows to prepare the neutral ligands in which the azole rings can be joined by alkyl spacer 
not only through nitrogen atoms but also through carbon atoms. Here we present an application of 
1,4-di(1-alkyl-1,2,3-triazol-5-yl)butanes (L, alkyl = methyl (L1), ethyl (L2), propyl (L3)) for the 
preparation of the iron(II) spin crossover complexes.  Reactions performed between novel ligands 
and iron(II) perchlorate, in presence of acetonitrile, afforded two types of complexes. L1, L2 and L3 
form homoleptic systems [Fe(L)3](ClO4)2nCH3CN containing noncoordinated acetonitrile 
molecules. They were isolated as two-dimensional 2D (L1, n=2, L3, n=2) and three-dimensional 
3D (L2, n=2) coordination polymers. We have found that ligands containing longer alkyl 
substituents, that is ethyl or propyl group, can form also heteroleptic complexes. 
[Fe(L2)2(CH3CN)2](ClO4)2CH3CN crystallizes as two dimensional coordination polymer (2D) in 
which axial positions are occupied by acetonitrile molecules. Single crystal X-ray diffraction studies 
carried out at various temperatures revealed relatively abrupt SCO occurred between 80 and 100 
K and accompanied by the hysteresis loop. Increasing of the alkyl substituent from ethyl to propyl 
also leads to the formation of the heteroleptic system. Although in 
[Fe(L3)(CH3CN)4](ClO4)22CH3CN the first coordination sphere form only two 1,2,3-triazole rings 
and four acetonitrile molecules. In contrast to the previous system, this one dimensional 
coordination polymer (1D) remains in the high spin (HS) form down to 80K. Detailed results of 
variable temperature single crystal X-ray diffraction studies will be presented.This work was 
supported by the Polish National Sciences Centre Grant No. DEC-2014/15/B/ST5/04771. 
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Vacancies, defects and mixed-valence play a key role in the functional properties of 
perovskites. We prepared Dion-Jacobson layered perovskites (CuCl)La1–xSrxNb2O7 (x = 
0, 0.1 and 0.2) via topotactic ion-exchange reactions with intermediate compounds 
Rb1+xLa1–xSrxNb2O7.1 Rietveld refinement from preliminary synchrotron x-ray diffraction 
data (Fig. 1a) which was only collect at room temperature at ESRF ID22 shows that 
(CuCl)La1–xSrxNb2O7 (x = 0, 0.1 and 0.2) were done in the space group Pbam. The lattice 
parameter a becomes larger with increasing x (a = 7.75148(2), 7.76398(5) and 7.77178(3) 
Å for x = 0, 0.1, 0.2 respectively). Room temperature SXRD also shows orthorhombic 
reflection 1 1 1 (Fig. 1b) for all three samples. Magnetic data (Fig. 1c) for the x = 0 
compound show a broad peak at 15 K signifying quantum dimer formation,2 and a sharp 
upturn at 8 K. However, for two Sr doped x = 0.1 and 0.2 phases, the broad hump is greatly 
suppressed although the sharp upturns at 8 K remain. Neutron diffraction data collected 
at ISIS WISH showed that Sr doped compounds did not exhibit long range magnetic 
ordering at low temperature.  Implications for (CuCl)LaNb2O7 and two Sr doped materials 
will be discussed in light of the existing theoretical results and our experiment data. 
 
  

(a)                                           (b)                                                          (c)                                                         
 
 
 
 
 
 
 
 
 
 
 
                                                (d) 
 

 
Figure 1: (a) Rietveld refinement from SXRD for (CuCl)La0.9Sr0.1Nb2O7 at 300 K; Insert is 

the crystallographic structure of layered perovskite (CuCl)La0.9Sr0.1Nb2O7 (b) SXRD 
shows a superstructure reflection of orthorhombic unit cell at room temperature. (c) 

Magnetic susceptibilities for (CuCl)La1–xSrxNb2O7 showing the magnetic feature at 15 K 
for x = 0 and upturns at 8 K. 

  
1. A. A. Tsirlin, A. M. Abakumov, G. V. Tendeloo and H. Rosner, Phys. Rev. B., 2010, 82, 
054107 
2. A. A. Tsirlin and H. Rosner, Phys. Rev. B., 2010, 82, 060409 
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 Vanadium dioxide VO2 undergoes a very fast reversible metal-insulator phase 
transition close to room temperature (68ºC)1. This phase transition, from monoclinic to 
tetragonal rutile symmetry is due to the pairing of vanadium cations, and is associated 
with drastic changes in the optical/thermochromic properties such as a rapid decrease in 
optical transmittance in the near-IR region. On the other hand, the Sb-V-O system exhibits 
a remarkable structural flexibility2 that is possibly linked to its catalytic properties. A proper 
and exhaustive characterization of the subtle structural variations that happen along the 
wide non-stoichiometry range of its existence limits is required in order to understand its 
functionality. In this work we study one of the existence limits of this phase, close to the 
binary oxide VO2, Sb0.1V0.9O2 sample produce powder X-ray diffractograms that indicate 
already tetragonal symmetry at room temperature with no extra reflection apart from the 
typical rutile reflections, see Fig. 1. However, electron diffraction patterns show diffuse 
intensity surfaces around the basic rutile diffraction maxima, Fig. 1-a. These surfaces are 
perpendicular to the four equivalent <111>* rutile reciprocal directions that can be 
described as 3-dimensional diffuse octahedra between the rutile diffraction maxima, as 
depicted in Fig. 1-b. This diffuse intensity surfaces are caused by short-range ordered rod 
like clusters of the monoclinic VO2 phase inside the tetragonal rutile-like matrix. The 
reversible phase transition is observed at a lower temperature (~50ºC) by electron 
diffraction (Fig. 2-a), neutron diffraction, DSC measurements (Fig2-b) micro-Raman 
spectrometry and magnetic susceptibility measurements. 

 
Figure 1. a) SAED patterns of 

Sb0.1V0.9O4 showing diffuse intensity 
lines. 3-D reconstruction of the 

reciprocal lattice from electron diffraction 
patterns. 

 
 
 
 
 
 
 

Figure 2: Reversible structural 
transition observed by electron 

diffraction (a-c) and by DSC 
measurements (-d) 

1. L. Whittaker et al. J. Phys. Chem. Lett. 2011, 2, 745-758. 
2. A. R. Landa-Canovas et al. .Catal. Today, 2010, 158, 156. 
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The multiferroic material BiFeO3 has attracted considerable attention for its rich 

functional properties, including the room temperature coexistence of magnetic ordering 
and ferroelectricity, and, more recently, the discovery of conduction pathways along its 
ferroelectric domain walls. Here, we show insights into the defect chemistry of BiFeO3 by 
in situ measurements of the electrical conductivity, σ, and Seebeck, α, on undoped, cation 
stoichiometric BiFeO3 and Bi1‒xCaxFeO3‒δ (x = 0.01, 0.03 and 0.05) ceramics as function 
of the temperature, from 450 ºC to 650 ºC, and the oxygen partial pressure, 10‒5 ≤ p(O2) 
≤ 1 atm. Ca-acceptor doping is found to be charge compensated by positively charged 
oxygen vacancies. Nominally undoped BiFeO3 shows a simultaneous increase of both σ 
and α with increasing p(O2), which indicates an intrinsic behaviour with electrons and holes 
as main defect species with almost equal concentrations. However, the p(O2)-dependency 
of σ and α cannot be described by a single point defect model but, instead, it is 
quantitatively described to a high degree by a combination of both intrinsic and acceptor-
doped BiFeO3 characteristics. Undoped bulk-grain BiFeO3 and domain walls containing Bi 
and oxygen vacancies are suggested as possible regions of the intrinsic and acceptor-
doped contributions, respectively. 
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Double perovskites have received a great deal of attention in recent times due to 

their magnetic properties. However, the vast majority of experimental data thus far in this 
field has been generated with powder samples resulting in numerous open questions 
concerning the underlying principles governing the magnetic properties of these complex 
oxides. Here it is shown that, using a flux method, double perovskite iridate single crystals 
as large as 3 mm with formula La2BIrO6 (B = Mn, Fe, Co, Ni, Mg, and Zn) have been 
grown. The structure and properties of the crystals are characterized and are in agreement 
with previous powder data. Therefore, future more detailed experiments will be possible. 
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The electronic states of transition metal oxides usually result from a coupling 

between the three degrees of freedom: charge, orbital and spin states. When metal-metal 
distances are short, direct bonding interactions between M ions having localized t2g orbital 
order can give rise to more complex quantum electronic states called ‘orbital molecules’.1 
They appear as cation site distortions coupled through their orbital ordering and sharing 
of electron density, and are encountered in some mixed-valent vanadium oxides. The 
vanadium oxyphosphate V2OPO4 is a good candidate to display such phenomenon. It has 
been reported to crystallize in the I41/amd space group at room temperature with 
a=5.3613(4)Å and c=12.345(1)Å.2 The structure consists of a stacking along the c axis of 
chains of face-sharing V2.5+O6 octahedra running alternatively along a and b. Short V-V 
distances and possible strong orbitals overlap within these chains motivated a 
comprehensive study of this material.  In this poster, we report on the synthesis, structural 
characterization and properties of V2OPO4. It is found that the structure at room 
temperature is lower in symmetry than reported, which allows for a V2+/V3+ charge order, 
and an associated ferrimagnetism takes place below 160K. DFT calculations confirm this 
charge-ordered semiconducting ferrimagnetic ground state. A structural transition occurs 
at 600K to the tetragonal structure, which displays negative thermal expansion in the 
direction of the VO6 chains.  

 
  

Figure 1: Crystal structures of V2OPO4, evolution of the tetragonal cell volume at high 
temperature, and ferrimagnetic behavior below 160K.  

 
1. J.P. Attfield, APL materials, 2015, 3, 041510 and references within.  
2. R. Glaum, R. Gruehn, Z. Kristallogr., 1989, 91, 186.  
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Composites, which show magnetoelectric coupling at room temperature, have become of 
great interest in the recent years.1 Magnetoelectric coupling offers the possibility to 
manipulate the electric polarization of a material with applied magnetic fields or to switch 
the magnetization by an electric field, offering various new possibilities for example in data 
storage or sensor technology. The basis of the magnetoelectric effect is the connection of 
a ferro/ ferrimagnetic and a ferro/piezoelectric material. Examples for composites with 
magneto-electric coupling are cobalt ferrite/barium titanate and Terfenol-D/lead zirconium 
titanate.2,3  
In the present work, nickel-barium titanate composites with 0-3 connectivity (nickel 
particles in a barium titanate matrix) of different compositions (from 10 up to 70 mol% 
nickel), are reported. Dense ceramics were synthesized by a reductive sintering and 
characterized by X-ray powder diffraction, SEM-investigations and magnetic 
measurements. Special emphasis is put on the investigation of the magnetoelectric 
properties dependence of the external magnetic field and temperature.  
 

 
 

 
Figure 1: Magnetic field (left) and Temperature dependence (right) of 

ME
 of a sample 

with 40 mol% Ni. 
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Oxide chalcogenide materials balance the high electrostatic interactions of the 

oxide anion with more polarizable and covalent interactions of the chalcogenide anion 
leading to unusual structures and coordination environments. Here we describe 
Sr2Fe3Se2O3, with a so far unique crystal structure built of highly distorted mer-FeSe3O3 
octahedra and highly compressed trans-FeSe4O2 octahedra. The two types of polyhedra 
share vertices, edges and faces with one another leading to a complex set of magnetic 
coupling interactions. 

The two iron environments order on different expansions of the nuclear unit cell, 
giving two independent magnetic structures with two Néel temperatures. The Fe2+ in the 
trans-FeSe4O2 polyhedra order on a 2 × 2 × 1 expansion of the nuclear structure with TN 
=55 K. The Fe2+ in the mer-FeSe3O3 polyhedra order on a 2 × 1 × 2 expansion of the 
nuclear structure, and undergo a commensurate to incommensurate magnetic phase 
transition at 93 K, at which temperature the modulation vector of the magnetic order shifts 
from (½, 0, ½)  to (a, 0, ½) where a shifts from 0.5 to a maximum value of ~0.61 at the 
second TN =118 K.  

 
 

 
Figure 1: Nuclear and magnetic structure of Sr2Fe3Se2O3, consisting of two Fe2+ sites 

which order on different magnetic sublattices. 
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Multiferroic BiFeO3 shows interesting properties1 at room-temperature depending on crystal 
chemistry2 and crystallite/particle dimensionality3. Especially the complex properties of BiFeO3 in 
the nanoscale are widely studied. However, in spite of intense studies they are not completely 
understood even in single crystals and bulk materials4. Furthermore, it was pointed out, that there 
is an urgent need for more studies focused on the dynamics and the phase diagram of the system4. 
Recently, a temperature-dependent X-ray powder diffraction (XRPD) and 57Fe Mössbauer 
spectroscopy study revealed a series of (Bi1-xFex)FeO3 perovskite-type structures, where the Bi-
site is partially shared by Fe5. Starting from X-ray amorphous nano-crystallites heating time and 
temperature exclusively determine the iron occupancy on the perovskite A-site5. The present study 
reports two samples with iron contents x = 0.17 and 0.33 which were studied using temperature-
dependent neutron time-of-flight powder diffraction at POWGEN (SNS, Oak Ridge, USA) from 10 
K to 650 K, temperature-dependent Raman spectroscopy from 78 K to 710 K, 57Fe Mössbauer 
spectroscopy (between 20 K and 300 K) and XRPD at 11-BM (APS, Argonne, USA). Samples were 
synthesized by a sol-gel route at 873 K. At about 240 K a deep minimum has been observed for 
the change of z-coordinates of the Fe-site and O-sites in the (Bi0.83Fe0.17)FeO3 system, which has 
been shifted to 260 K for (Bi0.67Fe0.33)FeO3. Any anomaly was not observed for the temperature-
dependent atomic displacement parameters (ADPs). The thermal expansion of the metric 
parameters was modeled using DEA approach6. It shows an anomaly at about 340 K for 
(Bi0.67Fe0.33)FeO3 and 370 K for (Bi0.83Fe0.17)FeO3. Fitting the ADPs using Debye approach, all three 
atom-sites showed usual harmonic behavior, leading to a Debye temperature of 288(10) K and 
368(13) K for (Bi0.83Fe0.17)FeO3 and (Bi0.67Fe0.33)FeO3, respectively. Notably, the Bi/Fe and O-sites 
show higher static disorder in (Bi0.67Fe0.33)FeO3 than those in (Bi0.83Fe0.17)FeO3. Two selective 
modes of the samples Raman spectra showed a significant higher frequency shift than those of the 
stoichiometric BiFeO3 perovskite. The determined Grüneisen parameters of these modes are 
surprisingly high. In addition, the suppression of the first A1 mode is followed with temperature 
showing a minimum at about 340 K indicating an enhanced coupling of magnetic, ferroelectric 
and/or structural order parameters7. The 57Fe Mössbauer spectra reveal superparamagnetic 
behavior of the (Bi0.83Fe0.17)FeO3 sample. No Fe2+ signals were found in the 57Fe Mössbauer 
spectra. Additionally, the Raman spectra do not show the normally easily visible signals neither of 
magnetite nor maghemite.  
1. F. Huang et al. Sci. Rep., 2013, 3 2907 
2. A. Palewicz et al. Acta Cryst., B 2007, 63, 537 
3. A. Jaiswal et al. J. Phys. Chem. C, 2010, 114, 2108 
4. G. Catalan and J.F. Scott Adv. Mater., 2009, 21, 2463 
5. A. Kirsch et al. Z. Naturforsch. B, 2016, 71, 447 
6. M.M. Murshed et al. Mater. Res. Bull., 2016, 84, 273 
7. T. Park et al. Nano Lett., 2007, 7, 766 
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Vulcanization is one of the most essential process in rubber technology. It allows 

to convert the raw material into final rubber products - the engineering material with 
desired physical, chemical and mechanical properties. Vulcanization leads to the 
formation of cross-links between polymer chains. Additional ingredients are used to design 
the proper curing system and to give the vulcanizates specific characteristics. Not all of 
the properties reach an optimal level simultaneously; thus, the goal is to obtain a balance 
of the requirements of the most important properties through the design of the curing 
system and temperature–time cycle.  

All of the known methods of polychloroprene rubber cross-linking have some 
disadvantages (application of cancerogenic products or worse mechanical properties of 
obtained vulcanizates), because of this we are still looking for new methods of 
vulcanization of chloroprene rubber. 

The subject of this work was to examine the influence of new curing agents on 
cross-linking process of chloroprene rubber and its influence of aging coefficient. Rubber 
blends filled with  fumed silica or carbon black, and containing metal acetyloacetonates 
with different transition metals as a new cross-linking agents were prepared. 
Subsequently rheometrical properties of obtained blends were tested. Mechanical 
properties, degree of cross-linking and resistance of thermooxidative aging of vulcanized 
samples  were also examined. 

 It has been found that metal complexes are active cross-linking agents. 
Vulcanized samples were characterized by high value of cross-linking degree and good 
mechanical properties. Taking into account the high value of tensile strength and degree 
of cross-linking, iron acetylacetonate was the most effective curing agent from used metal 
complexes.  

 
 

Figure 1: Metal acetyloacetonates with different transition metals 
Me: Fe(III), Mn(II), Ni(II), Co(II), Cu(II) 
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First observation of electrical conduction in Te4+/Te6+ mixed valence oxides have been 

reported in Cs(M,Te)2O6 pyrochlores where M is cation with 2+, 3+, or 4+ oxidation state. Although 
it was clear that type of M cations significantly affects the electrical properties, the roles of Cs in 
such compounds have not been studied. To deepen the understanding of electronic properties in 
these compounds, we study the preparation and electronic properties of Cs1-xAxAl0.33Te1.67O6) A  =
K, Rb( 2 . The results indicate that Cs plays crucial roles in determining the electrical conductivity. 
While XPS Te3d5/ 2 spectra suggest that all samples contain similar amount of Te4/ +Te6+  mixed 
valency, their conductivities are varied from about 0. 1 Scm in CsAl0. 33Te1. 67O6 to 3×10- 5 Scm in 
RbAl0.33Te1.67O6 and 3×10-7 Scm in KAl0.33Te1.67O6 at 300 K. To explain such large differences, the 
band structure diagrams are proposed based on the UV- Vis spectra and XPS spectra at valence 
band region. When the obtained activation energies of conduction and the proposed band diagram 
are considered, it is concluded that AAl0.33Te1.67O6) A  =K, Rb, and Cs (are n-type semiconductors .
The defect levels in these samples originate from Te4+ whose energy level relative to the conduction 
band minimum is different from samples to samples . Having Cs in the lattice seems to lower the 
band gap energy and increase the valence band maximum. As a result, the energy difference 
between donor states and conduction band minimum is   lowered, which gives rise to the lower 
activation energy of conduction and the higher electrical conductivity.  

Figure 1: Schematic band structures of CsTe2O6 and AAl0.33Te1.67O6 )A  =Cs, Rb, and K( 
 

1. T .Siritanon, G .Laurita, R .T .Macaluso, J .N .Millican, A .W .Sleight and M .Subramanian, Chem .Mater . 
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In recent years, unsubstituted tetrahedrite, Cu12Sb4S13, and solid solutions on its 

base, have become the most investigating compounds in the field of thermoelectrics. Wide 
interest into these compounds arises from the unique combination of their high 
thermoelectric efficiency and ecologically friendly chemical composition. The detailed 
study of the relationship between the phase composition, crystal and electronic structure, 
and thermoelectric properties for the whole tetrahedrite family is still an actual problem, 
the solution of which will allow predicting and developing advanced thermoelectric 
materials. 

In our work, structural changes during low-temperature metal-to-semiconductor 
phase transition and their influence on thermoelectric properties for unsubstituted 
tetrahedrite, Cu12Sb4S13, were investigated. Using wide-temperature range synchrotron 
diffraction data it was found that the phase transition near 80 K is accompanied with 
concerted displacement of Cu(2) and S(2) atoms and Cu(2)-Sb(1) bond elongation while 
preserving the average cubic symmetry. The Cu(2)-Sb(1) separation means the reduction 
of the Sb(1) lone electron pair involvement in the interaction that supposedly should exert 
the phonon scattering. However, mentioned fine structural changes have the strong 
influence on the thermoelectric properties connected with charge carrier transport and do 
not affect the phonon spectrum [1]. For further accurate analysis of thermoelectric 
properties and understanding the distribution of Cu+ and Cu2+ above and below the phase 
transition, the local structure of the compound was investigated by the combination the 
EXAFS and PDF data that will be discussed in this report. 
 

1. D.I. Nasonova, V.Y. Verchenko, A.A. Tsirlin, A.V. Shevelkov, Chem. Mater., 2016, 28, 
6621. 
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Kinetically controlled reduction of  -VVOPO4

 1 provides access to hitherto 
unknown metastable poly-morphs of VIIIPO4. The two polymorphs (m1 and m2) of VPO4 
were obtained by reduction of β-VOPO4 in a flow of moist hydrogen (p = 1 bar, 
p(H2O)/p(H2) = 0.023 bar) at temperatures between 400 and 600 °C.2 The structure of 
VPO4-m1 is closely related that of β-VOPO4. Synthesis at slightly higher temperatures 
leads to VPO4-m2 which is isostructural to Fe2(VO)(P2O7)(PO4).3 Annealing these 
metastable phases in sealed am-poules at 800 °C leads to quantitative transformation into 
the thermodynamically stable modification. 6 

 Figure 1: IP Guinier photographs (Cu-K1) of -VVOPO4, VIIIPO4-m1, and VIIIPO4-m2 (better formulated as 
VIII

2(VIIIO)(P2O7)(PO4) compared to simulated diffraction patterns.2 

 
Substitution of vanadium in VOPO4 by tungsten results in formation of the solid 

solution αII-(V1–xWx)OPO4 (0.04 ≤ x ≤ 0.26) with  II structure type. 2, 4 In an extension of 
our study the members of this series at x = 0.1, 0.2, and 0.25 were exposed to moist 
hydrogen at moderate temperatures. Starting from V0.74W0.26OPO4 (α II structure type,4 
P4/n, a = 6.0979(2) Å, c = 4.2995(1) Å) leads to two new polymorphs (Phase 1 and 2) with 
XRPDs (Figure 2) being still similar to the starting material yet exhibiting significantly 
different lattice parameters (Phase 1: a = 6.248(2) Å, c = 4.226(2) Å, Phase 2 : a = 
6.3907(10) Å, c = 4.1042(8) Å). With respect to its application as catalyst in selective 
oxidation of hydrocarbons it appears interesting, that re-oxidation of Phase 1 in air is 
possible already at a temperature of 400 °C.  

Figure 2: IP Guinier photographs (Cu-K1) of α-VV
0.48VIV

0.26WVI
0.26OPO4, Phase 1, and Phase 2 compared 

to simulated diffraction patterns. 
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The discovery of new materials with appealing functional properties is challenging and 

such properties are often observed in complex oxides containing transition metals in 
intermediate or unusual oxidation states which must be stabilised under special synthetic 
conditions.  

A2+ cations in ABO3 oxides synthesized at ambient pressures are typically large, 
nonmagnetic atoms, such as A = Ca, Sr, Ba, Pb. However, materials with the smaller high-
spin Mn2+ ion at A sites have been synthesized under high-pressure and high-temperature 
conditions. This may introduce additional functionality as found in MnVO3 perovskite which 
is metallic but also has coexisting helimagnetic order of localized S = 5/2 Mn2+ spins. 1 

In here we exhibit our studies on the high pressure synthesized Mn2InSbO6; it crystallizes 
in the non-centrosymmetric Ni3TeO6-type structure (Space Group: R3, a = 5.3843(2) Å, c 
= 14.2123(4) Å). Below 40 K, NPD shows magnetic diffraction that can be indexed with a 
k1 = (0 0 0) propagation vector (Figure 1a). However, when cooling below than 20 K, the 
propagation vector changes along the c direction, becoming incommensurate. This spin 
reorientation stops at 8 K when the magnetic diffraction can be indexed with the k2 = (0 0 
1/8) propagation vector (Fig. 1c). We attribute this to the intrinsic frustration of the structure 
along with the Mn/In disorder. The material was studied by SXRD, NPD, magnetisation 
and specific heat measurements and our findings will be presented.  
  

 

Figure 1: Magnetic structure of Mn2InSbO6 at 20 K (a) with k1 = (0, 0, 0) propagation 
vector and at 2 K (b) with       k2 = (0, 0, 1/8). c) 2D contour plot showing the temperature 

evolution of the magnetic diffraction maxima at high       d-spacing. The panel on the 
right shows the change on the z component of the propagation vector k2 = (0 0 kz). 
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A range of material systems exist in which nanoscale ionic transport and redox reactions 
provide the essential for switching as platform for reconfigurable electronic devices, atomic 
switching and biological like computing. One class relies on mobile cations, which are 
easily created by electrochemical oxidation of the corresponding electrode metal, 
transported in the insulating layer, and reduced at the inert counter electrode. These 
devices are termed electrochemical metallization memories (EMC) or conductive bridge 
random access memories1. The material candidates for electrolytes in such devices have 
been recently studied. They are amorphous sulphides, selenides2, also oxides SiO2, WO3, 
TiO2 or their combinations1 containing metal elements (Ag, Cu) gaining some portion of 
ionic conductivity and becoming mixed ionic-electronic conductors1-10.  
The aim of this work is to present our current results on syntesis and resistive switching of 
chalcogenide based nanowire array cells and planparalel cells. 
 
The authors thanks to project Flexprint TA 01020022 and Epsilon TH02010414 of 
Technological Agency CR for financial support, also grants LM2015082 and 
CZ.1.05/4.1.00/11.0251 from the Czech Ministry of Education, Youth and Sports of the 
Czech Republic. 
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Nowadays the search for new potential solid electrolytes (SE) is a significant 

problem due to the depletion of natural resources of lithium materials. In this connection, 
replacement of these compounds with new substances with high conductivity comparable 
to lithium SE has been becoming a new challenge.  

One of the solutions of this problem is the processing of large amounts of structural 
data by means of special software based on the Voronoi approach. This approach 
operates strict algorithms and provides a system of voids and channels that make up the 
migration map of mobile cations, which perfectly fits the experimental data [1, 2]. In this 
work we have adopted the Voronoi approach to explore silver-ion migration in sulfur- or 
selenium-containing compounds and implemented it into the ToposPro program package 
[3].  
 

 
Figure 1: 1D migration path in the structure of AgMo3Se3 (migration paths as chains), 2D 

migration path in the structure of AgScSe2 (migration pattern as a layer), 3D 
migration path in the structure of Ag0.35Bi0.35Zr0.65S2 (migration map as a 
framework), respectively. 

 
We have analyzed all known ternary and quaternary silver-sulfur(or selenium)-

containing compounds (703 compounds) from the Inorganic Crystal Structure Database 
(ICSD version 2016/1 [4]). In total, 184 compounds were found, whose structures allow 
free migration of silver ions. Out of them, 154 substances are already known as Ag+-solid 
electrolytes, while the remaining 30 compounds, which possess 1D, 2D, or 3D migration 
maps of Ag+ cations, are possible new SE (Fig. 1) and can be recommend for experimental 
testing.  
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Half-Heusler compounds based on XNiSn and XCoSb (X = Ti, Zr, Hf) are promising n- 
and p-type thermoelectric materials for use at intermediate temperatures (300-500 C).1 
They are characterised by a favourable combination of large Seebeck coefficients (S) and 
low electrical resistivities (), leading to large power factors (S2/) but also have relatively 
large thermal conductivities (), which limit the thermoelectric figure of merit, ZT = S2T/ 
to values near one.Here we present an investigation into the structure and properties of 
the Ti1-xVxCoSb1-xSnx solid solution, which connects two 18 valence electron half Heusler 
compounds, TiCoSb and VCoSn. The latter has been theoretically investigated,2 but has 
never been convincingly isolated. X-ray powder diffraction revealed un upper solubility 
limit near x = 0.4 for the Ti1-xVxCoSb1-xSnx series. Rietveld analysis of neutron powder 
diffraction data indicated that TiCoSb is stoichiometric and confirmed that V and Sn are 
successfully co-substituted. Scanning electron microscopy revealed small grain sizes (< 
5 μm) with up to 10-15 % Ta along the boundaries due to reaction with the sample 
containment material. Repeated measurement of the electrical resistivity and Seebeck 
coefficient in a He atmosphere demonstrated that TiCoSb degrades rapidly at elevated 
temperatures. Scanning electron microscopy and X-ray diffraction reveal the formation of 
amorphous TiO2 and crystalline CoSb, suggesting that the degradation is driven by 
exposure to trace amount of oxygen. The unintentional incorporation of Ta leads to n-type 
doping and maximum power factors S2/ = 0.55 mW m-1K-2 at 550 K and S2/ = 0.8 mW 
m-1K-2.3 
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Three new quaternary A2CdSn2S6 (A = K, Rb and Cs) sulfides have been 

synthesized by employing in-situ generated alkali-metal thiosulfate flux [1, 2] and 
structurally characterized by single crystal X-ray diffraction method. The [CdSn2S6]2- 
anionic frame work, built from corner-connected CdS4 and SnS4 tetrahedra, is two-
dimensional in K2CdSn2S6 and three-dimensional in Rb2CdSn2S6 and Cs2CdSn2S6. 
Rubidium and cesium compounds have non-centrosymmetric structure and show SHG 
response.  
 

 

 

 

 

 

 

 

Figure 1: Polyhedral representation of unit cell structure of (left) K2CdSn2S6 and (right) 
Rb2CdSn2S6 compounds. 
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TiFe intermetallic compounds (IMC) and its doped derivatives combine attractive 

hydrogen storage capacity with reduced cost. The main problem of the TiFe-based alloys 
prepared by conventional methods (e.g., high temperature melting) is related to their slow 
and difficult activation required to initiate the hydrogenation process. One of the 
approaches to overcome this issue is mechanical alloying (MA) by a high-energy 
mechanical impact. 

TiFe and Ti0.49Fe0.49Co0.02 nanocrystalline intermetallic compounds were produced 
by arc melting and ball milling from mixtures of elemental titanium, iron and cobalt. 
Nanocrystalline and as-cast alloys have similar compositions and crystal lattice 
parameters, but specific microstructure.To investigate the hydrogenation behaviour of 
nanocrystalline TiFe and Ti0.49Fe0.49Co0.02 alloys the pressure-composition isotherms were 
obtained. The materials synthesized by mechanical alloying demonstrate a significant 
difference of their sorption parameters compared with the corresponding as-cast alloys. 
The former were characterized by extended α-solid solution region and reduced maximum 
hydrogen absorption capacity. Moreover, in the case of nanocrystalline alloys the second 
plateau shifted to very high pressures or completely disappeared. The doping of TiFe by 
third component results in equilibrium pressure decreasing and hydrogen capacity 
reduction both as-cast and MA materials. Isotherms give a macroscopic picture of 
sorption. To understand the origin of peculiar behavior of nanocrystalline metal hydride 
materials additional information is required. The main energy characteristic of the system 
is the heat of hydrogenation/dehydrogenation. The interaction of nanocrystalline TiFe and 
Ti0.49Fe0.49Co0.02 alloys with hydrogen was studied in a Tian-Calvet type heat-conducting 
differential microcalorimeter combined with a Sievert's type measuring system. The heat 
flow profile and the reaction enthalpy as a function of hydrogen content in the sample are 
obtained simultaneously with the isotherm measuring. The shape of the 
hydrogenation/dehydrogenation enthalpy curves versus the amount of absorbed 
hydrogen allows to determine the boundaries of the phase regions, especially in the region 
H/TiFe (Ti0.49Fe0.49Co0.02) > 0.8 where the plateau on the isotherms has a large slope.A 
significant difference between the hydrogenation behaviour of the nanostructured and as-
cast intermetallic compounds based on TiFe was explained by the presence of highly 
disordered amorphous-like regions at the grain boundaries that altered atomic 
coordination surrounding of the octahedral sites.This work was supported in part by 
Russian Foundation for Basic Researches #17-03-01058.  
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The multinary phosphates Ag3M(PO4)2 (M: Cr, In), Ag3M2(PO4)3, Ag3Cr3(PO4)4 and 
AgM Ta(PO4)3 were synthesized as single-phase solids according to literature 1, 2 by 
annealing suitable precursors in air at 550 ≤ ϑ ≤ 1000°C. For de-intercalation the oxidants 
nitronium tetrafluoroborate (NO2BF4) or bromine (Br2) were added to a suspension of the 
phosphate in acetonitrile. The mixture was stirred for several days, in case of bromine as 
oxidant under reflux conditions (ϑ = 60 °C).  

Despite hints on the formation of Cr4+ by electrochemical de-intercalation of 
Li3Cr2(PO4)3

 3 for none of the silver chromium(III) phosphates oxidation of Cr3+ to Cr4+ was 
observed. Nevertheless, de-intercalation of large amounts of the silver from Ag3Cr(PO4)2, 
Ag3Cr2(PO4)3, Ag3Cr3(PO4)4 and AgCrTa(PO4)3 takes place and is accompanied by the 
occurrence of new XRPD pattern (Figure 1). Br2 as oxidant leads in addition to formation 
of equivalent amounts of AgBr. Furthermore, phosphate is identified in the acetonitrile after 
filtering the solid reaction products.  

In case of de-intercalation of the NASICON 4 type phosphates Ag3M2(PO4)3 and 
AgM Ta(PO4)3 (M: Cr, In) assignment of the XRPD pattern of the product phosphates on 
the basis of the parent structure, however with modified lattice parameters is possible. 
This suggests (partial) loss of silver and (!) phosphate without breakdown of the structure 
(Eqns. 1 and 2). Reaction of Ag3In2(PO4)3 with Br2 leads to complete de-intercalation with 
formation of InPO4*, a new, metastable polymorph of InPO4.  

Ag3Cr2(PO4)3 + Br2 → “AgCr2(PO4)2.33” + 2 AgBr + 1/6 P4O10 + 1/2 O2 (1) 

AgCrTa(PO4)3 + x/2 Br2 → “Ag1–xCrTa(PO4)3-(x/3)” + x AgBr + (x/12) P4O10 + x/4 O2        (x ≈ 0.5) (2) 

Ag3In2(PO4)3 + 3/2 Br2 → 2 InPO4* + 3/2 AgBr + 3/4 P4O10 + 3/4 O2 (3) 

Surprisingly, even for the layered phosphates Ag3M(PO4)2 (M: Cr, In) and Ag3Cr3(PO4)4 
oxidative de-intercalation without complete decomposition is observed. Thermal analysis, 
EDX, and 31P-MAS NMR suggest formation of the pyrophosphates AgMP2O7* according 
to Eq. (4) from the orthophosphates Ag3M(PO4)2 (M: Cr, In). The new, metastable 
polymorphs AgMP2O7* are transformed upon heating to 600 °C to the thermodynamically 
stable polymorphs of AgMP2O7. 1, 3  

2 Ag3M(PO4)2 + 2 Br2 → 2 AgMP2O7
* + 4 AgBr + O2            (M: Cr, In) (4) 

 
Fig. 1: XRPDs (IP Guinier technique, Cu-K1) of selected phosphate starting materials and de-
intercalation products.  
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Nanocrystalline spinel phase Li4Ti5O12 (LTO) was synthesised via a solid state 

route by calcining a precursor mixture at 600 °C. The precursor was prepared from a 
stoichiometric mixture of TiO2 nanoparticles and an ethanolic solution of Li acetate and 
activated by ball-milling. The structure of synthesized sample was investigated by X-ray 
diffraction, Raman and 6Li MAS NMR spectroscopy. The capacity of our optimised 
material (142 mAh/g) is superior to that of commercially available spinel, despite the 
considerably smaller BET-specific surface area of the former (Sa = 1.4 m2/g) [1]. The 
superior properties of our material were also demonstrated by galvanostatic 
charging/discharging.Morevoer, it is shown that enhanced surface area clearly 
influences electrochemical properties of LTO.  From these observations, we conclude 
that the presented low-temperature solid state synthesis route provides LTO with 
improved electrochemical performance. 
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Self-healing systems with isocyanates as healing agents are second generation of 

microcapsule-based extrinsic systems. Important part of such systems is suitable shell 
wall, which have to meet a number of requirements. High reactivity of isocyanates forces 
shell wall to be tight and chemically inert to protect polymer matrix from healing agent. 
Appropriate brittleness is needed for self-healing mechanism initiated by microcrack 
propagation. On the other side, microcapsule should be durable enough to be placed and 
dispersed in polymer matrix without healing agent loss. Also adhesion capability of shell 
wall to matrix is desirable feature. 

In this study, we obtained five different polythiourethane (PTUR) microcapsules 
filled with isophorone diisocyanate (IPDI) as healing agent. Three PTUR shell walls were 
synthesized from thiourethane prepolymer (containing two reactive isocyanate groups) 
and different thiols: 3,6-Dioxa-1,8-octane-dithiol (DODT), trimethylopropane tris(3-
mercaptopropionate) (TTMP) and pentaerythritol tetrakis(3-mercaptopropionate) 
(PETMP). Another two PTUR microcapsules were obtained from IPDI and TTMP or 
PETMP. All self-healing systems were dispersed in epoxy matrix with triethylenetetramine 
adduct as hardener. Obtained composites were tested for self-healing efficiency using 
three point bending test and scratch test. Fourier transform infrared spectra were taken to 
investigate mechanism of self-healing process. Images from optical microscope and 
atomic force microscope allowed to evaluate morphology of microcapsules and their 
dispersion in epoxy matrix, respectively. Obtained results proves correlation between shell 
wall type and self-healing efficiency. 
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Topological Insulators (TIs) remain an extensively investigated field in solid state 

chemistry. Regarding their potential usage in spintronics or quantum computing, 
especially 2D-TIs are of great interest. Therefore, broad studies on layered structures with 
large spin orbit coupling are being conducted. BiTeI is in focus in the last years thanks to 
giant Rashba bulk-band splitting under ambient conditions and a topological transition 
under high pressure.[1] The BiTeI parent compound can be chemically modified via 
addition of a corrugated bismuth-layer between the [BiTe ⁄ I ⁄ ] layers to produce 
Bi2TeI.[2] 

In cooperation[3,4], we theoretically characterize the electronic properties of Bi2TeI. 
Upon insertion of the [Bi ]-layer (a 2D TI) into BiTeI, Bi2TeI evolves into a 3D weak TI 
and a topological crystalline insulator under ambient conditions.  

We report the consecutive new compound Bi3TeI that contains even more [Bi ]-
layers in the BiTeI matrix, and show that topological surface states accompany its metallic 

bulk electronic structure.[5] We determine the crystal 
structure of Bi3TeI (see left) by X-ray diffraction on 
single crystals and powdered samples. Elucidation 
of inversion twinning was taken into account in the 
course of the structure refinement and was 
supported by electron diffraction and high-resolution 
TEM. Structure determination of Bi3TeI revealed yet 
another stacking sequence with  [BiTe ⁄ I ⁄ ]  
triple layers. Bi3TeI crystallizes in the polar space 
group R3m (no. 160) (a = 4.4012(1) Å, c = 32.231(2) 
Å, R1 = 1.9%). Thus, the real structure of Bi3TeI is 
very prone to intergrowth of polar domains. In the 
real crystal, correlation of atomic positions occurs 
pointing towards polysynthetic twinning.  

Obviously, different stacking motifs of the 
triple layers with [Bi ]-layers lead to a family of structures [Bi2]m[BiTe3/3I3/3]n similar to 
[Bi2]m[Bi2Te3]n. In this context one can observe commonalities in electronic properties with 
increasing m. 

 
[1] K. Ishizaka, M. S. Bahramy, et al., Nat. Mater. 2011, 10, 521–526. 
[2] S. V. Savilov, V. N. Khrustalev, et al., Russ. Chem. Bull.  
[3] P. Tang, B. Yan, W. Cao, S.-C. Wu, C. Felser, W. Duan, Phys. Rev. B 2014, 89, 
041409. 
[4] I. P. Rusinov, T. V. Menshchikova, A. Isaeva, et al., Sci. Rep. 2016, 6, 20734. 
[5] A. Zeugner, M. Kaiser, P. Schmidt, T.V. Menshchikova, et al., Chem. Mater. 2017, 
29, 1321–1337.  
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The preservation of waterlogged archaeological wooden finds, such as Tudor 

warship the Mary Rose and her artefacts, continues to face challenges due to the 
biologically, chemically, and mechanically induced changes caused by exposure to the 
marine environment. When the ship was buried under the seabed, sulfur-reducing bacteria 
formed hydrogen sulfides from sea-salt sulfates. This hydrogen sulfide diffused into the 
wood and reacted with iron ions from corroded fixtures, forming iron sulfides. These 
sulfides rapidly oxidize in presence of iron under atmospheric conditions and can form 
dangerous acids. These acid sources lodged inside the wood are becoming one of the 
major threats which can potentially degrade the wood structure. The evaluation of sulfur 
and iron based sources is being monitored in real time scale by the element specific 
technique, X-ray absorption near-edge spectroscopy (XANES).1 Initial treatments included 
spraying the hull with polyethylene glycol (PEG-200 and PEG-2000) to maintain the wood 
structure stability.2 While PEG was being sprayed, a small amount of oxidized sulfur was 
observed on the wood surface (Fig. 1a). Once the drying stage began, sulfur oxidized on 
the surface and further into the core wood (Fig. 1b). Our group is designing a range of 
tunable nanostructures based on functionalized nanoparticles as conservation platforms 
to completely remove these harmful iron and sulfur entities. These magnetic nanoparticles 
are functionalized with chelating agents, such as porphyrin derivatives, to selectively bind 
to and sequester these harmful entities. The magnetic nature of the composite allows for 
removal via the application of an external magnetic field. This is a highly challenging and 
exciting conservation approach for archeological waterlogged wooden finds using tunable 
engineered magnetic nanocomposites. 
 

   

Figure 1: The Mary Rose ship hull (a) during PEG spray on (b) once drying stage begun 
under controlled conditions. Inset shows variation in absorbance of Sulfur K-edge 
as a function of depth  

1. Schofield, E. J. Nanoparticle de-acidification of the Mary Rose. Materials Today, 2011, 14, 7-13. 
2. Jones, A. M. For future generations: conservation of a Tudor maritime collection. 2003, Portsmouth: The 

Mary Rose Trust. 
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Phosphorus is difficult to react with tellurium due to the instability of P-Te bonds 

and no binary phosphorus tellurides exist.1 In this work, amorphous P100-xTex (x = 10 and 
20) samples were synthesized by mechanochemical solid state reaction from elemental 
powders using by a planetary ball mill (Fritsch, P-5) under high purity argon gas 
atmosphere. The pulsed neutron diffraction measurements were performed on these 
amorphous samples in order to investigate their atomic scale structures. 

Figure 1 shows the neutron diffraction results for the amorphous P100-xTex samples, 
along with those for pure P. A sharp peak at about r = 2.35 Å in the total pair distribution 
function for pure P corresponds to the P-P covalent bonds. With increasing Te, the P-P 
correlation peak remains at the approximately same distance but decreases in intensity. 
On the other hand, a new peak appears at about r ~ 2.5 Å and increases in intensity with 
increasing Te. The peak is attributed to the P-Te bonds because its distance is close to 
the sum of covalent radii of P and Te (~ 2.48 Å)2 and the P-Te bond length in BaP4Te2 
ternary compound.3 Another peak is observed at around r ~ 2.8 Å for P80Te20 composition 
and is attributed to the Te-Te bond. Its distance is slightly smaller than the Te-Te bond 
length (2.86 Å) in the crystal structure of trigonal Te.4 The coordination numbers calculated 
from these peaks indicate that P atoms are three-coordinated and Te atoms are two-
coordinated. 
 

 

Figure 1: Structure factors, S(Q), and pair distribution functions, g(r), for amorphous P100-

xTex samples (x = 0, 10 and 20) obtained from neutron diffraction 
measurements. The data are shifted vertically for clarity. 

 

1. Y. Monteil and H. Vincent, Z. Naturforsch., 1976,  31 b, 668. 
2. R. T. Sanderson, J. Am. Chem. Soc., 1983, 105, 2259. 
3. S. Jörgens, D. Johrendt and A. Mewis, Chem. Eur. J., 2003, 9, 2405. 
4. P. Cherin, P. Unger, Acta Cryst., 1967, 23, 670. 
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Mineral francisite Cu3Bi(SeO3)2O2Cl is characterized by the rare combination of 

chemical elements met in this mineral only. It was shown that Bi can be substituted by Y 
or lanthanide1, 2, thus resulting in the formation of a family of isostructural compounds. This 
family of compounds is a good example of a situation where correlations between 
composition, crystal structure and physical properties can be observed and evaluated 
experimentally. 

The complex investigation can be done on Ln substituted francisites owing to the 
fact that the full row of rare earth compounds is available for experimental study. It should 
be noted, however, that the presence of lanthanides in the francisite’s structure makes its 
magnetic response significantly more complicated, in part due to the complex interplay of 
rare earth and transition metal anisotropies. The complications can be avoided in cases 
of nonmagnetic trivalent Ln metals, i.e. La, Eu and Lu. 

In this study synthesis, crystal structure and magnetic properties of 
Cu3M(SeO3)2O2Cl (M = Y, La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) are 
presented. Interrelation between chemical composition, crystal structure and magnetic 
behavior of francisite-like compounds is discussed. 

Polycrystalline samples were obtained by solid-state reaction in evacuated quartz 
tubes. CuO, CuCl2, SeO2, M2O3 (M = Y, La, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, Lu), 
TbOCl and PrOCl were used as starting compounds. All preparatory procedures with SeO2 
were carried out in a dry box purged with argon. Preliminary characterization by powder 
X-ray diffraction confirmed phase purity according to the previously suggested structural 
model. Structure refinement was performed by Rietveld method on powder samples using 
JANA 2006 software. As the initial model, the structural data for Cu3Bi(SeO3)2O2Cl were 
used. The magnetization and susceptibility data were taken over the temperature range 
2–400 K in applied field strengths up to 7 T.All compounds obtained crystallize in 
orthorhombic Pmmn space group. A nearly linear dependence of the unit cell parameters 
of lanthanide selenite oxohalides with a francisite-type structure on the ionic radius of Ln3+ 
(CN = 8) is observed. It was shown that all compounds of francisite family reach long-
range ordered antiferromagnetic state at low temperatures and exhibit field-induced 
metamagnetic transition prior to full saturation in moderate magnetic field.This study was 
supported by RFBR grant №16-03-00463a. 
 

1. P.S. Berdonosov, V.A. Dolgikh, Russ. J. Inorg. Chem., 2008, 53, 1353- 1358. 
2. R. Berrigan, B.M. Gatehouse, Acta Cryst., 1996, C52, 496-497. 
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In this study, we synthesized and characterized narrow-band red-emitting 

K2SiF6:Mn4+ phosphors using various K2MnF6 sources as the activator of Mn4+. In General, 
K2MnF6 was prepared by using the redox reaction in aqueous solutions mixed with KF, 
KMnO4, HF and H2O2. The oxidation states of Mn was determined by analyzing the XRD 
patterns of as-synthesized K2MnF6. The XRD patterns of the samples showed K2MnF6 or 
mixed form of KMnF4 and K2MnF6. We also synthesized K2SiF6:Mn4+ phosphors with 
commercial K2MnF6 powders (Trikaiser, in Korea). The XAS result of commercial K2MnF6 
showed oxidation states with +4.1 to +4.5. The oxidation state of manganese in the 
synthesized K2SiF6:Mn4+ phosphors using this K2MnF6 was +4.0 to +4.4. During the 
synthesis of K2SiF6:Mn4+ phosphors, manganese was not oxidize to Mn+5 or Mn+7 or 
reduce to Mn, Mn2+ or Mn3+. The photoluminescence spectra of K2SiF6:Mn4+ phosphors 
doped with our synthesized K2MnF6 and commercial K2MnF6 showed a narrow emission 
band with 3 peaks in range from 610 to 650 nm (excited with 450 nm). The main peak at 
630 nm had a narrow full width at half maximum (<10 nm). K2SiF6:Mn4+ phosphor prepared 
with commercial Mn4+ reagent had the best emission intensity. In conclusion, the important 
factor of preparing efficient K2SiF6:Mn4+ phosphors is to control the oxidation state of Mn 
activator compound. Finally, some white LEDs were fabricated with the as-synthesized 
K2SiF6:Mn4+ phosphor with LuAG:Ce3+ phosphor and their electroluminescent properties 
would be reported. 

 
 

 
 

Figure 1: Synthetic process of K2SiF6:Mn4+ phosphors by co-precipitation method 

 
Figure 2: SEM image and PL spectra of K2SiF6 doped with various K2MnF6 

 

1. M. Kim, W.B. Park, B. Bang, C.H. Kim and K.-S. Sohn, J. Mat. Chem. C., 2015, 3, 5484. 
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Transition metal compounds have been of great and enduring interest to scientists 
because of the ability of transition metals to adopt stable oxidation states with unpaired 
electrons in partially filled d-orbitals, which interact strongly with the ligands chemically 
bound to the metal. For these complex metal oxides, substitution of oxide ions with hydride 
ions, to form oxide-hydride phases, can be utilized to modify the physical behaviour, as a 
result of changing the local electronic configuration of transition metals. Unfortunately, the 
poor chemical stability of complex transition metal oxide-hydrides and difficulties needed 
to overcome in synthesis have restricted the number of existing examples.  
 
Reaction of the n = 1 Ruddlesden-Popper phase LaSr3NiRuO8 with CaH2 yields a body-
centred orthorhombic phase with a composition LaSr3NiRuO6 (as determined by TGA). 
Further reaction with CaH2 yields a body-centred tetragonal phase which gains 4 
equivalents of oxygen when reoxidized back to LaSr3NiRuO8. Considering the lattice 
parameters of the phase and the likely oxidation states of nickel and ruthenium, a 
formulation of LaSr3NiRuO4H4 is suggested. The cobalt-containing analogue follows 
exactly the same reaction profile. The reduced oxide-hydride phase has similar lattice 
parameters (a = 3.65 Å, c = 13.35 Å) compared with the nickel case. After collecting 
neutron powder diffraction data from WISH diffractometer at ISIS Facility, both structures 
and anion compositions have been confirmed. 
 

 
 
1. F. Denis Romero, S.J. Burr, J.E. McGrady, D. Gianolio, G. Cibin, M.A. Hayward, Journal of the American 
Chemical Society 135 (2013) 1838-1844. 
2.  M.A. Patino, D. Zeng, R. Bower, J.E. McGrady, M.A. Hayward, Inorganic Chemistry 55 (2016) 9012-9016. 
3.  M.A. Hayward, E.J. Cussen, J.B. Claridge, M. Bieringer, M.J. Rosseinsky, C.J. Kiely, S.J. Blundell, I.M. 
Marshall, F.L. Pratt, Science 295 (2002) 1882. 
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Next to the PbFCl-type europium(II) hydride halides EuHX 1,2, hydride halides with the 

composition Eu2H3X 3 (X = Cl, Br and I) were found recently. They exhibit a stuffed anti-CdI2-type 
crystal structure. With EuHCl2a the first mixed-anionic hydride chloride could be investigated 
concerning its luminescence properties. It shows a bright green luminescence upon excitation at 
377 nm and only limited concentration quenching for a fully-concentrated system takes place.  

With LiEu2HOCl24 and Eu5H2O2I4 the first hydride oxide halides of divalent europium could 
be synthesized as single crystals. The lithium-containing hydride oxide chloride crystallizes in a 
new structure type that can be derived from the PbFCl-type structure (Figure). It shows a large 
similarity with the crystal structures of the LiRE2HO3

5 representatives (RE = La – Nd) as well as the 
hydride nitrides LiSr2H2N and LiEu2H3N.6 The Eu2+ cations are surrounded by two hydride, two 
oxide and five chloride anions forming a capped square antiprism, but the coordination spheres are 
slightly different, since for (Eu1)2+ a trans- 
[(H–)2(O2–)2] and for (Eu2)2+ a cis-[(H–)2(O2–)2] square is realized. The crystal structure consists of 
double layers composed from Cl– anions, followed by a layer of Eu2+ cations, a layer built up by O2– 
and H– anions and a second layer of Eu2+ cations. The Eu2+∙∙∙Eu2+ contacts between the Eu2+ layers 
along [100] are astonishingly short with values of 326 and 329 pm. LiEu2OCl2H exhibits a bright 
yellow luminescence with an emission maximum at 581 nm upon excitation with violet-blue 440 nm 
light. 

The crystal structure of Eu5H2O2I4 is built up by edge-sharing anion-centered [HEu4]7+ and 
[OEu4]6+ tetrahedra forming columns parallel to the c axis. Parallel to the ab plane these columns 
are stacked like a brick in the wall arrangement with the iodide anions serving as mortar in between. 

 

 
Crystal structures of EuHCl (left), LiEu2HOCl2 (mid) and excitation/emission spectra of LiEu2HOCl2 (right). 

1. H. P. Beck, A. Limmer, Z. Naturforsch. 1982, 37b, 574–578. 
2. a) N. Kunkel, D. Rudolph, A. Meijerink, S. Rommel, R. Weihrich, H. Kohlmann, Th. Schleid, Z. Anorg. Allg. 

Chem. 2015, 641, 1220–1224; b) D. Rudolph, M. E. Bohem, Th. Schleid, Z. Kristallogr. 2017, Suppl. 37, 
106–106. 

3. a) O. Reckeweg, F. J. DiSalvo, S. Wolf, Th. Schleid, Z. Anorg. Allg. Chem. 2014, 640, 1254–1259; b) O. 
Reckeweg, F. A. Weber, B. Blaschkowski, Th. Schleid, Z. Anorg. Allg. Chem. 2014, 640, 2337–2337; c) 
D. Rudolph, Th. Schleid, Z. Anorg. Allg. Chem. 2016, 642, 1036–1036. 
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Bulk chalcogenide glasses (GeS2)90(Ga2S3)10 doped with Ho3+ and Er3+ ions have been 
prepared by melt-quenching technique and investigated the compositional dependence of 
upconversion photoluminescence (UCPL) emission intensity. The spectroscopic 
characterization of prepared chalcogenide glasses has been carried out through X-ray 
diffraction, Raman, absorption and luminescence spectra. All of the measured XRD 
patterns confirmed the amorphous characteristic of the perpared glasses. The glass 
forming ability, chemical stability and thermal stability increase with erbium addition. 
Optical absorption and fluorescence spectra in the spectral range 500-3000 nm were 
studied at room temperature. The observed absorption bands are due to the transitions 
from the ground state 4I15/2 to the 4I13/2, 4I11/2, 4I9/2, 4F9/2, 4S3/2 and 2H11/2 excited states of Er3+ 
ion. Luminescence properties of bulk glasses were investigated by varying the excitation 
wavelength. For all the codoped glasses, the three upconversion emission bands centered 
at 530, 550 and 661 nm were obtained at pumping wavelengths of 980 nm, which 
correspond to 2H11/2→4I15/2, 4S3/2→4I15/2 and 4F9/2→4I15/2 transitions, respectively (Fig.1). 
The green and red photon up-conversion emission becomes stronger by increasing with 
erbium addition. The efficiency of 4f-4f transition in glasses is steadily increasing with 
increasing Er3+ ions content.  
 

 
 
Figure 1: UCPL emission spectra of the chalcogenide glasses (GeS2)90(Ga2S3)10 doped 
with Ho3+ and Er3+ ions at pumping wavelength of 980 nm laser. 
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Conventional zeolites have been recognized as 3D tetrahedrally-connected frameworks 

however some of them are also known to exist in various 2D layered forms. Recently, the hydrolysis 
of UTL germanosilicate to layers (IPC-1P) has started the new branch in 2D zeolites chemistry. 
Modifications of the layered precursor IPC-1P led to the discovery of novel, 3D zeolites i.a. IPC-4 
(PCR) and IPC-2 (OKO) [1]. This novel approach, called ADOR (Assembly-Disassembly-
Organization-Reassembly) is an alternative way of zeolite synthesis, more tunable than 
conventional solvothermal method. 

Recently, Jorda et.al. showed a new way of zeolite transformation so called pressure-
induced reconstructive phase transition process [2]. It was performed using diamond anvil cell 
(DAC) device which allows bringing material under high pressure (up to hundreds GPa). Herein, 
we present the very first transition of layered zeolite precursor (IPC-1P) into 3D zeolite IPC-2 (OKO) 
using hydrostatic pressure. Using DAC device under the pressure of 1 GPa at 200 oC the IPC-1P 
was transformed into IPC-2 zeolite. Calcination of transformed phase showed stability of the 
obtained zeolite. The further investigation have shown that the temperature and pressure of 
treatment have significant influence on the structure of final material. In principle, this approach can 
be used for preparation of other ADOR zeolites. Moreover, theoretical calculations have shown that 
this method is likely to produce the structures with higher framework energies. Thus, there is high 
possibility that hydrostatic pressure could be a way to get hydrothermally unfeasible zeolites. 
 

 

Figure 1: Experimental XRD powder pattern of IPC-2 (OKO) zeolite synthesized by use 
of hydrostatic pressure on the layered zeolite precursor IPC-1P. 
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Despite overall success of lithium-ion based energy storage technology, a further research 
on Li-ion batteries (LIBs) towards higher power/energy density, lighter weight, safer and lower cost 
is of high scientific and technological relevance [1]. Among many criteria which ensure the stability 
of the Li-ion cells over a broad range of environmental conditions the operating temperature is one 
of the most important. Within the recommended range of LIBs operation (045 °C for charge and -
2060 °C for discharge) their use in countries with hot and frigid climate becomes somewhat 
bounded. In aerospace applications, where stable energy storage and conversion under more 
extreme environmental conditions is demanded over a long period of time, a limited low 
temperature performance of LIBs turns out to be even more critical. Therefore, broadening the 
temperature range of stable LIBs performance is an emergent research task Literature provides 
somewhat contradictory and diverse opinions about the origin of the limited performance of LIBs at 
low and high temperatures. However, the role of electrode materials was poorly studied, in 
particular of electrode structure on the cell performance at different temperatures, and no 
comprehensive electrochemical and structural studies of LIBs at both low and high temperatures 
were found. This may be connected to the fact that despite the relatively simple principle of 
operation modern LIBs are advanced electrochemical devices which have numerous degrees of 
freedom and complex interactions dependent on chemistry, morphology, packing density etc. Their 
reliable identification and study requires experimental approaches capable to give information 
about processes occurring “live” inside the battery thus eliminating the risks of possible materials 
oxidation, electrolyte evaporation and battery state-of-charge changes. Among different 
experimental methods capable to probe the structure of Li-ion cell components under real, and also 
non-ambient, operating conditions neutron scattering is already a well-established tool with 
numerous advantages [1-2]. High penetration depth is an important feature of thermal neutrons 
enabling non-destructive studies of commercial LIBs. Among various factors determining kinetics, 
performance and stability of a Li-ion cell, the operating temperature is most relevant one. A range 
of key parameters of electrical cell (depth of discharge, accessible cell capacity and discharge time, 
all typically optimized at ambient temperature) is affected by temperature [2]. Another important 
factor is the mismatch in thermal expansion of various constituents of Li-ion cell, which may lead 
to mechanical stress and, thus, affect its stable operation and performance. In the current 
contribution we report combined in situ electrochemical and neutron diffraction studies on Li-ion 
batteries of the most common design (18650-type, based on LiCoO2 as positive and graphite as 
negative electrode). Temperature-resolved studies were performed over a broad temperature 
range (-123°C – 100 °C) on cells in charged and discharged state. Besides this, ex situ temperature 
dependent measurements of commercial graphite and LiCoO2 powders, as well as anode in 
nominally state-of-charge 100 % were carried out. Temperature dependent evolution of crystal 
structure was probed in cathode and anode materials in both ex and in site modes. In the current 
contribution obtained results will be presented and discussed in terms of cell integrity and 
performance. 

 
1. H. Ehrenberg et al., (2012). In Situ Diffraction Measurements: Challenges, Instrumentation, and Examples. 

In E.J. Mittermeijer & U. Welzel (Eds.), Modern Diffraction Methods (528). Weinheim: Wiley-VCH. 
2. A. Senyshyn et al., Low-temperature performance of Li-ion batteries: The behavior of lithiated graphite, 

J. Power Sources 2015, 282, 235-240 
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Several layered oxypnictides of the general formula A2MO2M2Pn2 have been synthesized 
and investigated so far in which A is an alkaline earth metal, M transition metals, and Pn 
is a pnictogen. The structures possess both MO2 planes and antifluorite M2Pn2 layers. The 
M2Pn2 layers are separated by two A-containing layers and a MO2 layer according to the 
stacking order of (A)(MO2)(A). These oxypnictides have interesting magnetic structures 
and are structurally similar to the iron arsenide superconductor parent materials, in which 
superconductivity is achieved through chemical doping or applying sufficiently high 
pressure. In this work, we successfully synthesized a Cr-based oxypnictide 
Ba2CrO2Cr2As2, which is isostructual with Sr2MnO2Mn2As2 except for Ba-substitution of Sr-
site and Cr-substitution of Mn-site.1 The lattice parameters of Ba2CrO2Cr2As2, 
a=4.05332(9) Å and c=20.55711(6) Å, are larger than those of its Sr-analogue 
Sr2CrO2Cr2As2, which was the first reported chromium-containing oxypnictide.2 Our group 
has recently synthesised phase pure samples of Sr2CrO2Cr2As2 allowing variable 
temperature neutron powder diffraction studies to be performed. From these studies we 
have been able to show that Sr2CrO2Cr2As2 is an antiferromagnet with an ordering 
temperature TN around 600 K. This has lead us to investigate the synthesis and magnetic 
properties of the barium analogue in order to compare the magnetic structures which show 
magnetic ordering in both the [CrO2]2+ and [Cr2As2]2- layers and their temperature 
evolution. 
 

 
 

Figure 1.The crystal structure of Ba2CrO2Cr2As2 
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We have been studying synthesis and physical properties of Hg including metal oxides 

prepared under high-pressure, especially with a combination of 4d/5d transition metals. For 
example, we reported Hg2Ru2O7 with pyrochlore-type structure which can be stabilized ~4 GPa 
shows metal-insulator transition around 100 K accompanied with magnetic suppression [1]. In the 
study and the following related studies on A-B-O (A=Ca, Cd, Hg, B=Rh, Ir, Re) we have 
investigated a roll of divalent A cations which have almost the same ionic radii but different 
covalent property. It is very interesting in the variation of properties with keeping the same BO-
network. In these studies, high-pressure method is a quite effective tool to stabilize BO-network.  
In this presentation, we would like to introduce our recent research on high-pressure synthesis of 
A-Pt-O system. Pt is a metal so-called “valence skipper” with di-valence and tetra-valence, which 
is expected unique structure and novel properties. However, little is known in the studies on this 
system. Therefore, we have started to investigate this system for the purpose to develop new 
compounds and properties.   

 
 We focused on APt3O6 which has two-types of Pt(II) and 
Pt(IV) as shown in Fig.1(a). The existence of CdPt3O6 and possibility 
of HgPt3O6 were reported by Hoekstra et al. [2], but the details of 
structure and properties were not cleared. Therefore, we firstly 
investigated to optimize synthetic condition. Samples were prepared 
from a mixture of high-purity (~4N) CaO, CdO, HgO, PtO2 and these 
metals’ hydroxides with a nominal composition of AxPt3O6 (x=1–1.2). 
They were heated under 2–6 GPa at 700–1,000˚C for 20–60 min 
with using cubic-anvil-type high pressure machine. The products 
were characterized by powder XRD and SEM-EDX. These data 
indicated that there are some range of non-stoichiometry on the A-
sites, and as for HgPt3O6 it needs to start from Hg rich composition 
(20% excess) because of a loss of Hg by reaction with golden cell.  
Electrical resistivity and magnetic susceptibility were measured by 
PPMS and MPMS, respectively. Theses exhibit semiconductivity as 
shown in Fig.1(b), and the energy gaps which were estimated from 
Arrhenius plot are as low as 0.04 eV for Cd and 0.02 eV for Hg. The 
gaps are very low, so it might show metallic property by small 
amount of substitution on A site, e.g. by Tl, or application of external 
pressure during measurement.  They are paramagnetic and no 
anomaly on the range of 4–300 K.   

 

1. A. Yamamoto, H. Takagi, et al., J. Phys. Soc. Jpn., 76, (2007), 
043703. 

2. H.R. Hoekstra et al, Advances in Chemistry, ed. U. Rao, ACS, 
Washington DC, 1971. 

  

  
 
Fig. 1 (top) Crystal 
structure model of 
APt3O6, (bottom) 
Temperature 
dependences of electrical 
resistivity of APt3O6 

(A=Cd, Hg)  
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A variety of lead-free ceramics are being developed for use in electronic devices such as 
actuators, sensors, transducers and capacitors to replace lead containing materials that 
are currently being used. Dielectric materials with relaxor ferroelectric or antiferroelectric 
behaviour are being investigated for potential use in energy storage devices. Ideally these 
materials show a high breakdown potential, low remnant polarization and high saturation 
polarization. Here we show that double A site substitution in Bi0.5Na0.5TiO3 (BNT) by Ba 
and Sr in the system (Bi0.5Na0.5TiO3)1-x(Ba0.4Sr0.6TiO3)x (BNT-BST) allows for a shift in the 
temperature of the maximum in dielectric constant (Tm) of (BNT) to room temperature and 
below, which would allow for optimum performance in dielectric energy storage 
applications. We have successfully produced a number of compositions in the BNT-BST 
system by solid state synthesis and succeeded in lowering Tm to approximately -35 °C for 
BNT0.2BST0.8 and 50 °C for BNT0.5BST0.5. The electrical properties have been 
characterized and reveal that the energy storage density of bulk ceramics is above 1 J cm-

3 (Fig. 1a). High resolution neutron diffraction has been used to monitor details of the 
ferroelectric to antiferroelectric transition (Fig.1b and c). The high energy storage density 
of these materials suggest genuine potential for energy storage applications. 

 
  

 
 
 
Figure 3, (a) High field of current-electric field (IE) and polarization-electric 
field(PE) loops for BNT0.5BST0.5. (b) Thermal variation of unit cell volume in 
BNT0.5BST0.5. (c) Thermal dependence of Gaussian peak variance function in 
BNT0.5BST0.5  
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Of all the ingredients used to modify the properties of rubber products, the filler 

often plays a significant role. Carbon black and silica are the most common reinforcing 

agents. These materials improve properties such as tensile strength and tear strength; 

also, they increase hardness, stiffness, and density and reduce cost.  

Almost all rubbers require reinforcement to obtain acceptable use properties. The 

size of the particles, how they may be interconnected (structure), and the chemical activity 

of the surface are all critical properties for reinforcing agents.   

The aim of the study was to examine the influence of fillers on the activity of the 

new cross-linking agents used for curing polychloroprene rubber. In this work two different 

fillers were used. 

Rubber blends filled with various fillers, and containing metal acetyloacetonates 

with different transition metals as a new cross-linking agents were prepared. Subsequently 

rheometrical properties of obtained blends were tested. Mechanical properties, degree of 

cross-linking and resistance of thermooxidative aging of vulcanized samples  were also 

examined. 

Obtained data shows that application carbon black as filler resulted in shortening 

optimal vulcanization time (what is crucial in rubber industry) comparing to samples filled 

with fumed silica. Furthermore samples filled with carbon black were characterized by 

better mechanical properties (tensile strength, elongation at break), higher degree of 

cross-linking and better resistance of themooxidative aging, which was confirmed by high 

value of ageing coefficient. 
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Recently nitride luminescent materials have received considerable attention because 

of their applications  in solid-state lighting and displays as high-quality light source. The 
SrLiAl3N4:Eu2+, SrMg2Al2N4:Eu2+ and SrMg3SiN4:Eu2+ compounds have been reported and 
have similar structures. 1-4  We have designed and synthesized Sr(LiAl)1-xMg2xAl2N4:Eu2+ 
and Sr(LiAl3)1-y(Mg3Si)yN4:Eu2+ (x, y = 0-1) series phosphors based on the chemical unit 
cosubstitution,4  and investigated their structures and luminescence properties. The 
structural transition occurs at about  x = 0.2 or y = 0.15, respectively. The emission band 
peak changes from 648 to 657 or 663 nm and then blueshift to 614 or 608 nm in these two 
systems, respectively. The luminescence properties are associated with the centroid shift, 
crystal field splitting and Stokes shift.5 The structural evolutions of the two series with 
chemical composition are investigated in details and are adopted to account for the 
luminescence changes. Based on the luminescence data, we construct the host referred 
binding energy (HRBE) and vacuum referred binding energy (VRBE) schemes of 
divalent/trivalent lanthanide-doped SrLiAl3N4:Eu2+, SrMg2Al2N4:Eu2+ and SrMg3SiN4:Eu2+ 
compounds. 

 
 

  
 

Figure 1: A comparable view of structures of SrLiAl3N4:Eu2+, SrMg2Al2N4:Eu2+ and SrMg3SiN4:Eu2+ 
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Perovskite related materials have gathered a lot of interest due to the wide range of properties that 
are displayed by these systems. Usually the modification of the properties is achieved through 
cation doping strategies to alter the metal oxidation state(s)/introduce ion defects. An alternative 
route to the modification of the properties is low temperature anion incorporation, and in this poster 
work on low temperature fluorination routes is presented. Prior work on the use of such routes to 
synthesise perovskite-related mixed metal oxide fluorides has mainly concentrated on copper 
containing systems due to superconductivity being identified in systems such as Sr2CuO2F2+x 
[1,2,3]. In this prior work, a range of fluorinating agents (F2, NH4F, CuF2) were shown to successfully 
convert semiconducting Sr2CuO3 into Sr2CuO2F2+x. We have extended this work to show that heat 
treatment with fluorine containing polymers (poly(vinylidene fluoride), PVDF, and 
poly(tetrafluoroethylene), PTFE) [4,5] can also achieve this low temperature fluorination, and here 
we report that these fluorination methods can be extended to other transition metal containing 
systems. Fluorination work on a range of perovskite and related systems has been successful, 
illustrating the high levels of fluorine incorporation and control of this F content that can be achieved 
through use of these polymer reagents [6-8], especially for Ruddlesden Popper type systems.  
 

 
Fig 1. X-ray diffraction patterns for Sr4Fe2.75S0.25OyFx (x=0,2,4,6) showing a large expansion in the cell parameters on 
fluorination. 
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Safety issues and limitations on the operating voltages in conventional lithium batteries 

associated to the use of liquid electrolytes have led to the proposed introduction of all-solid state 
batteries, where this liquid electrolyte is replaced by a lithium-ion solid-state conductor. Lithium-rich 
garnets are promising materials as solid-state electrolytes for lithium batteries. However, there 
exists a persistent challenge in the reliable synthesis of these complex functional oxides together 
with a lack of complete understanding of the lithium-ion diffusion mechanisms in these important 
materials. Addressing these issues is critical to realizing the application of garnet materials as 
electrolytes in all solid-state lithium-ion batteries. We have synthesised a cubic phase garnet of 
nominal composition Li6.5Al0.25La2.92Zr2O12 through a microwave-assisted solid-state route for the 
first time, reducing considerably the reaction times and heating temperatures. Lithium-ion diffusion 
behaviour has been investigated by electrochemical impedance spectroscopy (EIS) and state-of-
art muon spin relaxation (μ+-SR) spectroscopy, displaying a low activation energy of 0.21(1) eV for 
intra-grain lithium-ion diffusion.1 We have also synthesised a new family of materials, Li6+xHf2-xMxO7 
(M =  In3+,  Y3+), as potential candidates for solid-state electrolytes in lithium batteries. The 
introduction of In3+ and Y3+ dopants into the structure induces the insertion of additional lithium ions, 
resulting in an enhancement in the ionic conductivity of the material and a decrease of the activation 
energy for ionic conduction from 0.97(4) eV to 0.42(3) eV respect to the undoped material.2   
 

Figure 1: Nyquist plot of the EIS data for the Li6+xHf2-xYxO7 family of materials where a clear decrease in the 
resistance towards ionic conduction is observed (a). µ+-SR raw data collected at room 

temperature at zero field and applied fields of 5 G and 10 G, and fits using the Keren function for 
the Li6.5Al0.25La2.92Zr2O12 garnet (b). 
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Palladium rich intermetallics crystallize in a variety of crystal structures related to 

cubic close packing (ccp, Cu type) by an ordered substitution of palladium with metal 
atoms M. The hydrogenation of compounds MPd3 often results in a rearrangement from 
one ccp superstructure to another, with hydrogen filling octahedral voids, resulting in 
interstitial hydrides with metallic properties.1-5 However, there are exceptions like 
CaPd3Hx

6 or BiPd3Hx
7. For CaPd3Hx no intermetallic precursor compound is yet known, 

and the hydride crystallizes in a double hexagonal close packing (dhcp) related TiNi3 type. 
The intermetallic compound BiPd3 also crystallizes in a dhcp superstructure but its hydride 
is again related to ccp (hydrogen filled ZrAl3 type).7,8 To study the hydrogenation process 
for possible intermediates and understanding mechanisms in situ neutron powder 
diffraction and in situ thermal analyses were performed. They suggest the rearrangement 
during hydrogenation of MPd3, e. g. from ZrAl3 type to AuCu3 type (M = Mg, In, Tl), to 
proceed via either a gliding mechanism or by short-range diffusion.8,9 The hydrogen 
content of the hydrides MPd3Hx (M = Mg, In, Tl, Sn, Pb, Bi, Sc, Ti, Zr, V, Nb, Cr, Fe) is 
determined by electronic and geometric aspect with a maximum of x = 1 for an 
electronegativity matching that of palladium (1.4 on the Allred and Rochow scale), but an 
atomic radius considerably larger than that of palladium (170 pm, M = Tl). 
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The mature Li-ion battery technology conquered the market of portable electronics, but 
adapting this technology to the emerging large-scale automotive and grid applications will inevitably 
raise the questions of the high cost and scarce availability of Li. Substituting Li by its counterparts, 
such as Na or K, provides a viable alternative owing to their abundance and much lower cost. 
Comparing to Na, K shows greater promise in terms of higher electropositivity (The K/K+ redox 
potential in PC is ~0.4 V lower than that of Na/Na+), faster mobility in electrolytes and new crystal 
chemistry resulting in a variety of novel unexplored materials. As soon as K+ ions can be readily 
de/intercalated into graphite and hard carbons1,2, main efforts are focused now on the cathode part. 
Searching for new cathode materials largely involves polyanion materials such as phosphates. 
Recently it was shown that potassium vanadium fluoride-phosphate, KVPO4F3, adopting the KTP 
structure, demonstrates a reversible K+ intercalation at an average potential of ca 4.0 V vs K/K+ 
revealing rapid kinetics and fast diffusion (DK = 10-10 – 10-12 cm2/s)4. At the same moment, a 
significant part of electrochemical capacity was found to deliver at extremely high potentials around 
4.6 V vs K/K+ accompanied by severe electrolyte decomposition and vanadium dissolution. 
Decreasing the working potential is usually possible through substitution in metal or anion 
sublattices. In this work, we synthesized and investigated potassium vanadyl phosphate KVPO4O 
homeotypic to KVPO4F and compared the electrochemical performance of KVPO4X (X = O, F) 
cathode materials. KVPO4F cathode materials were prepared using the two-step freeze-drying 
assisted solid-state technique as described in [2]. KVPO4O was obtained via hydro(solvo)thermal 
techniques followed by carbon-coating and post-annealing. Crystal structures of KVPO4X were 
refined based on X-ray diffraction data and verified by HAADF-STEM. The space groups were 
established by ED to be non-centrosymmetric Pna21 and centrosymmetric Pnan for KVPO4F and 
KVPO4O respectively. Vanadium oxidation state was confirmed by EELS spectroscopy. The 
chemical composition of the materials was confirmed by EDX and ICP-AES methods. The residual 
carbon content was equivalent to ~4-5% mass by TG. The KVPO4F particles size was estimated 
to be 200-400 nm as revealed by SEM; the morphology and dimensionality of KVPO4O particles 
vary depending on the solvent, temperature and time of the solvothermal treatment: from platelet-
like (2D) to rod-like (1D) and bead-like (0D). Electrochemical measurements were conducted in 
two-electrode cells using CV and GCPL techniques. The KVPO4X materials shows reversible 
de/intercalation of K+ ions exhibiting a complicated voltage profile corresponding to multiple 
structural transformations and alkali metal orderings in the framework. The details of the synthesis, 
crystal structures and electrochemical performance of KVPO4X will be presented and compared 
with a special focus on the influence of morphology and particle size. 

 
Acknowledgements 

The reported study was supported by RFBR (research project №16-33-00211 mol_a), Haldor-
Topsøe scholarship programme for PhD students, Skoltech Center for Electrochemical Energy Storage and 
Moscow State University Program of Development up to 2020. 

 

1. Z. Jian et al J. Am. Chem. Soc., 2015, 137, 11566. 
2. Z. Jian et al Adv. Energy Mater. 2016, 6, 1501874. 
3. V. A. Nikitina et al J. Electrochem. Soc.,2017, 164, A6373. 
4. S. S. Fedotov et al Chem. Mater. 2016, 28, 411. 
 



Understanding the thermoelectric performance of SnSe: a structure-property 
relationship study 

[Poster contribution] 

S. R. Popuri1, M. Pollet2, I. Loa3, A. D. Fortes4 and J. W. G. Bos1 
1Centre for Advanced Energy Storage and Recovery, Institute of Chemical Sciences, School of Engineering 

and Physical Sciences, Heriot-Watt University, Edinburgh, EH14 4AS, UK 
2ICMCB-CNRS, University of Bordeaux, ICMCB, Pessac F-33608, France 

3SUPA, School of Physics and Astronomy, and Centre for Science at Extreme Conditions, The University of 
Edinburgh, Edinburgh, EH9 3FD, UK 

4ISIS Facility, STFC Rutherford Appleton Laboratory, Harwell Oxford, Didcot, OX11 0QX, UK 
Email:s.r.popuri@hw.ac.uk, web site: http://emat.eps.hw.ac.uk/ 

 
Thermoelectric generators can be used to improve the energy utilization of any heat generating 
process.1 A major hurdle to the widespread application of this technology is the limited efficiency 
and relatively high cost of existing thermoelectric materials. The thermoelectric efficiency of a 
material is usually expressed as the figure of merit zT = σS2T/, where σ is the electrical 
conductivity, S is the Seebeck coefficient,  is the sum of the lattice (lat) and electronic (el) thermal 
conductivities and T is the absolute temperature. Optimising zT is difficult as only lat can be 
manipulated independently from the others. Recently, SnSe has been reported to have 
unprecedented zT = 2-2.5 in its single crystal form.2 This excellent performance is largely based on 
its ultralow . This exciting discovery has resulted in a large amount of research trying to translate 
this excellent performance into polycrystalline samples, as these are preferred for device 
applications. Using solid state reactions, we have prepared highly textured polycrystalline SnSe 
and achieved large single-crystal magnitude power factors, S2/ = 0.9 mW m-1 K-2.3 In addition, due 
to inhomogeneous texturing, we observe a variation in the measured  that cannot be explained by 
taking reasonable averages of the single crystal directions. By analyzing the thermal transport data, 
we have assigned these changes to increased amounts of point defect scattering. A maximum zT 
= 1.1 at 873 K was observed. In addition, we use low-temperature heat capacity measurements to 
demonstrate the presence of two characteristic vibrational energy scales in SnSe which are 
quantitatively linked to the strong and weak Sn-Se bonds in the crystal structure. This suggests 
that searching for materials containing highly divergent bond distances could be a fruitful route for 
discovering low  materials. Moreover, to understand the impact of the crystal structure on the 
thermoelectric properties, we have undertaken a variable temperature neutron powder diffraction 
study (4-1000 K). This study revealed significant unreported changes preceding the Pnma to Cmcm 
phase transition. In this contribution, I will discuss the new insights we have obtained into the link 
between structure and properties in the outstanding thermoelectric material SnSe. 
 

 
 

Fig. 1 (a) Crystal structure and (b) thermoelectric power factors of SnSe. 
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In the course of our search for cheap and air-stable precursors for sulphatoborate 

derivatives, we serendipitously discovered ammonium biuretoborate, (NH4)[B(biu)2] (biu = 
C2H5N3O2). Though successful syntheses of biuretoborates have been claimed earlier1, up to now 
neither structural data were obtained nor could the results be reproduced. (NH4)[B(biu)2] is 
synthesised in an elaborate solvothermal approach from triethyl borate and urea at 180°C under 
autogenous pressure in PTFE digestion vessels. The crystal structure was elucidated via single-
crystal XRD (P2/c, a = 9.2855(3) Å, b = 4.8019(2) Å, c = 10.9008(4) Å, β = 110.757(2)°, Z = 2). The 
bis(biureto)borate anion is a bicyclic spiro anion consisting of two planar B(NH)3(CO)2 six-rings 
condensed via a common, tetrahedrally coordinated boron atom. Phase purity was ascertained via 
powder XRD and IR spectroscopy. Thermal decomposition under N2-atomsphere yielded 
amorphous BN and was studied via TGA. To our astonishment, no structural data of anhydrous 
biuret2 was available for comparison. Therefore, single-crystals of biuret were grown from ethanolic 
solution and the crystal structure was elucidated via single-crystal XRD (C2/c, a = 15.4135(8) Å, b 
= 6.6042(3) Å, c = 9.3055(4) Å, β = 91.463(3)°, Z = 8). Phase purity was proven via powder XRD 
and IR spectroscopy. The comparison of the crystal structure and the vibrational spectra to those 
of (NH4)[B(biu)2] further confirmed the claimed coordination of boron by four terminal amine groups 
of the two ligating biuret units. Biuretoborates represent a link between C-N-precursor and B-N-
precursor chemistry similar to biuretooxophosphates3 and P-N-precursor chemistry. The lack of 
additional oxo groups, which inevitably lead to the formation of oxophosphates during thermal 
decomposition biuretooxophosphates, raises hope that future metal biuretoborates will be 
promising (well-defined, crystalline, air-stable) precursors for nitridoborate chemistry. 

  

Figure 1: a) Unit cell of (NH4)[B(biu)2] b) Unit cell of Biuret. B are depicted as green, C as black, N 
as blue, O as red and H as white thermal ellipsoids (50% probability), covalent bonds 

are depicted as yellow sticks. 

 

1. D. Mukhopadyhay, B. Sur, R. G. Battacharyya, Inorg. Nucl. Chem. Letters, 1980, 16, 61-64. 
2. G. H. Wiedemann, Ann. Phys., 1848, 150, 67-84. 
3. E. Wirnhier, W. Schnick, Eur. J. Inorg. Chem., 2012, 1840-1847. 



Influence of substitution and thermal treatment on superstructures in copper iron 
chalcogenides 

[Poster contribution] 

 

C. Fraunhofer, M. Nentwig, O. Oeckler 

Institute of Mineralogy, Crystallography, and Materials Science; Faculty of Chemistry and 
Mineralogy, 

Leipzig University, Scharnhorststr. 20, 04275 Leipzig, Germany 

 
Email:oliver.oeckler@gmx.de, web site: research.uni-leipzig.de/oeckler/ 

 
Materials based on abundant, affordable and non-toxic compounds receive increasing 

interest. Elements like copper, iron and sulfur therefore seem very attractive. The intriguing copper 
iron sulfide Cu5FeS4, known as the mineral bornite, forms three polymorphs.1,2 The cubic high-
temperature (HT) phase corresponds to a disordered anti-fluorite-type structure with space group 
Fm3;¯m. Six cations are randomly distributed in the eight tetrahedral voids of the cubic close 
packed sulfur-atom arrangement. Upon cooling, Cu/Fe long-range ordering and vacancy clustering 
takes place at 280 °C. This results in a superstructure with doubled lattice parameters, which 
consists of two different tessellated subunits corresponding to the cells of the HT phase: one 
sphalerite-type one where half of the tetrahedral sites are filled with 4 Cu atoms and one antifluorite-
type one with 6 Cu and 2 Fe atoms, respectively. Below 200 °C, Cu5FeS4 crystallizes in the 
orthorhombic space group Pbca, which differs from the intermediate phase with respect to the 
orientation of the tetrahedrons formed by the four vacancies in the sphalerite-type subcell. This 
leads to the 2a  4b  2c superstructure of the cubic high-temperature phase. 

The substitution of S by Se in Cu5FeS4-xSex with 0 < x < 0.6 induces disorder and facilitates 
the formation of the intermediate cubic phase.3 We found that crystals of Cu5FeS4-xSex with higher 
contents of Se than x = 0.6, like e.g. Cu5FeS2Se2, can be obtained by fusing the elements and 
quenching the melt and as well as via slow cooling. Their crystal structure depends on the thermal 
treatment of the compounds, variations involve different degrees of cation, vacancy and anion 
ordering. Quenching the melt yields twinned crystals comparable to the intermediate phase 
showing additional reflections in diffraction patterns in all three spatial directions. After annealing 
at 400°C and subsequent quenching, such superstructures are not obtained. Substitution with Se 
stabilizes the intermediate phase at room temperature, which slowly transforms back to the 
orthorhombic low-temperature phase in the case of pristine Cu5FeS4.1 Single crystal data show that 
the substitution with Se in the annealed crystal renders the tetrahedral coordination of the cations 
is more regular compared to Cu5FeS4. In the latter, the cations are differently displaced towards 
the faces of the sulfur tetrahedra.4 Related investigations concern substituted variants of CuFe2S3, 
which crystallizes in the space group Pcmn with structure motifs of the wurtzite structure type. The 
metastable high-temperature phase with the space group F43m in the cubic ZnS-like structure type 
can be obtained by quenching from above 200 °C.5,6 
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Layered lithium oxides of the type LiMO2 have been studied extensively as positive 

electrodes for rechargeable lithium ion batteries (LIBs), the first commercial example being 
LiCoO2 which was developed by Goodenough and co-workers [1] and commercialised by 
Sony in 1991. Such oxides are cation-ordered derivatives of the close-packed rock salt 
structure type, with alternating two dimensional layers of edge-sharing LiO6 and MO6 
octahedra. LiCoO2 has a sufficiently high reversible capacity to be commercially viable as 
a cathode, but the structure may also accommodate other redox active cations that provide 
the same functionality, for example in LiNi1/3Mn1/3Co1/3O2, (NMC) which adopts the same 
layered structure with Ni, Mn and Co sharing the octahedral sites of the transition metal 
layer. NMC can be combined with Li2MnO3, a Li-rich ordered rock salt where LiO6 layers 
alternate with mixed (Li/Mn)O6 layers, to produce a more complex structure with capacity 
and cycling behavior that differs from that of pure NMC.[2] Li-rich rock salt compositions 
(i.e. those where the Li/M ratio is greater than one) may offer more complex cation ordering 
schemes than are accessible in LiCoO2 and NMC, allowing study of the interplay between 
Li content, cation ordering and electrochemical properties, and would therefore be of 
interest for the development of new Li cathodes. Here we report the synthesis, structures 
and electrochemical properties of a new Li-rich ordered rock salt system and discuss its 
potential application as a cathode material for LIBs. 
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The combination of laser-heated diamond anvil cells and synchrotron Mössbauer source 
spectroscopy was used to investigate phase formations of iron and iron nitride with a nitrogen 
pressure medium above 1000 K under pressures up to 45 GPa at ID18, ESRF. Samples heated 
up to 1300 K, with a pressure below 10 GPa, were observed to react with the pressure medium 
and result in an iron nitride with a composition close to -Fe2N/-Fe3N1.4.1 At pressures larger than 
10 GPa, a new phase was observed after annealing, which showed magnetic hyperfine splitting. 
This splitting appeared to be reversible, upon annealing at pressures approximately below 10 
GPa, and remained stable up to 45 GPa. 
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Figure 1: Mössbauer spectra of iron, with a N2 pressure medium, at various pressures before and 
after heat treatment.  

In situ-diffraction measurements at varying pressures allowed characterization of this new 
phase, allowing the unit cell-pressure dependence to be determined, as well as give an indication 
to the presence of a homogeneity range. From structural refinements, the phase was determined 
to belong to the space group P63/mmc, with unit cell dimensions at 13.3 GPa of a = 2.737(3) Å, c 
= 4.933(5) Å. At lower pressures the unit cell was refined to a = 2.775(7) Å, c = 4.982(1) Å and a 
= 2.800(2) Å, c = 5.015(5) Å at 4.44 GPa and 0.1 MPa, respectively. This phase adopts the NiAs-
type structure, resulting in the idealized chemical composition of FeN. This FeN polymorph 
remains stable at room temperature and lower pressures, including atmospheric pressure. This is 
the first time a NiAs-type 3d transition-metal nitride has been synthesized and characterized. 
Electronic-structure calculations, from first principles, were conducted to compare the stability of 
this new NiAs-type FeN with the known ZnS-type polymorph. According to calculations, there is a 
distinct preference for FeN to adopt the ZnS-type rather than the NiAs-type structure at standard 
conditions. However, a pressure-induced phase transition to NiAs-type FeN has been calculated. 
Magnetism and chemical bonding, as addressed by the calculations, will be discussed.   
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Sr2MnO2Cu1.5S2 is a layered oxychalcogenide, with an inherent copper deficiency, 

when made via a high-temperature route, due to the mixed-valent oxidation state of Mn 
(+2.5).1, 2 It has been found that Sr2MnO2Cu1.5S2 can be oxidized further by titrating the 
compound against I2/MeCN. The use of an excess of I2 forms a compound of composition 
Sr2MnO2Cu1.33S2, with a radically different copper vacancy ordering structure and 
magnetic behavior. Sr2MnO2Cu1.33S2 is an incommensurately modulated structure, with q 
= 0.2418 a0

* and space group Xmmm(α00)00s. As well as occupational modulation of the 
Cu atoms, there is also significant positional modulation of the oxide layers, which move 
closer to the [Cu2-xS2] layers in low Cu regions to ensure that the S atoms do not become 
underbonded (see figure 1a).3 The change in magnetic behavior arises from the change 
in oxidation state from +2.5 in the parent to +2.67 in the most-oxidized structure. The 
magnetic ordering structure changes from one of antiferromagnetically coupled 
ferromagnetic zig-zags to antiferromagnetically coupled ferromagnetic stripes. The 
progress of this reaction has been tracked in-situ, using powder X-ray diffraction on the 
I12 beamline at Diamond. This reaction was performed at room temperature, ~270 K and 
~240 K, allowing for the changes in lattice parameters and copper vacancy ordering from 
the parent Sr2MnO2Cu1.5S2 to the most-oxidized Sr2MnO2Cu1.33S2 structure to be observed 
directly, in real time. Figure 1b shows the emergence peaks indicating the most-oxidized 
superstructure when the reaction occurs at ~270 K. These observations will be compared 
with the results of in-situ experiments on related compounds. 

 
a)                                                      b) 

 

  
 

Figure 1: a) A representation of the incommensurately ordered Sr2MnO2Cu1.33S2 phase; b) contour plot 
showing the emergence of superstructure peaks as Sr2MnO2Cu1.33S2 and I2 react at ~270 K 
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1,-di(1,2,3-triazol-1-yl)alkanes form coordination polymers with iron(II) exhibiting spin 

crossover (SCO) phenomenon.1 SCO in this group of complexes is associated with occurrence of 
the various types of structural alterations. 1,5-di(1,2,3-triazol-1-yl)pentane (qbtr) acts as building 
block in three dimensional (3D) coordination polymer [Fe(qbtr)3](ClO4)2 of CdSO4 network topology. 
Ligand molecules in this complex exhibit exceptional flexibility. Lowering of temperature as well as 
change of the spin state trigger sequence of conformational changes of qbtr molecules finally 
resulting in vanishing of ligand disorder in low spin (LS) phase.2 Shortening of alkyl spacer to 
butylene chain involves drastic change of the structure and properties. Namely 1,4-di(1,2,3-triazol-
1-yl)butane (bbtr) reacting with iron(II) perchlorate forms two dimensional (2D) coordination 
polymer [Fe(bbtr)3](ClO4)2 which exhibits abrupt SCO accompanied by hysteresis loop.3 In 
comparison with qbtr based derivative, SCO is not associated with the conformational changes of 
bbtr molecules. For a change a crucial role plays P-3P-1 crystallographic phase transition 
proceeding HSLS transition which is accompanied by the relative shift of the neighboring 
polymeric units and reorganization of the intermolecular contacts. Anion exchange influence on 
SCO properties. Isostructural [Fe(bbtr)3](BF4)2 analog exhibit exceptional property because 
irradiation with laser light of =472 or 830 nm allows to persistent LSHS or HSLS bidirectional 
switching, respectively.4 

Interesting properties of bbtr based family of coordination polymers were an 
encouragement to the structural modification of ligand molecules depending on the change of the 
position of alkyl spacer or/and incorporation of the second substituent into 1,2,3-triazole ring. Novel 
ligand 1,4-di(5-ethyl-1,2,3-triazol-1-yl)butane (ebbtr) also forms with iron(II) two dimensional 
coordination polymer, however, steric hindrance introduced by additional ethyl group involves 
serious structural alterations in relation to complexes containing bbtr ligand system. In 
[Fe(ebbtr)3(CH3CN)2](ClO4)24CH3CN the first coordination sphere is composed from four 1,2,3-
triazole rings coordinated through N3 nitrogen atoms and two axially coordinated acetonitrile 
molecules. Moreover in comparison with bbtr based systems in the novel complex the topology of 
a polymeric layer is changed and interlayer area is occupied by noncoordinated acetonitrile 
molecules. [Fe(ebbtr)3(CH3CN)2](ClO4)24CH3CN represents the unique example of SCO system 
possessing two thermodynamically stable LS phases which can be reached independently by 
tuning temperature scan rate. This scarce behavior is associated with serious structural alterations 
related to the relative shift of the neighboring polymeric layers and, in particular, relocation of 
noncoordinated acetonitrile molecules. Detailed results of variable temperature magnetic 
susceptibility and single crystal X-ray diffraction studies will be presented. This work was supported 
by the Polish National Sciences Centre Grant No. DEC-2014/15/B/ST5/04771. 
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Due to their structural diversity and variety of physical properties, ordered intermetallic 

compounds have the potential to provide exciting objects of studies for years and years to come, 
from both theoretical (due to often complicated crystal structures and highly unconventional 
bonding patterns) and practical (due to often unique and useful physical properties and convoluted 
structure-property relationship) points of view. Yet, if a 3D intermetallic system is diluted with a 
typical non-metal, which adds the effects of reduced dimensionality into the mix, the situation 
becomes even less straightforward. This concept is showcased pretty well using the so-called 
‘quasi-2D’ mixed group 10 – group 13 chalcogenides.  Here we focus our attention on Ni3M 
intermetallics (where M = Al, Ga, and In) as parent compounds for complex ternary phases. Having 
the same kind of cubic structures (Cu3Au for Ni3Al and Ni3Ga, Mg3Cd  for the room-temperature 
modification of Ni3In, and Cu3Au for the high-pressure one), these compounds feature different 
stability (decreasing from Al towards In)  and different physical properties. 

 

Figure 1: Formation of complex 2D-structures of metal-rich chalcogenides from nickel-group 13 
and nickel-chalcogen fragments. 

We have successfully produced and characterized a series of ternary chalcogenides based on the 
Ni3M-type fragments (see fig.1) that are essentially intergrowth structures formed by nickel – p-
metal and nickel – chalcogen blocks1-2. To gain more insight into the principles of formation of such 
structures, we have studied electronic structures and bonding in ternary compounds and their 
parent binaries based on the first-principles calculations (DFT/FP-LAPW, DFT/PAW). Topological 
analysis of charge density and ELF/ELI-D electron localization indicators reveals the difference in 
the bonding patterns between Ni3M binaries that are partially reflected in the derivative structures. 
We have also used calculations to develop a way of estimating the stability of ternary chalcogenides 
with respect to their parent compounds. In some cases, the effect of a mutual stabilization of nickel 
– p-metal and nickel – chalcogen fragments was demonstrated. 
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Recent work has demonstrated new materials within the Li-Si-P system1, 2. These 

materials contain a complex framework of phosphidosilicate “super-tetrahedra”, among 
which lithium atoms are accommodated. Experimentally, the energy barrier to lithium 
diffusion in these materials is found to be low (<0.1 eV), making them an interesting new 
solid state electrolyte material class. However, issues exist with air sensitivity and 
questions remain over potential doping strategies. In this report possible doping strategies 
within the Li-Si-P systems are evaluated using DFT calculations. The most favourable 
doping mechanism is then used in ab initio molecular dynamics simulations and compared 
to the pure system to elucidate any impact on the diffusion of lithium ions. 
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Nowadays families of the intermetallic compounds such as half-Heusler alloys, 

Zintl phases and Nowotny chimney-ladder phases are among the most promising 
thermoelectric materials. The efficiency of these compounds is mainly connected with their 
electroconductivity depending on the number of the valence electrons. Other example of 
akin compounds is FeGa3 and its structural analogs1. Despite the high values of Seebeck 
coefficient, FeGa3 possesses relatively high semiconducting electrical resistivity and high 
thermal conductivity resulting in rather low thermoelectric figure-of-merit. Heterovalent 
substitution allows influencing on these characteristics due to the change of charge 
carriers concentration and creation of the local structural inhomogeneity centers for 
effective phonon scattering2,3. 

In our work Fe1-xMxGa3 (M = Ni, Mn, Re) and FeGa3-yEy (E = Si, Sn) solid solutions 
were synthesized, the homogeneity ranges were determined and the magnetic and 
thermoelectric properties were investigated. The local crystal structure of Fe1-xNixGa3 was 
investigated by NQR spectroscopy. The complexity of the band structure with the 
presence of in-gap states was found. It was shown that for some solid solutions 
semiconducting electrical conductivity abruptly changed to the metallic even at the lowest 
level of substitution (FeGa3-ySiy) while for some others this change is slower (Fe1-xNixGa3) 
or is absent up to the limit of substitution (Fe1-xMxGa3, M = Mn, Re). The peculiarities in 
the high-temperature dependences of the Seebeck coefficient, the electrical resistivity and 
the thermal conductivity resulting in the rapidly increase of the thermoelectric figure-of-
merit up to the maximum with the following decrease were revealed. 

The work has been supported by the Russian Foundation for Basic Research, 
Grant #17-03-00011. 
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Among metal-organic frameworks, the isostructural series CPO-27–M, (CPO: Coordination 

Polymer of Oslo) or M–MOF-74, where M is a divalent cation, is potentially one of the most 
interesting families for application in adsorption and separation processes due to their high 
concentration of open metal sites, combined with a stable and rigid open framework structure. The 
CPO-27-M materials have a high capacity for CO2 adsorption at relative low partial pressures, and 
they might be eminently suitable as solid adsorbent for use in temperature or pressure swing 
processes for carbon capture. The interaction of CO2 with the CPO-27 samples was investigated 
by complementary variable temperature powder X-ray diffraction experiments (thermodiffraction) 
and volumetric gas adsorption measurements. Variable temperature synchrotron X-ray powder 
diffraction carried out at the Swiss–Norwegian beamline (BM01) of the European Synchrotron 
Radiation Facility (ESRF) and allowed to monitor the fast structural changes occurring during the 
CO2 adsorption. A major contribution from the present work is to provide accurate information about 
the location of the CO2 adsorbed molecules inside the hexagonal pores of CPO-27-M and how the 
site occupancy of the individual CO2 molecules evolves during the adsorption process. The 1st CO2 
molecule was located on the open metal site, the 2nd CO2 one was found perpendicular to the 1st 
one and parallel to the framework and the 3rd one was located in the center of the hexagonal pore 
(Figure 1). In CPO-27-M (M = Mg, Mn, Co, Ni and Zn), the adsorption sites are occupied in 
sequential order on cooling down the sample under isobaric conditions, which is primarily due to 
the high affinity of CO2 towards the open metal site. CPO-27-Cu deviates from this stepwise 
mechanism in that the adsorption site at the metal cation and the second site are occupied in 
parallel which is attributed to the lack of preference of the adsorbed gas towards the open metal 
center.  The temperature dependence of the site occupancy of the individual CO2 adsorption sites 
derived from the diffraction data is reflected in the shape of the volumetric sorption isotherms. Gas 
adsorption and variable temperature powder X-ray diffraction experiments were used to essentially 
obtain isotherms and isobars, respectively, which provide a complementary description of the host-
guest system. We were able to assign defined structural changes to the individual steps observed 
in the adsorption experiments, and it has been possible to establish the contribution of the different 
adsorption sites to the overall gas uptake. The same trend in the affinity towards the CO2 is obtained 
for both experiments when the contribution from the different metal cations is compared. This 
systematic structural study of the CO2 adsorption as a function of temperature has resulted in a 
better understanding of the sorption process. The fast kinetics and high reversibility observed in 
these experiments confirm the suitability of the materials for use in temperature or pressure swing 
processes. 

   
Figure 1: . Left: Variable temperature X-ray powder pattern of CPO-27-Co at 1 bar of CO2 pressure. Right: 

Partial view of the CPO-27-Co crystallographic unit cell with the 3 different adsorption sites inside 
the hexagonal pores. 

B. Pato-Doldán, M. H. Rosnes, P. D. C. Dietzel, ChemSusChem 2017, 10, 1710-1719. 
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The steady rise of CO2 level in the atmosphere is seen as the leading contributor to global warming 
and climate change. Therefore, methods for reducing its emission are urgently required. Adsorption 
is one of the promising technologies in capture and storage of CO2.1 In this regard, Prussian blue 
analogues (PBAs) have emerged as potential gas adsorbents. However, their gas sorption 
properties have received little attention compared to other adsorbents, e.g., activated carbons, 
zeolites, MOFs and mesoporous silica materials. In our previous work we have studied copper 
hexacyanoferrate (CuHCF) with respect to structure, composition and kinetics of thermal 
dehydration.2,3,4 In this work, the adsorption capacities and isotherms of CO2 on PBA-CuHCF, 
K2x/3CuII[FeIII(CN)6]2/3·nH2O with nominal compositions x = 0.0 and x = 1.0, were studied by 
volumetric and thermogravimetric analyses (Fig. 1).2 For both x = 0.0 and x = 1.0, the former 
analysis showed that the maximum CO2 uptake is ~4.5 mmol/g (19.8 wt %) at 1 bar and 273 K, 
which decreased to ~3.0 mmol/g (13.2 wt %) at 1 bar and 298 K. The thermogravimetric technique 
was employed to investigate the differential and integral adsorption enthalpies, and activation 
energies. The average differential enthalpy of CO2 adsorption calculated from the isotherms is 27 
kJ/mol for x = 0.0 and 36 kJ/mol for x = 1.0, while the integral adsorption enthalpy is 26 kJ/mol for 
both samples. These values suggest a physisorption process. The CO2 adsorption kinetic plots 
revealed a two process adsorption, rapid and slow components, which fits rather well to a double-
exponential function. The activation energies for CO2 adsorption on x = 0.0 is 6 kJ/mol for the rapid 
component and 16 kJ/mol for the slow one, while the corresponding values for x = 1.0 are 6 kJ/mol 
and 8 kJ/mol, respectively. In addition, 50 cycles for CO2 adsorption/desorption on x = 0.0 and x = 
1.0, at room temperature revealed no deterioration in their adsorption capacity, indicating that the 
adsorbents are vastly stable. 

 

 
Figure 1: Illustration of the cubic PBA-CuHCF structure with space group symmetry Fm3m and a ≈ 10.2 Å.2 
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Following previous reports on the reaction of tetragonal BaTiO3 with CaH2 yielding cubic 
oxyhydrides BaTiO3-xHx,

 1, 2 we investigated the hydride reduction of tetragonal BaTiO3 with 
various metal hydrides like CaH2, NaH, MgH2, NaBH4 and NaAlH4 as reducing agents. 
The reactions employed molar BaTiO3:H ratios of up to 1.8 and temperatures near 600 
°C. The air stable reduced products were characterized by powder X-ray diffraction 
(PXRD), transmission electron microscopy, thermogravimetric analysis (TGA) and solid-
state 1H NMR spectroscopy. PXRD showed the formation of cubic products - indicative of 
the formation of BaTiO3-xHx - except for NaH. Lattice parameters were in a range between 
4.005 Å (for NaBH4 reduces samples) and 4.033 Å (for MgH2 reduced samples). With 
increasing BaTiO3:H ratio, CaH2, NaAlH4 and MgH2 reduced samples were afforded as 
two-phase mixtures. TGA in air flow showed significant weight increase of up to 3.5 % for 
reduced BaTiO3, suggesting that metal hydride reduction yielded oxyhydrides BaTiO3-xHx 
with x values larger 0.5. 1H NMR, however, revealed rather low concentrations of H, and, 
thus a simultaneous presence of O vacancies in reduced BaTiO3. It has to be concluded 
that hydride reduction of BaTiO3 yields complex disordered materials BaTiO3-xHy□(x-y) with 
x up to 0.6, y in a range 0.05 – 0.2 and (x-y) > y, rather than homogeneous solid solutions 
BaTiO3Hx. Resonances of (hydridic) H substituting O in the cubic perovskite structure 
appear in the -2 to -60 ppm spectral region. The large range of chemical shifts and breadth 
of the signals signifies the structural disorder in BaTiO3-xHy□(x-y). Sintering of BaTiO3-xHy□(x-

y) in a gaseous H2 atmosphere resulted in more ordered materials, as indicated by 
considerably sharper 1H resonances. 

 
Figure 1: (a) The structure of cubic BaTiO3-x Hx  oxyhydride, with Ba, O and H atoms depicted as grey, red 

and green spheres. PXRD patterns (b) and TGA traces for products (c) obtained from hydride 
reduction of BaTiO3 at 600 ºC for 2 days, using various concentrations of CaH2. 
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Perovskite halides, with the general formula AMX3, have led a revolution in solar 

cell research.  These materials can be tuned by varying the compositions where A+ = 
CH3NH3 (MA), CH(NH2)2 (FA) or Cs; M2+ = Pb, Sn; X- = I, Br, Cl.  While certified efficiencies 
have reached approximately 20%, devices continue to suffer from inconsistencies in 
processing and degradation over time.  It has been shown through experiment and 
computational models that moisture, oxygen, light and intrinsic defects contribute to the 
instability of the perovskite halide films.1-4  Research efforts focused on bulk properties 
and synthesis methods is gaining attention and is imperative to understanding the 
fundamentals of these perovskite halides.  This research focuses on the preparation of 
bulk powders via ball milling and solution based methods to prepare high quality 
feedstocks for characterization.  Impedance spectroscopy is used to understand the 
conduction mechanisms in the bulk material of various compositions.  The activation 
energies for possible conduction mechanisms has been reported by Eames et al. through 
computational methods5, which provides a useful reference for activation energies 
extracted from impedance spectroscopy.  Residual solvent incorporated into the 
perovskite powders may play a role in the properties. Therefore, thermal degradation 
studies are used to compare solution prepared samples vs. the ball milled powders.  
Temperature dependent structure analysis by X-ray diffraction is also used verify phase 
transitions and the average structure in varying compositions prepared by different 
synthesis methods. 
 

1. N. Aristidou, C. Eames, I. Sanches-Molina, X. Bu, J. Kosco, M. S. Islam, S. A. Haque, 
Nat. Commun., 2017, 8, 15218. 

2. A. Walsh, D. O. Scanlon, S. Chen, X. G. Gong, S-H. Wei, Angew. Chem. Int. Ed., 2015, 
54, 1791-1794. 

3. L. Zhang, P. H.-L. Sit, J. Phys. Chem. C., 2015, 119, 22370-22378. 
4. N. Aristidou, I. Shanchez-Molian, T. Chotchuangchutchaval, M. Brown, L. Martinez, T. 

Rath, S. A. Haque, Angew. Chem. Int. Ed., 2015, 54, 8208-8212. 
5. C. Eames, J. M .Frost, P. R. F. Barnes, B. C. O’Regan, A. Walsh, M. S. Islam, Nat. 

Commun., 2015, 6, 7497. 
 
 
 
 
 
 
  



The effect of A-site-substitution in superconducting MAX-Phases 

[Poster contribution] 

 

T. Rackl1, J. Baumann1, D. Johrendt1 

1Department of Chemistry, Ludwig-Maximilians-Universität München, D-81377 Munich, 
Germany 

 
Email: torach@cup.uni-muenchen.de, web site: http://www.cup.uni-

muenchen.de/ac/johrendt/ 

 
MAX-Phases consist of octahedral layers, that are composed of an early transition 

metal M and carbon or nitrogen X, separated by an A-element (main group element III - 
VI). These phases are currently of great interest due to their unified ceramic and metallic 
properties.1 Though some of these compounds also exhibit superconductivity2, this 
phenomenon is rather unexplored within theses phases. 

We recently investigated the effect of A-site substitution in the solid solution 
Nb2AsxS1-xC (x = 0 - 1). Members of this group have been prepared via solid state 
synthesis. X-ray powder diffraction revealed for MAX-Phases typical hexagonal Cr2AlC-
type structure. The c-axis length and the unit cell volume increase with the value of x, while 
the a-axis seems to be almost constant. The grade of substitution was confirmed by EDX 
measurements. Magnetic measurements show, that the critical temperature increases 
from x = 0 to x = 0.2 and then decreases to x = 1. With Tc = 5.2 K for Nb2As0.2S0.8C the 
maximum critical temperature has not changed in large scale, but it indicates that the 
electronic conditions of MAX phases can be optimized in terms of superconductivity. 
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The rechargeable lithium-ion (Li-ion) battery is considered the technology of choice 

for energy storage in a wide range of portable electronic devices, including mobile phones 
and laptop computers. Despite the many advantages of the Li-ion battery, its application 
is limited by its use of liquid electrolytes, which are known to pose a serious fire and safety 
risk. Hence, a suitable alternative is urgently required. 

 
Li-based solid electrolytes are becoming an increasingly attractive alternative to 

liquid electrolytes, as they have the potential to match the performance of current 
electrolytes. Recent literature suggested Li-rich anti-perovskites (LiRAPs) as possible 
solid electrolyte materials. LiRAPs, with general formula ABX3, where A is a monovalent 
anion, B is a divalent anion and X is a strongly electropositive monovalent cation, have 
been reported to possess ionic conductivities comparable to those of liquid electrolytes. 
The LiRAPs Li3OCl and Li3OBr have been studied extensively in recent years, both 
experimentally and theoretically.1,2 However, the precise conduction mechanisms and 
pathways that lead to such conductivities are poorly understood. 

 
Current research efforts are focused on the synthesis and structural 

characterisation of selected LiRAPs, including Li3OCl and Li3OBr. Different synthetic 
methods will be compared and discussed. The LiRAPs synthesised have been 
characterised using a combination of X-ray diffraction and solid-state NMR, the results of 
which will be presented. It is hoped that the information gained from local order structural 
probes such as solid-state NMR will provide detailed insight into why such high ionic 
conductivities are exhibited for this particular class of materials. 
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Optical recording was the first demonstrated in 1992 with using ultrashort laser 
pulses. The advantage of this technology is that ultrafast lasers have potentials to resolve 
the heat diffusion limitation of the conventional laser recording, achieving high area 
recording densities. The comprehension of the structural transformation dynamics in 
timescales ranging from nanoseconds to femtoseconds has helped in improving the 
material performance [1−6].  

In this work, we investigated the phase transformation of Ge8Sb2-xBixTe11 (were 
x=0, 1, 2) thin films from the amorphous phase into the crystalline phase. Coherent Ti-
Sapphire regenerative amplifier system was used to generate pump pulses of 800 nm 
wavelength, 40 femtosecond (fs) duration. The pulse energy window for crystallization in 
the thin films with thickness 100 nm prepared by Flash Thermal Evaporation (FTE) was 
established. The phase transition induced by the single and double femtosecond shots in 
the active Ge8Sb2-xBixTe11 layer was examined and characterized using optical microscopy 
and X-ray diffraction (XRD). The X-ray diffraction pattern confirmed the crystalline 
structure of thin films after single fs shot. 
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Thermoelectric power generation is increasingly considered to combat a growing 
dependence on fossil fuels. The ability of a material to efficiently convert waste heat to electricity is 
determined by its dimensionless figure of merit, ZT = S2σT/κ, where S is the Seebeck Coefficient, 
σ is the electrical conductivity and κ is the thermal conductivity. Half-Heusler (HH) alloys are one 
class of compounds studied for thermoelectric use. These are cubic structures made from non-
toxic elements with promising efficiencies, ZT ~ 1.01. 

NbCoSn is one of the more recently studied HH compounds2, where research has been 
focused on achieving high purity and improving properties through doping. The investigation 
presented here is based on NbCoSn compounds synthesised via a solid-state route, where the 
effect of both p- (Ti; Zr) and n-type (Sb) doping on the electrical properties of the parent compound 
have been studied. Structural analysis using X-ray and neutron powder diffraction and scanning 
electron microscopy demonstrates improved phase purities on addition of 5% excess Co and reveal 
an interesting charge compensation in the NbCo1.05Sn1-zSbz (0  z  1) series, where Nb vacancies 
are introduced to maintain a valence electron count close to 18. Electrical property measurements 
demonstrate that NbCoSn is semiconducting with a reasonable power factor S2σ ~ 0.5 mW m-1 K-

2. Doping with Ti or Zr does not lead to good p-type conduction and decreases the power factor 
(S2σ < 0.1 mW m-1 K-2). By contrast, n-type doping using Sb yielded an enhanced power factor, 
~1.9 mW m-1 K-2 at 763 K for 10% Sb. This is largely due to a greatly improved electrical 
conductivity. The thermal conductivity is greatly reduced in the p-type doped samples but the S2σ 
results in a low ZT. The highest ZT of ~0.3 at 770 K is achieved for the sample with 10% Sb 
substitution.3 These results confirm that NbCoSn-based HH alloys are promising n-type 
thermoelectrics but are difficult to successfully dope p-type. 

 

 

 

 

 

 

 

Figure 1: (a) X-Ray powder diffraction data for NbCoSn, NbCo1.05Sn and NbCoSb, showing the effect an excess of Co has 
on the impurities. (b) Nb site occupancies for the NbCo1.05Sn1-zSbz series extracted from neutron powder 

diffraction data. 
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In ionic compounds, composition and oxidation states of individual atomic species 

are naturally related via the electroneutrality rule. In contrast, compositions of intermetallic 
compounds such as FeGa3, RhSn4, and Cr11Ge19 appear rather unexpected. Then, the 
electron count comes to the fore when describing composition, crystal and electronic 
structures, and even physical properties. The electron count can also be used to explain 
the appearance of complex stoichiometries and to identify stability ranges of the 
compounds, as in the case of Nowotny phases1. In other cases, by tuning the electron 
count, the system may be driven to a new ground state. For instance, ferromagnetic 
instability2 may emerge when the appropriate number of valence electrons is achieved. 
The recently formulated 18-n rule3 underscores the significance of the electron count 
parameter. According to this rule, average number of valence electrons in an intermetallic 
compound is adjusted in order to achieve the 18-electron configuration of the transition-
metal atom in analogy to the transition-metal complexes. This rule successfully explains 
stability of more than 34 structural classes of intermetallics. 

In the current study, we tune the electron count parameter in the Re-Ga-Zn system 
by varying the Ga/Zn ratio. We employ the flux method of synthesis and show that, besides 
the already known ReGa5 compound4, two new intermetallics appear at higher Zn 
concentrations. The first one, ReGa3Zn with the PtHg4 type of crystal structure, can be 
synthesized from the flux with lower Zn content. The second compound, Re8Ga41-yZny with 
the crystal structure of the Mo8Ga41 type, is formed from the melt with higher Zn content. 
Band structure calculations reveal the semiconducting behavior of ReGa3Zn with a narrow 
band gap of 0.42 eV, and metallic behavior of Re8Ga41-yZny. Thermodynamic and transport 
measurements confirm the semiconducting properties of ReGa3Zn and indicate the onset 
of superconductivity in the case of Re8Ga41-yZny. Our results show that tuning the electron 
count is a successful strategy for the discovery of new compounds, and achieving 
crossovers between different structure types or ground states. 
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In the search for more efficient and safer energy storage systems with higher energy 

densities than current lithium-ion batteries, new battery concepts based on alternative charge 
carrying ions (Na+, Mg2+

, Cl-, etc.) were proposed. Recently, the principle of fluoride-ion battery (FIB) 
was introduced.1 Up until now, the primary focus of studies in the field of FIBs was set upon the 
investigation of conversion-type electrode materials based on the use of metals and metal fluorides. 
Electrodes based on intercalation and deintercalation of ions into and out of a host material, on the 
other hand, should prove to be beneficial due to smaller volume changes during cycling leading to 
higher reversibility and cycling stability as well as better transport kinetics. Therefore, we aim to 
develop FIBs based on intercalation-type electrodes, and recently suggested the use of K2NiF4-
type transition metal oxides and oxyfluorides.2  The use of topochemical methods for the synthesis 
of such intercalation electrode materials could allow for studying of batteries starting from a charged 
or discharged state. Topochemical fluorination methods are well known and can be used to prepare 
cathode materials in a charged state.2 In contrast, the “reverse” principle of a selective 
topochemical defluorination of oxyfluorides to prepare anode materials in a charged state has not 
been investigated so far. For potential anode materials, systems containing titanium as redox-active 
transition metal could be, in analogy to lithium-ion batteries3, suited for the fabrication of batteries 
with high energy densities. Slater et al.4 reported on the chemical fluorination of Sr2TiO4 to 
Sr2TiO3F2, which corresponds to the discharged state of an anode material. For the synthesis of 
the charged state, we are currently developing reductive defluorination routes.  Using NaH as 
reduction agent, defluorinated compounds with compositions of Sr2TiO3F2-x (0.5 < x ≤ 2) were 
prepared. The defluorinated samples are black in color suggesting the presence of low-valent 
titanium species. Magnetic measurements confirm these observations: the defluorinated Sr2TiO3F2-

x (1 < x ≤ 2) compounds are paramagnetic down to low temperatures, while Sr2TiO3F2 is 
diamagnetic.  An extended X-ray diffraction study was performed to determine the structures using 
Rietveld method. Upon fluorination and subsequent defluorination, the lattice parameters change 
significantly in agreement with the insertion and extraction of fluorine in and out of the structure. 

 
Figure 4: X-ray patterns of Sr2TiO4, Sr2TiO3F2, Sr2TiO3F1 and Sr2TiO3F0. 
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In this poster, a study of resistive switching in AgxAsS2 layer, based on a utilization of 

conductive atomic force microscope (AFM), is reported. As the result of biasing, two 

distinct regions were created on the surface (the conductive region and non-conductive 

region). Both were analyzed from the spread current maps. The volume change, 

corresponding to the growth of Ag particles, was derived from the topological maps, 

recorded simultaneously with the current maps. Based on the results, a model explaining 

the mechanism of the Ag particle and Ag filament formation was proposed from the 

distribution of charge carriers and Ag ions. 
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An investigation of the three quasi-binary sections MOPO4 - M’OPO4 (M, M’: V, Mo, W) has shown 
remarkable differences between these systems concerning the formation and thermodynamic 
stability of solid solutions and the redox behavior of the involved cations. Tailored setting of the 
oxidation states of vanadium and molybdenum in these phosphates and of the structure type is 
crucial for the catalytic behavior of these phases in selective oxidation of hydrocarbons. On the 
vanadium-rich side of the quasi-binary system VOPO4 – WOPO4, thermodynamically stable solid 
solutions V1–xWxOPO4 with β-VOPO4-type (x ≤ 0.01) or αII-VOPO4-type (0.04 ≤ x ≤ 0.26) structure 
can be obtained by heating mixtures of WOPO4 and VOPO4 in sealed silica ampoules.1 Single 
crystals were grown by chemical vapor transport (800 °C → 700 °C) using chlorine as transporting 
agent. On the tungsten-rich side, thermodynamically metastable solid solutions (V1–xWx)OPO4 
(0.67 ≤ x ≤ 1) with WOPO4-structure type were synthesized via solution combustion synthesis 
(SCS)2 followed by annealing in an argon flow.3 The thermodynamically stable ortho-
pyrophosphate VIII(WVIO2)2(PO4)(P2O7) was crystallized from adequate amounts of VOPO4 and 
WOPO4 via vapor phase moderated solid state reaction using chlorine as mineralizer.4 In the quasi-
binary system MoOPO4-WOPO4, up to 20% of the molybdenum in MoOPO4 could be substituted 
by tungsten via SCS and subsequent annealing under defined oxygen pressure to form metastable 
Mo1–xWxOPO4.5 The substitution is indicated by a shift of the lattice parameters (growing of a-axis, 
shrinking of c) and a color change (dark green to black). By heating mixtures of MoOPO4 and 
WOPO4 in sealed silica ampoules (ϑ = 900 °C), the equilibrium phases were identified as 
P8W12O52,6 MoP2O7,7 and MoO2, which coexist with either MoOPO4 or WOPO4. However, 
considering the mass balance of the reactions there are hints on mutual substitution of molybdenum 
and tungsten in these phases yet to be investigated more closely. On the vanadium-rich side of the 
quasi-binary system MoOPO4 – VOPO4, metastable solid solutions V1–xMoxOPO4 with β-VOPO4-
type (x ≤ 0.30) or γ-VOPO4-type (0.03 ≤ x ≤ 0.20) were synthesized selectively. Product control can 
be achieved by an elaborate heating protocol that involves SCS followed by annealing in air. The 
equilibrium phases, formed by heating mixtures of VOPO4 and MoOPO4 in sealed silica ampoules 
(ϑ = 600 °C), are (MoO2)2P2O7 and (VO)2P2O7 besides one of the oxide phosphates. The formation 
of solid solutions allows a systematic variation of the oxidation states of the elements involved. 
Substitution of V5+ in VOPO4 phases by W5+ or Mo5+ leads to a partial reduction of vanadium, so 
that tetravalent vanadium ions are formed according to the amount of tungsten or molybdenum 
introduced. Higher amounts of W5+ lead to reduction to V3+. The presence of V4+ was detected by 
XPS and EPR spectroscopy. Accordingly, the charge distribution in Mo1–xWxOPO4 is believed to be 
(MoIV

xMoV
1–2xWVI

x)OPO4. 
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  The drive towards reduced costs, higher conversion efficiencies and environmentally friendly 
alternatives to current photovoltaic (PV) technologies will be immensely important in the search to 
relieve the world’s reliance on fossil fuels and promote sustainable economic development. Since 
the first reports of solid-state perovskite solar cells in 2012, power conversion efficiencies (PCEs) 
have increased dramatically to 22.1%1. Despite the excellent PV performance of the champion 
hybrid perovskite, CH3NH3PbI3 (MAPI), it suffers from poor long-term stability and the toxicity of 
lead. One solution to instability issues has been recently proposed in the form of the layered iodide 
perovskites. Although layered hybrid perovskites have been known since they were first 
synthesised by Mitzl et al. in 19942, they were not investigated as solar-cell absorbers until Smith 
et al.3 found the 2D perovskites to be more resistant to moisture humidity than the 3D analogues. 
Additionally, environmental concerns can be addressed by replacing Pb with nontoxic elements, 
such as Sn. Impressively, the efficiency of layered lead hybrid perovskites has reached 15.3% in 
the past years4. For this reason, layered perovskites are promising candidates for solar cell 
absorbers. In this work, the layered lead-free perovskites (BA)2(MA)n−1SnnI3n+1 (BA= C4H9NH3, MA= 
CH3NH3, n=1,2,3) shown in Figure 1 are investigated for their solar absorber properties through 
hybrid density functional methods with the addition of spin-orbit coupling (SOC). Our research 
indicates that compared with the lead analogues, the tin compounds possess band gaps closer to 
the ideal indicated by the Shockley-Queisser limit, stronger absorption in the visible light region, 
and a larger theoretical maximum PV efficiency. Particularly, the n=3 structure shows a 
spectroscopic limited maximum efficiency (SLME) of 24.6%. Hence, these materials can be 
potential alternatives to toxic MAPI and show promise for future PV applications. 
 

 
Figure 1: Band gaps and structures of layered tin perovskite series with general formula of 

(BA)2(MA)n−1SnnI3n+1.  
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We utilized a first-principles approach with periodic model calculations to obtain 

insight into roles of Sn-doping to behavior of Li intercalation in V2O5 cathode materials 
used in Li-ion batteries. Density functional theory (DFT+U) calculations were carried out 
to study microscopic structures and electronic structures of a Sn-doped V2O5 system. We 
find that the bonding interaction between Sn and V2O5 lattice displays mixed ionic/covalent 
character in which Sn donates two of its four valence electrons to nearby V centers and 
shares the other two valence electrons with surround O atoms in the V2O5 lattice. The 
extra electrons originated from Sn insertion increase number of charge carriers which 
could improve electronic conductivity in the material. In addition, Sn insertion induces 
geometrical distortion in the V2O5 structure which in turn affects thermodynamic and kinetic 
properties of Li insertion. Combining the calculated insertion energies and diffusion 
barriers elucidates how Li-ion is intercalated into the V2O5 structure in the presence of Sn. 
Although the inserted Sn atom may block and/or trap Li-ion, most diffusion paths exhibit 
low lying energy levels when compare to that of pure V2O5 suggesting that Sn-doping 
facilitates Li intercalation in V2O5-based cathode materials.   

 

 

Figure 1: Schematic illustration of Li migration in the presence of Sn in V2O5 lattice 

 
 
 


