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PREFACE

Dear Colleagues,

The Steering Committee postponed the ECSSC in Prague in August 2021 to July 2023 due to
the pandemic still prevalent and severe travel restrictions. To avoid full disruptions of the 2021
ECSSC sequence and as a reminder of the taste of the current event in Prague the Steering Com-
mittee also unanimously arranged the conference as a virtual online (ZOOM program) one day
meeting e.g., August 16 or June 28, 2021, with 4 invited speakers.

Now, it is with pleasure that we welcome you for the 18th European Conference on Solid
State Chemistry (ECSSC 2023) held in Prague, Czech Republic, on July 9 — 12, 2023.

Solid state research and topic of the ECSSC 2023 are a combination of chemistry, physics,
crystallography, and engineering that aims at synthesis, design, and evolution of solid func-
tional materials with extended structures and interesting chemical or physical properties. As
systems, this includes ceramics, heterogeneous catalysts, electrode, and battery materials, semi-
and superconductors, photocatalysts, sensors, pigments, luminescent substances and much more.
Recently, especially materials for better energy efficiency are amongst the most investigated
systems. Also, the question of resources and renewables has become prominent for materials
research.

Solid materials are often inorganic chemicals (like oxides, chalcogenides, silicates, halides,
borides, intermetallics), but the methods and models that are used for characterization, analysis
and description of the substances come from physical chemistry, physics, or crystallography.
Synthetic methods include molecular and ceramic routes. An increasing role is attributed to
theory both for prediction and understanding as well as for modelling and tuning of materials.

We hope you are going to enjoy your stay in Prague now.

Barbara Albert — chairperson (Technical University Darmstadt)

Tomas Wagner — organizer of 18 the ECSSC2023 (University of Pardubice)

David Sedmidubsky — co-organizer (University of Chemistry and Technology, Prague)

Paul Attfield — Solid State Chemistry division of EuChemS, (University of Edinburg, Edinburgh)

| 15|



PRAGUE 2023

GENERAL INFORMATION

Conference venue

The conference will take place in the Bfevnov monastery in Prague, the first male monastery in
Bohemia, founded in 993. It is a monastery in the Benedictine tradition.

The Benedictine monks follow the rule of Saint Benedict, a rule of their community which Saint
Benedict of Nursia wrote down for them in the sixth century. The way of life of this order is
expressed in the maxim ,,To pray and to work“. The community of monks prays and works again
in the monastery.

The representative halls of the prelate’s residence are hired for cultural and various public or
private events.

Address

Benediktinské arciopatstvi sv. Vojtécha a sv. Markéty,
Markétska 1/28, 169 00 Praha 6-Bievnov
GPS: 50°5'4", 14°21"25"

Conference language
The conference language is English. Simultaneous translation will not be provided.

Conference office and on-site registration

The Conference office in the conference venue will be open for registration and information:

Sunday, July 9, 2023 13:00 — 19:00
Monday, July 10, 2023 8:00 - 12:00
Tuesday, July 11, 2023 8:30 - 12:00
Wednesday, July 12,2023 8:30 - 12:00

Conference Opening

The conference will officially begin on Sunday, July 9, 2023, at 16:00 with Plenary Lecture pre-
sented by Prof J. Jiang (National University of Singapore) followed by a series of invited lectures
and contributed lectures.

All participants are cordially invited to a Welcome Drink, which will be served at 18:00.

Student Award

All student poster contributions are automatically included in the Student Award contest. The
best student’s contribution will be awarded by a valuable price.

Students not wishing to participate are kindly asked to inform the Organising committee at the
registration desk upon arrival.
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Department of General and Inorganic Chemistry
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and Center of Materials and Nanotechnologies
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e-mail: Tomas. Wagner@upce.cz
www.ecsscl8.com
info@ecsscl18.com

18™ EUROPEAN CONFERENCE ON SOLID STATE CHEMISTRY

| 17 |



PRAGUE 2023

The 1+ floor — Registration desk, Scientific Programme, Exhibitors,

Coffee breaks

Brandl Room Stairs Private Private
Corridor j
Private j
Vv \%Y j
Theresian Hall

AN J

rivate|| Private

. >
Corridor D> Private j
_ V9]
Main

Entrance ]

Abbot’s Dining Room Audience Room Pompeiian Corner
Room Room j

| 18|



18™ EUROPEAN CONFERENCE ON SOLID STATE CHEMISTRY

Ground floor — Lunches

Stairs Private Reservoir Private Blue Room

mATe Vo Yy

Corridor j

Gold Room

/i

Salla Terrena ﬂ

L

wC j
ﬁ Corridor Private
|
Benedictine Wine Cellar Ll j
Private

o [ R

A

1 | I |

| 19|






1 8th

Confe

on So
Chemistry

Part |

PROGRAMME

Uropean

ence

id State



PRAGUE 2023

SUNDAY, JULY 9, 2023

13:00-19:00 REGISTRATION

16:20-17:00 Metal-organic frameworks for sustainable separations and reactions:
A computational perspective PLO1
J. Jiang

17:00-17:30 Designer’s metal-organic materials and interfaces through ALD/MLD
M. Karppinen

17:30-18:00 Exploring model catalysts through the integration of in-situ near-ambient pressure
XPS and STM
P. Matvija, M. Vorokhta, F. Pchalek, S. Oveysipoor, L. Piliai, T. N. Dinhova, B. Smid, IL02
1. Matolinova

18:00-18:30 WELCOME DRINK

ILO1

Chairperson: Tomas Wagner

18:30-18:50 Negative linear compressibility of the hybrid perovskite [C(NH,),|Er(HCO,),(C,0,)

T. J. Hitchings, A. B. Cairns, D. Allen, P. J. Saines LO1

18:50-19:10 Complex modulations of the crystal structure of functional oxides
with perovskite-related structure L02
S. Garcia-Martin, R. Marin-Gamero, E. Urones-Garrote, X. Martinez de Irujo-Labalde

19:10-19:30  Perovskite-type RbNbO, as a high-pressure polymorphism

A. Yamamoto, K. Murase, K. Sugiyama, T. Kawamata Lo3

19:30-19:50  Chemical and physical pressure effects on structural and magnetic properties of
R,CuTiO, perovskite series with R ranging from La to Lu LO&
L. Sederholm, A. Yamamoto, M. Karppinen

MONDAY, JULY 10, 2023

8:00-12:00 REGISTRATION

Chairperson: Barbara Albert

9:00-9:40  Solid-state batteries — at the edge between Solid State Chemistry and Materials
Science PL 02
J. Janek
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SESSION I Chairperson: Duncan H. Gregory

9:40-10:10  Prediction of electrical conductivity of porous composites using 3D equivalent
electronic circuit network model. Solid oxides fuel cell electrode case study IL03
D. Budag, V. Milo$, M. Carda, M. Paidar, K. Bouzek

10:10-10:30 ~ Critical current density of Li PS Cl powder pellets and processed films
A. Tron, A. Beutl L 05

SESSION II Chairperson: Ivan Khalakhan

9:40-10:10  Synthesis-dependent structure-property relationships of quantum materials
L. Clark, J. N. Graham, J. R. Stewart, J. A. Cooley, M. Songvilay, G. Confalonieri, IL 04
D. Fortes, P. Manuel, A. R. Wildes

10:10-10:30 Quantum spin liquids in cation ordered perovskites
M. J. Milton, P. Manuel, J. P. Attfield Lo6

10:30-11:00 Coffee Break

SESSION I Chairperson: Maarit Karppinen

11:00-11:20  Lithium transport mechanisms characterised by ssNMR and ToF-SIMS in hybrid
electrolytes for solid-state batteries LO7
T. Meyer, T. Gutel, M. Bardet, H. Manzanarez, E. De Vito

11:20-11:40  Packings of sphere packings - a new path to solid state ionic conductors?

M. Petrik, W. Hornfeck Los
11:40-12:00 Growth of metal oxide film electrodes for electrochemical capacitor by electrospray

deposition L09

M. P. Chavhan
12:00-12:20 New tungsten bronzes via electrochemical intercalation

B. Rasche, I. Neumann, Y. Chen, M. Yang L10
12:20-12:40 Composition-activity-stability relationship in Pt-Au alloys for oxygen reduction

reaction

X. X. Xie, V. Briega-Martos, R. Farris, M. Vorokhta, T. Skala, I. Matolinova, L11

K. M. Neyman, S. Cherevko, I. Khalakhan

SESSION I1 Chairperson: Lucy Clark

11:00-11:20 Metal-insulator transitions in hollandite vanadate and chromate
M. Isobe, P. Puphal, H. Takagi L12

11:20-11:40  Fluoridoargentates(II) as potential analogues to superconducting cuprates
M. Dragomir, M. Belak Vivod, M. Lozinsek, Z. Jagli¢i¢, G. King

11:40-12:00 FeMn,Ge,Sn,O,: a “partial” spin-liquid candidate with a perfectly isotropic
2-D Kagomé Lattice
C.D. Ling, M. C. Allison, S. Wurmehl, B. Biichner, J. L. Vella, T. Sthnel, L
S. A. Brauninger, H.-H. Klauss

12:00-12:20 Hidden orders in 2D van der Waals materials: The example of magnetic crossover in
the mixed-anion compound CrSBr
S. A. Lépez-Paz, Z. Guguchia, V. Y. Pomjakushin, C. Witteveen, A. Cervellino,
H. Luetkens, N. Casati, A. F. Morpurgo, F. O. von Rohr

12:20-12:40  Solid-state synthesis of carbon-coated lithium vanadate Li,VO,- as anodes
for High-Performance Li-ion Capacitors L16
S. Lonkar, C. Busa

12:40-13:40 Lunch
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13:40-14:20

14:20-14:50

14:50-15:10

15:10-15:30

14:20-14:50

14:50-15:10

15:10-15:30

15:30-16:00

16:00-16:20

16:20-16:40

16:40-17:00

17:00-17:20

17:20-17:40

17:40-18:00
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A. Green, E. Driscoll, P. Slater
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F. O. von Rohr

Supraparticles as identifiers or temperature indicators with spectral magnetic read-
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oxygen redox
M. Guignard, V. Saibi, L. Castro, I. Sugiyama, C. Delmas

Sodium insertion into TiO, hollandite: structural and electrochemical study
E. Garcia-Alvarado, A. Duarte, P. Diaz-Carrasco, A. Kuhn, A. Basa

Structural evolution of layered H,V,0, high-capacity cathode material
for lithium-ion batteries during lithium intercalation

A. Kuhn, J. C. Pérez-Flores, M. Hoelzel, V. Diez-Gémez, I. Sobrados, J. Sanz,
F. Garcia-Alvarado
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SESSION I Chairperson: Jianwen Jiang

16:00-16:20 Evidence for a disorder-induced spin liquid in the tuneable spin ladder-chain
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J. Cussen
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17:00-17:20 Experimental investigation of magnetic dilution effect on the frustrated quantum
antiferromagnet SrCu,(BO,), L30
L. Sibav, G. King, Z. Jagli¢i¢, M. Koblar, M. Otonicar, D. Ar¢on, M. Dragomir

17:20-17:40 Magnetic structures of Dirac nodal-line semimetals LnSbTe
L Plokhikh L31

18:00-20:00 POSTER SESSION I

Nitridooxorhenate and -technetate anions [MO,N],- (M = Tc, Re) from reactions in
highly alkaline media PO1
D. Badea, E. Strub, J. Bruns

Ternary Alkali metal Thallides ATI (A = K/Rb, Cs/Rb)
V. F. Schwinghammer, S. Gértner

Solution combustion synthesis of thermodynamically metastable oxide-phosphates
with rutile- and anatase-related structures P03
S. Friichtnicht, M. Weber, R. Glaum

P02

Ferroelectric Properties on Ba,,..Ln,, . (ZrxTi,, ) Sn, O, Materials
K. Taibi, S. Zemouri-Smail, A. Lahmar P04

Electrocrystallisation of Ternary Amalgams
D. Kraut, C. Hoch P05

Cs,0 as a strong oxidiser - A new synthetic route towards oxometalates

L. Zaytseva, C. Hoch P 06

Novel representatives of the structure type Na,RbT,, with the lighter homologue
Indium PO7
M. Janesch, S. Gértner

High-pressure Synthesis of Alkaline Metal Niobates with Tetragonal Tungsten
Bronze-type Structure P08
K. Murase, T. Sato, A. Yamamoto, K. Sugiyama

Anion Redox in Lithium Main-group Metal Oxides
Z. Chen, S. Mahato, X. M. De Irujo Labalde, M. Hayward P09

Synthesis and characterisation of lanthanum zirconate as a candidate filler material
for polymer derived ceramic coatings P10
P.N. Moghaddam, M. Parchoviansky, 1. Parchovianska, A. Pakseresht

Investigation of structure and luminescence properties of bismuth-based
coordination polymers with N-donor ligands P11
K. V. Borysova, J. R. Sorg, E. A. Mikhalyova, K. Miiller-Buschbaum

Tin-Boroxines-Based Inorganic-Organic Macrocycles: Synthesis, Characterization
and Hydrophobicity P12
M. Novék, M. Bouska, S. Podzimek, R. Jambor

High-Pressure Synthesis of SmSi,

T. Neziraj. S. Wirth, Y. Grin, U. Schwarz P13
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Mixed-metal monophosphate tungsten bronzes containing divalent transition metal
ions (MII: Fe, Co, Ni) and tungsten(VI)
L. K. Aymans, R. Glaum

Amino acid crystals as high-performance, eco-friendly structural health monitors
K. Hari, S. Bhattacharya, S. Guerin

High temperature magnetic ordering in new quadruple perovskites Sr,NaM,O,,
(M = Ru and Os)
G. S. Thakur, T. Doert, T. Hansen, E. Osmic, W. Schnelle, T. Herrmannsdorfer, M. Ruck

Effect of concentration of conductive polymers in zinc-pigmented epoxy-ester based
anticorrosive coatings
Y. Raycha, M. Kohl, A. Kalendova

Oligothiophene Dendron-Modified CdS Nanoparticles and Their Optical Properties
A. Yoshida, R. Nozawa, Y. Sakagami, M. Matsubara, A. Mori, A. Muramatsu, K. Kanie

Synthesis and characterization of glass and crystalline compositions
in the (Na,Se) (As,Se,), . chalcogenide system
A. Sammoury, M. Kassem, M. Bokova, T. Hamieh, J. Toufaily, E. Bychkov

Influence of twill fabric topography on bloodstain pattern shape
S. Brnada, A. Kalazic

Assessing the local structure and quantifying defects in Ca,Fe,O,, combining STEM
and FAULTS

J. Or6-Solé, J. Serrano-Sevillano, J. Gazquez, C. Frontera, A. P. Black,

M. Casas-Cabanas, M. Rosa Palacin

Resonant Properties of Polycrystalline Biomolecular Assemblies
T. E. Ryan, S. Guerin

Polysulfide in-situ characterization with 3D electron diffraction for Lithium-Sulfur
batteries
S. Rahimi, A. Hajizadeh, J. Hadermann

In-situ 3D ED to study the structural transformation of NMC during
electrochemical reactions
A. Hajizadeh, S. Rahimi, J.Hadermann

Bloodstain pattern analysis using shape descriptors
A. Kalazic, S. Brnada

The effects of alkali metal intercalation on the structure and superconductivity
of Niobium Selenide
K. Steele, S. J. Clarke

Discovery of superconductivity in Nb,SiSb, with a V SiSb -type structure

and implications of interstitial doping on its physical properties
M. D. Balestra, O. Atanov, O. Blacque, R. Lefévre, Y. H. Ng, R. Lortz, E. O. von Rohr

P15
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P22

P23

P24

P25

P26

P27
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TUESDAY, JULY 11, 2023

Chairperson: Spyros Yannopoulos

9:00-9:40  Phase change optical memory materials: Why are alloys of Ge, Sb, and Te almost

the only materials of choice? PLO&4

R. O. Jones

SESSION I Chairperson: Jifi Orava
9:40-10:10  Chalcogenide glasses and fibers for photonic applications in the infrared

J.-L. Adam, J. Troles, C. Boussard-Plédel, X. H. Zhang ILo7
10:10-10:30  Light-induced surface microstructures on Ge-As-S glasses

E. Samsonova, P. Kutéalek, E. Cernoskova, P. Knotek, J. Schwarz L32

SESSION II Chairperson: Joke Hadermann
9:40-10:10  Polymorphism and magnetic properties in high pressure A-site manganites e

E. Solana-Madruga

10:10-10:30 Locking any magnetization by freezing of magnetic domains in a transient soft
to super-hard magnet L33
0. Mentré, B. Leclercq, A. Pautrat, A. M. Arevalo-Lopez, S. petit, V. Stolyarov

10:30-11:00 Coffee Break

SESSION I Chairperson: Miroslav Vl¢ek
11:00-11:20  Er**-doped TeO,-ZnO-La,0, optical glasses

J. Susky, S. Slang , L. Bene§ , B. Frumarova , R. Svoboda , T. Wagner, L. Stiizik L34
11:20-11:40  Structural analyses and properties of complex sulphides in the Cr-Sn-S system
E. Guiot, V. Dorcet, E. Guilmeau, B. Malaman, T. Schweitzer, P. Lemoine, C. Prestipino L35
11:40-12:00 Holmium-doped TeO,—ZnO-La,0, tellurite glasses for photonics applications
and fibre optics
J. Hrabovsky, F. Desevedavy, L. Strizik, J. Oswald, L. Nowak, T. Wagner, F. Smektala, L36
M. Veis
12:00-12:20  Gold(I)-thiolate coordination polymers as transparent glasses and cyclic
phase-changing materials
S. Vaidya, O. Veselska, Z. Fan, A. Zhadan, A. Fateeva, P. Bordet, S. Horike, L37
A. Demessence
12:20-12:40 Tuning the metallic glasses properties via ultrafast heating/cooling
J. Orava, Y. H. Sun, I. Kaban L38
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11:00-11:20

11:20-11:40

11:40-12:00

12:00-12:20

12:20-12:40

12:40-13:40

13:40-14:20

14:20-14:50

14:50-15:20

15:20-15:40

14:20-14:50

14:50-15:10

15:10-15:30

15:30-16:00
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SESSION II Chairperson: Elena Solana-Madruga

Cation ordered doping of ferrite perovskites: influence on redox behaviour,
magnetism, and mixed ionic electronic conductivity
A.J. Brown, O. Wagstaff, A. Manjon-Sanz, H. Brand, M. Avdeev, I. Evans, C. D. Ling

Understanding the texture degree on zinc aluminate Nd, Ce sub-micrometer films by
screen printing for NIR emitting applications
R. E. Rojas-Hernandez, F. Rubio-Marcos , J. F. Fernandez, 1. Hussainova

Many body localisation in CeMnAsO, Fx?
A. C. Mclaughlin, G. Lawrence, S. Simpson, E. J. Wildman

V-V dimerization in MnVO, ilmenite low-pressure polymorph: Crystal
and magnetic structures and properties
A. M. Arévalo-Lépez, D. Khalyavin, O. Mentré

Multifunctional coordination polymers for fluorescent sensing of VOCs
and hazardous ions from contaminated water

K. A. Siddiqui
Lunch

Chairperson: Paul Attfield

New possibilities in in situ and ex situ crystal structure determination based upon 3D
ED

R. Poppe, D. Vandemeulebroucke, M. Quintelier, A. Hazijadeh, S. Rahimi, S. Gholam, M.
Batuk, J. Hadermann

SESSION I Chairperson: Olivier Mentré

In-situ characterization of gas-solid interfaces by near-ambient pressure X-ray photo-
electron spectroscopy
M. Vorokhta, L. Piliai, T.N. Dinhova, P. Matvija, . Matolinova

Bias-free graphene-based in situ TEM observation of electrode materials
for batteries
J. Y. Cheong, J. H. Chang

Structural investigation of new Li ion containing oxides using combined diffraction
and NMR and EXAFS spectroscopy

E. N. Sayed, Q. Jacquet, P. Groszewicz, S. P. Emge, P. C. M. M. Magusin, C. O’Keefe,
S. Dey, C. Kocer, A. Morris, C. P. Grey

SESSION II Chairperson: Klaus Miiller-Buschbaum

Investigating the catalytic potential of iron-doped calcium titanate: a study of oxide
vacancy structures and microstructures
M. Amano Patino, M. Ibrahim, N. Frederich, H. Kaper, M. Ceretti, W. Paulus

Theoretical insights into the monolayer adsorption and characterization of HB238
merocyanine on Ag(100) surface
R. Tomar, A. Kny, M. Sokolowski, T. Bredow

Understanding the synthetic reliability of Na MnO, and similar layered phases
J. Beecham-Lonsdale, D. C. Arnold, S. Ramos-Perez

Coffee Break

L 40

L4&1

L42

L43

PLO5

IL0S

IL10

L44

IL11

L 45

L 46



18™ EUROPEAN CONFERENCE ON SOLID STATE CHEMISTRY

SESSION I Chairperson: Claus Feldmann

16:00-16:20 X-ray photoelectron spectroscopy: a key tool for assessment of 2D molybdenum L47
dichalcogenides synthesized by ALD
J. Rodriguez-Pereira, R. Zazpe, J. Charvot, F. Bures, J.M. Macak

16:20-16:40 Charge density refinement on inorganic crystals using electron diffraction L48
E. Yoriik, A. Suresh, P. Brazda, M. K. Cabaj L. Palatinus

16:40-17:00 Chemistry at the nanoscale: AFM meets IR spectroscopy L49
J. Hordk

17:00-17:20 CeScSi-type intermetallics: Modulation of magnetic properties through light L50

elements insertion and catalysis of ammonia
E. Gaudin, K. Alabd, C. Croisé, F. Can, X. Courtois, N. Bion, A. Villesuzanne, S. Tencé

17:20-17:40  Analysis of ground particle behavior in wet ball milling by DEM-CFD simulation L51
K. Kushimoto, J. Kano

SESSION I1 Chairperson: Helmer Fjellvag

16:00-16:20 Optomagnetic composites by combination of strong magnetic and luminescent com-
ponents L52
K. Miiller-Buschbaum, M. Seuffert, T. Wehner

16:20-16:40 Exploring structure-property correlations in the frustrated layered material,
Mn,Mo,O, L53
D. C. Arnold, H. L. McPhillips, S. Ramos

16:40-17:00 Developments in high-pressure growth of rare earth nickelates single crystals

D. J. Gawryluk L 54
17:00-17:20  Tuning physicochemical properties in TbMgNi, Co -(H,D), system
V. Shtender L55

17:20-17:40 Magnetic properties controlled by short-range structural and spin order in layered
materials L56
J. D. Bocarsly, S. E. Dutton, C. P. Grey
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Selective ion transport of catalytic hybrid aerofilm Li-S batteries
C. Senthil, S. S. Kim, H. S. Kim, J. W. Hong, H. Y. Jung

Solid-state electrolytes for Na-ion batteries: exploring the synergy between
metal-organic frameworks and ionic liquids

A. Mirandona-Olaeta, E. Goikolea, S. Lanceros-Mendez, A. Fidalgo-Marijuan,
L. Ruiz de Larramendi

Understanding Fe-cation migration in LiF,, In SbO, Cathode Materials
X. Martinez de Irujo-Labalde, S. Mahato, M. Hayward

Synthesis of Low-Pt-Based Electrocatalyst Derived from Porous MOF-808(Zr)-NH,
Nanoparticles Towards Oxygen Reduction Reaction
T. M. Pham, J. Kim

Upcycling Lithium Titanate (LTO) Anodes into the Next Generation of High Power Ti
Doped Nb,O; Anodes (TNO)
A.J. Green, E. H. Driscoll, P. R. Slater

Investigation of electrochemical properties of Zn-ion batteries based on ZnMoS,
cathodes
Y. Wang, A. Y. Ganin

Crystal chemistry of Argyrodite type Li-ion conductors
D. Shanbhag, J. Auvergniot, V. Viallet, C. Masquelier

Boosting the electrochemical performance of TNO anode material through structural
and compositional modifications
E. Garcia-Gonzilez, A. Solana-Bello, F.Garcia-Alvarado

Fe-substituted LiTi,O, ramsdellite as electrode material in lithium batteries
P. Diaz-Carrasco, A. Kuhn, N. Menéndez, F. Garcia-Alvarado

Fabrication and characterization of Cu, Zn-doped Li,Ti,O,, anode nanomaterials
for energy conversion applications
J. Dhairat, B. A. Albiss, A. Bozeya

Alloy Nanowire Arrays With Controlled Compositions Templated by Block Copolymers
O. Burg, R. Shenhar

Local Structure Insight into Hydrogen Evolution Reaction with Bimetal Nanocatalysts
Q. Li, X. Xing

Impact of Surfactant-Assisted Downsizing to Luminescent nanoMOFs

on Morphological and Photophysical Properties

M. Maxeiner, L. Wittig, A. Sedykh, T. Kasper, K. Miiller-Buschbaum

Hydrophobic materials based on heteroboroxines
R. Jambor, M. Srb, M. Novak

Preparation of GeTe nanoparticles by low temperature synthetic method
M. Bouska, Y. Milasheuskaya, R. Jambor, P. Némec

High-spin vs low-spin Ni** ions in highly distended octahedral environments:
Sr,NiO,Cu,Se,, Sr,NiO,Cu,S, and the solid solution Sr,NiO,Cu,(Se, S)),

R. D. Smyth, J. N. Blandy, Z. Yu, S. Liu, C. V. Topping, S. J. Cassidy, C. F. Smura,
D. N. Woodruff, P. Manuel, C. L. Bull, N. P. Funnell, J. E. McGrady, S. J. Clarke

Complex magnetic ordering of the mixed-valent layered oxychalcogenides
Ca,Fe,.60,5(2—x)Se(x) (x=0, 0.5, 1, 1.5)

A. Gillette, B. Sheath, S. J. Clarke

Tuning magnetism and superconductivity in transition metal chalcogenides
as a function of composition

L. Taskesen, S. J. Clarke

Lattice Dynamics of Cs,[Mo0,0,]*CsX (X = Cl, Br, I)

A. K. Weber, K. Denisova, P. Lemmens, A. Méller

P28
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Novel Oxochloridoselenites(IV) with Cuban-derived Structural Motives
M. A. Bonnin, C. Feldmann P47

Wurtzite-Type Be,PN, - a new and hard-type material
G. Krach, M. Pointner, K. Witthaut, W. Schnick P48

Ionic-liquid-based synthesis of Ge,N, nanoparticles

E. Jung, C. Feldmann P49
Structural Influence of Lone Pairs in GeP,N,, a Germanium(II) Nitridophosphate

S. J. Ambach, C. Somers, T. de Boer, L. Eisenburger, A. Moewes, W. Schnick P50
Ca,AsSb(NH), — a cation-deficient Antiperovskite with A-site ordering

T. Chau, S. Rudel, D. Han, F. Wolf, T. Bein, H. Ebert, W. Schnick P51

Morin transition in beta-Fe,SeO

N. Qureshi, R. Morrow, S. Eltoukhy, V. Grinenko, Y. A. Onykiienko, D. S. Inosov, M. Valldor P52
Electron-Electron and Electron-Phonon Interactions in van-der-Waals compounds:

MO,, M =S¢, Ti, V, Fe and X = CI, Br

F. Predelli, F. Biischer, P. Lemmens, V. P. Gnezdilov, Y. G. Pashkevich, T. N. Shevtsova, P53
S. Berinskat, A. Moller

Intercalation chemistry of excitonic insulator candidate Ta,NiSe,

P.A. Hyde, J. Cen, S. J. Cassidy, N. H. Rees, P. Holdship, R. I. Smit, D. O. Scanlo, P54
S. J. Clarke

Functionalisation of CaA ,0,:Eu*", Nd** phosphors with Fe,O, magnetic nanoparticles

S. T. Tsantis, G. Kastrinaki, V. Zaspalis, C. Sarafidis, C. Chatzidoukas, S. N. Yannopoulos P55
Transition metal doping strategy for the reversible anion redox process B

A. Wang, Z. Chen, M. Hayward
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WEDNESDAY, JULY 12, 2023

Chairperson: Robert Jones

9:00-9:40  Exploring new transition metal nitride materials

A. Fuertes PLO6

SESSION 1 Chairperson: Midori Amano Patino
9:40-10:10  Compositionally complex alloys for the hydrogen society

M. Sahlber IL12
10:10-10:30  Crystal growth of new uranium and transuranic phases via high temperature solution

and mild hydrothermal methods: Exploration of new materials as potential nuclear

waste forms L57

H.-C. zur Loye, T. K. Deason, A. T. Hines, H. Tisdale, T. M. Besmann, J. Amoroso,

D. P. DiPrete

SESSION II Chairperson: Jean-Luc Adam
9:40-10:10  Mineral-inspired sulphides for thermoelectric energy harvesting

A.V. Powell IL13
10:10-10:30  In-situ XRD and PDF investigation of battery fluoride materials MF, .H,O (M = Fe,

Cr) in controlled atmosphere: accessing new phases with controlled chemistry L58

G. Nénert, L. Ding, K. Forsberg, C. V. Colin
10:30-11:00 Coffee Break

SESSION I Chairperson: Amparo Fuertes

11:00-11:20 A facile preparation of Y,0,S nanoparticles through sulfidation under
a CS, atmosphere L59
Y. Kanazawa, M. Matsubara, R. Ohsuga, A. Muramatsu, K. Domen, K. Kanie

11:20-11:40 Mechanochemical process to prepare amorphous oxides precursor with
isomorphous substitution of Si(IV) by heteroatoms and successive hydrothermal
synthesis to crystalize zeolites L60
A. Muramatsu, H. Kobayashi, G. Tanaka, M. Yabushita, R. Osuga, K. Ninomiya,
M. Matsubara, S. Maki, M. Nishibori, K. Kanie

11:40-12:00  Alkali shuffling in honeycomb layered oxides

E. Mumba-Mpanga, R. Berthelot L61
12:00-12:20 Inorganic materials synthesis in ultra-alkaline hydroflux

H. He, Y. Li, R. Albrecht, M. Ruck L62
12:20-12:40  Anion redox as a means to derive layered manganese oxychalcogenides with exotic

intergrowth structures L63

S. Giri, S. Sasaki, S. Cassidy, S. Dey, G. Cibin, C. Grey, S. Clarke
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SESSION II Chairperson: Flaviano Garcia-Alvarado

11:00-11:20 Quadrature frequency resolved spectroscopy on green upconversion
photoluminescence in GeGa(As)S:Er** CHALCOGENIDE GLASSES L64
L. Strizik, T. Aoki, V. Prokop, J. Hrabovsky, T. Wagner

11:20-11:40 TESCAN’s Analytical Solutions for Lithium-Ion Battery Research

J. Hong, T. Samofil, J. Dluhos, T. Sui, X. Yao L65
11:40-12:00 Local structure and high performance catalysts

X. Xing, Q. Li L66
12:00-12:20 Defect enginnering: Eu** emission enhancement via induced local distortion

S. C. S. Lemos, M. Assis, L. Gracia, L. K. Ribeiro, A. F. Gouveia, Y. G. Galvao, L67

E. Cordoncillo, R. C. Lima, E. Longo, J. Andrés
12:20-12:40 Urinary oxidative stress sensor based on zinc oxide nanorods s

A. Ejaz, D. Gibson, C. Garcia Nufiez
12:40-13:40 Lunch

SESSION I Chairperson: Anthony V. Powell

13:40-14:10 Reaction mechanisms in molten salts for the design of solid-state materials
at the nanoscale
D. Portehault, F. Igoa Saldafia, E. de Rolland Dalon, M. Baron, A. Ghoridi, A. Séné, IL14
E. Defoy, Y. Song, P.-O. Autran, D. Thiaudiére

14:10-14:30  Tecto-borosulfates—syntheses, structures and properties

E. Turgunbajew, P. Netzsch, M. Himmer, G. Buchner, H. A. Hoppe L69

14:30-14:50  Crystal structures of new phosphidosilicates and its homologuos
D. Johrendt, A. Haffner, V. Weippert, J. Aicher, K. Witthaut L70

14:50-15:10  Exploring trirutile materials as a platform for energy storage
E. Djafri, D. Arnold, O. Mentré

15:10-15:30  Understanding the formation mechanism of intermetallic nanoparticles in polyol
processes L72
M. Smuda, J. Stroh, N. Pienack, A. Khadiev, H. Terraschke, M. Ruck, T. Doert

SESSION II Chairperson: Mirela Dragomir

13:40-14:10 Nanostructured thin-film catalysts for hydrogen production via PEM water
electrolysis IL15
P.Kus, T. Hrbek, H. Nedumkulam, M. Mirolo, I. Martens, J. Drnec, I. Matolinova

14:10-14:30  Structural trends and ion diffusion mechanisms in the postspinel-type
NaFe , Ru, O, system L73
L. Benincasa, M. Duttine, M. Suchomel, M. Guignard

14:30-14:50 Base-metal nanoparticles as reactants at room temperature
C. Feldmann L74

14:50-15:10  Functionalization of chalcogenide IR photonic sensor by polymer membrane
for the purpose of detecting aromatic hydrocarbon pollutants in water
M. Vrazel, R. K. Ismail, M. Baillieul, P. Nemec, P. Loulergue, A. Szymczyk, L75
K. Boukerma, R. Courson, A. Hammouti, L. Bodiou, J. Charrier, T. Halenkovic,
M. Bouska, V. Nazabal

15:10-15:30  Soft chemistry of layered titanium and vanadium oxytellurides

N. D. Kelly, S. J. Clarke L76

15:30-16:00  Coffee Break
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SESSION I Chairperson: Peter Kus

16:00-16:20  Thermal transformations and cation redistribution on A,B,0, oxides
K. Ji, E. Solana-Madruga, M. A. Patino, Y. Shimakawa, J. P. Attfield L77

16:20-16:40  Photoluminescence properties of nanocrystalline multicomponent garnet
Gd,Sc Ga, O,, doped with Er** L78
T. Netolicky, L. Benes, S. Slang, B. Frumarova, J. Oswald, T. Wagner

16:40-17:00 Borosulfates — silicate analogue anions with the potential to stabilize polycations

J. Bruns L79

17:00-17:20  Characterisation of Rh*" oxides, an unusual case of pyrochlore stabilisation
under high pressure, high temperature synthesis conditions
S. D. Injac, B. Mullens, F. Denis Romero, M. Avdeev, C. Barnett, A. K. L. Yuen,
B. J. Kennedy, Y. Shimakawa

17:20-17:40  Alkali metal oxide mercurides with isolated mercuride anions
L. Nusser, S. Feldl, C. Hoch L81

L80

SESSION I1 Chairperson. Jun Young Cheong

16:00-16:20  Synthesis and characterization of a novel oxychloride, SrTe,FeO,Cl
J. A. Sannes, B. Gonano, @. S. Fjellvdg, S. Kumar, O. Nilsen, M. Valldor L82

16:20-16:40  The absence of expected paramagnetic behavior in Ba Fe,Te,S,
E. H. Freen, P. Adler, M. Valldor L83

16:40-17:00  Oxides as Pt catchment materials in the ammonia oxidation process - methodology
and mechanistic insight
J. Hessevik, A. S. Fjellvag, O. Iveland, C. S. Carlsen, H. Sensteby, T. By, J. Skjelstad, L84
D. Waller, H. Fjellvag, A. O. Sjastad

17:00-17:20  Probing for dynamics in a strongly frustrated magnet
L. Kubitkové, A. K. Weber, M. Panthéfer, A. Méller L

17:20-17:40  Chemical pressure driving phase transition and morphology in Eu*"-doped KY,F:
An experimental and theoretical insight
P. Serna-Gallén, S. C. S. Lemos, L. Gracia, E. O. Gomes, H. Beltran-Mir, E. Cordoncillo, L86
J. Andrés
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PLO1

Metal-organic frameworks for sustainable separations
and reactions: a computational perspective

l. Jiang*

Department of Chemical and Biomolecular Engineering, National University of Singapore,
Singapore

* The corresponding author e-mail: chejj@nus.edu.sg

Keywords: metal-organic frameworks; nanoporous materials; separations; reactions;
computations

Metal-organic frameworks (MOFs) are a unique class of solid-state nanoporous materials and
have received tremendous interest over the last two decades. The nearly unlimited variations of
metal clusters and organic linkers allow the pore sizes, volumes and functionalities of MOFs to
be readily tailored in a rational manner. Consequently, MOFs provide a wealth of opportuni-
ties for molecular engineering of nanoporous materials and have been considered as versatile
candidates for many important potential applications. Nevertheless, the number of MOFs syn-
thesized to date is extremely large, thus experimental testing alone is economically expensive
and practically infeasible. With rapidly growing computational resources, computational meth-
ods have become indispensable to characterize, screen and design MOFs. In this presentation,
I will give an overview of recent computational studies on MOFs for chemical separations and
reactions, such as carbon capture, biofuel purification, water desalination, CO, conversion. It
will be demonstrated that computations at an atomic/molecular level can secure the quantitative
interpretation of experimental observations, provide microscopic insight from bottom-up, and
facilitate the development of new MOFs.
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Since about a decade, solid-state batteries (SSB) experience fast rising interest as potential elec-
trochemical energy storage device. In SSB, the flammable organic electrolyte is replaced by
a solid electrolyte, which may enable the use of high-capacity metal anodes and can lead to safe
high-energy batteries.

In this lecture, the requirements for different cell components (active electrode materials,
solid electrolytes, separators) will be presented and discussed from the materials perspective.
All components typically require a combination of various chemical and physical properties,
and successful “design” of new materials requires in-depth knowledge of solid-state chemistry,
electrochemistry and physics. It is a major aim of this lecture to highlight the solid-state chemical
concepts that are necessary ingredients.

The lecture will focus on three major subjects that are key to the development of solid-state
batteries. Firstly, solid electrolytes will be discussed that may enter into successful SSB con-
cepts. Secondly, cathode active materials will be discussed as these typically limit the capacity of
alkali bases batteries. Third, the chemo-mechanics of SSBs will be introduced as a critical issue
with respect to long-term stability of SSBs.

While lithium-based batteries will form the major part of the lecture, the current rise of
sodium-based solid-state batteries will also be commented.
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Many of the most ubiquitous materials in Li-ion batteries are oxides. Nevertheless, some of the
best performing materials contain elements from elsewhere in the periodic table (e.g. chalco-
genides, pnictides). Although halide salts have long been employed as electrolytes in solution
or in the molten state, there are few examples of halides as solid-state ionic conductors and until
recently, still less in terms of hydrides.

This contribution focuses principally on the possibilities for designing fast Li-ion con-
ducting (pseudo-)halides as potential solid state electrolytes. In switching the materials design
emphasis from cations to anions, it will be shown how both static and dynamic disorder might be
exploited to enhance Li-ion transport and how diffusion pathways might be modified in terms of
anion geometry and electronegativity (e.g. Figure 1). Synthesis can be challenging, but mechan-
ochemistry and other “soft” chemical approaches, can provide a means to access such materials,
while facilitating nanostructuring and generating defects.

This contribution covers several exemplar systems of promising hydride and halide cation
conductors, including Li-ion conductors such as Li(BH,,X), LiALX, and LiCe(BH,),X; X = ClI,
Br, I, among others. In each case a raft of techniques including neutron diffraction and muon
spin relaxation spectroscopy have been fundamental in elucidating the structure-property rela-
tionships in these systems. A complementary combination of experiment and computational cal-
culations are beginning to shed light on the mechanisms for ionic conduction in these families of
non-oxide materials (e.g. Fig. 1) and their prospects as solid state electrolytes will be evaluated.

j_. g“km )E'V.:n ,

Figure 1: (a) BVSE map showing Li" migration pathways in a (100) projection of the LiAll, structure. Filled
tetrahedra represent [All,] cations. (b) Immediate environment around the octahedral Li site in LiAll,, showing
the positions of nearby interstitial sites.
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Phase change memory materials (PCM) exhibit extremely rapid (nanoseconds) and reversible
crystallization of amorphous nano dots in very thin polycrystalline layers. The phase changes
are usually triggered by voltage or laser pulses of appropriate duration and intensity, and the
nature of the metastable states can be determined by measuring the electrical resistivity or opti-
cal reflectivity. They are the basis of optical memories, including DVD-RW and Blu-ray Disc.
These remarkable properties are matched by the remarkably few materials that have the desired
properties; almost all contain Sb and/or Te, and the commercially most successful are alloys of
Ge, Sb, and Te. I shall discuss two views of the reasons. One [1] notes that these materials have
approximately five valence electrons per atom, which favours rock salt structures that are found
to be essential to successful PCM, the other [2] insists that the chemical bond in these materials
is new and fundamentally different from commonly accepted “covalent”, ,,metallic*, and “ionic”
bonding and deserves a distinct name, “metavalent”. Is it possible to use either to find improved
PCM?
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Whereas 3DED is by now well established for solving and refining structures of particles with
a size down to a few ten nanometres, its application to non-single-crystal particles is only start-
ing to be explored. However, particles that underwent a reaction are often multiphased, or have
defects or short-range order, thus this is an important route to develop. When the reactions have
taken place ex situ, the particles can be studied by conventional TEM, which can show the dif-
ferent phases, short range order and defects directly on the images and diffraction patterns but
cannot analyze their presence quantitatively. Moreover, when the reactions are performed with in
situ TEM, high resolution imaging and in zone patterns of powder particles are not possible due
to only a single rotation axis of the in-situ holders (thus the particles cannot be oriented in-zone).
We will demonstrate that for such in situ TEM experiments not only the crystal structure, but also
the parameters of the short range order and defects [1] and the volume ratios of the phases [2] can
be now determined using 3DED data and we will discuss our in situ 3DED experiments on the
solid-gas redox reactions of perovskite based materials [3] and electrochemical redox reactions
of battery materials [4].
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The introduction of nitrogen in transition metal oxides involves changes in the electronic struc-
ture affecting the physical properties. The lower electronegativity and higher polarizability of
nitrogen compared to oxygen increases the bond covalency, decreasing the interelectronic repul-
sion. The larger electrical charge of nitride anion increases the crystal field splitting and the
polarization, and allows the stabilization of structures with new cation compositions and proper-
ties. [1-3] This lecture will present recent results on transition metal nitride compounds with new
structure types and electronic properties.

Pseudocubic perovskite oxynitrides ABO,N or ABON, derived from the Pm-3m aristo-
type (A=rare earth, alkaline earth metal; B = transition metal) are important materials that show
high permittivities, visible-light photocatalytic activity and colossal magnetoresistance among
other properties.”! BaWON, is the first example of a hexagonal perovskite oxynitride, formed by
sequences of cubic and hexagonal close packed AX, layers where anions are in sharing corners
and faces of the octahedra respectively. It crystallizes in the 6H polytype with the non-cen-
trosymmetric space group P6,mc. The anion order, together with second order Jahn-Teller effect
of W¢" cations and electrostatic repulsions along the sharing faces of the octahedra, induce high
distortions in the tungsten coordination, leading a polar structure and a large dielectric permit-
tivity. [4]

There is only a limited number of spinel nitrides and their discovery is relatively recent
compared with the oxide analogues. MnTa,N, is the first ternary nitride spinel containing only
transition metals, and one of the few examples of nitrides with this structure type. It is a normal
spinel with total order of Mn?" and Ta*>" cations in the tetrahedral and octahedral sites respective-
ly. [5] The nitride anions reinforce the superexchange magnetic interactions in the tetrahedral
sublattice and modulate the direct magnetic exchange between the Mn? cations. This produces
a strong magnetic frustration that is enhanced with respect to the analogous spinels MnAl,O, and
MnSc,S,, formed by tetrahedral Mn** cations and a non-magnetic cation in the octahedral sites.
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Atomic layer deposition (ALD) of high-quality inorganic thin films has been one of the corner-
stones of microelectronics already for decades, while its counterpart for organic thin films, i.e.
molecular layer deposition (MLD), remained nearly un-exploited for long. In recent years, the
hybrid of these two techniques, i.e. ALD/MLD, has been strongly emerging as a state-of-the-art
route for novel designer’s metal-organic thin-film materials.

Currently, the ALD/MLD literature comprises ca. 300 original papers covering processes
for most of the alkali and alkaline earth metals, 3d transition metals, and lanthanides as the metal
component and a variety of aliphatic, aromatic and natural organic components [1]. Excitingly,
some of these processes yield in-situ crystalline and porous metal organic framework (MOF)
structures [2]. Another attractive aspect is that many of the metal-organics realized through ALD/
MLD are fundamentally new materials, difficult if not impossible to access through conventional
synthesis. Moreover, since both ALD and MLD cycles are modular, they can be combined into
any arbitrary precursor cycling pattern to grow elaborated superstructures with functional inter-
faces to introduce multiple and even mutually contradicting properties into a single material.

In this presentation, my intension is to: (i) shortly introduce the breath of the ALD/MLD
processes developed, (ii) address the advantages of fabricating the MOF-like metal-organic
materials and inorganic-organic interfaces in a layer-by-layer manner through gas-phase syn-
thesis, and (iii) highlight some promising ALD/MLD materials for their application potential
in rechargeable batteries, magnetics, and light-conversion materials. My material highlights
include artificial lithium-organic-carbonate SEI (solid-electrolyte interphase) coating layers and
electroactive lithium-organic MOF-like components for Li-ion battery [3], e-Fe,O,:azobenzene
superlattice structures for photo-switchable magnetic films [4,5], and organic-component-sen-
sitized multi-lanthanide-organic films for flexible white-light emitting thin-film phosphors [6].
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The study of catalytic reactions has long been a topic of interest in the field of chemistry and
materials science. In recent years, advancements in analytical techniques have allowed for more
in-depth studies of catalysts at the atomic level in operando conditions. By studying catalysts
in real-time, in their native environment, we can gain a deeper understanding of the underlying
mechanisms that drive catalytic reactions. In this presentation, we will highlight the benefits
of combining in-situ near-ambient pressure X-ray photoelectron spectroscopy (NAP-XPS) and
near-ambient pressure scanning tunneling microscopy (NAP-STM). The integration of XPS and
STM provides a unique combination of surface analytical techniques that can be used to probe
both the electronic and geometric structures of model catalytically active surfaces at elevated
temperature and pressure up to a millibar range.

In our laboratory at the Department of Surface and Plasma Science of Charles University
we operate a combined apparatus that comprises NAP-STM/AFM, NAP-XPS/USP, in-situ elec-
trochemical cell and other surface science techniques. To showcase the use of the system we
will present the study of the room-temperature CO oxidation on the Au clusters supported by
the epitaxial CeO,(111) layers, epitaxial FeO,/CeO,(111) layers and intermixed CeFe O, layers.
The Au/CeO, system exhibits significant chemical and morphological changes upon exposure to
1 mbar of the mixture of CO and O, at room temperature. At the same conditions, the active Au
clusters on epitaxial and intermixed Ce-Fe oxide layers are more stable. Moreover, introduction
of Fe increases low temperature diffusivity of oxygen vacancies in the CeO —FeO, interface.
Both of these factors contribute to the increased catalytic activity of Au supported by the Ce—Fe
oxides compared to the single-component Ce oxide.
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Multiphase electric charge conductors composed of materials with various properties are widely
utilized in technical, as well as research practice. These composite materials include porous
electrodes and other components utilized mainly in the fuel cell and battery technologies. In
this study, a novel equivalent electronic circuit (EEC) network model is presented allowing for
accurate prediction of the electrical properties of such materials without time-consuming exper-
imental determination. The distinct attribute of this EEC network model is the fact, it requires
only easily obtainable data as input parameters: phase composition, porosity and bulk electrical
conductivity of individual constituents. The model generates a large number of cubic artificial
specimens based on random distribution of individual phases according to the input composi-
tion. Each of the generated specimens is substituted with corresponding EEC network. The EEC
networks are solved using the Kirchhoff’s laws resulting in impedance response simulation for
composite conductivity value prediction. Unlike similar models, the EEC network model is able
to account for morphological phenomena such as tortuosity, for more than two present phases
in the system and for the interface phenomena. The EEC network model was validated using
the lanthanum strontium manganite mixed with yttria-stabilized zirconia. Excellent agreement
between the experimentally determined and calculated electrical conductivity for the sample
porosity of 0 to 60 % was obtained. The phenomena observed were explained in terms of perco-
lation theory and proven by microscopic observations.

Due to its variability, the EEC network model can be suitable for a wide range of practical
applications. This approach has thus high potential to save enormous amount of experimental
effort, while maintaining sufficient accuracy, when designing corresponding multiphase elec-
trode structures.
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Quantum (S < 1) magnets with frustrated magnetic interactions are predicted to give rise to a rich
variety of exotic quantum materials properties. This includes novel quasiparticle excitations
that could be manipulated to pave the way to a new form of topologically-protected quantum
computing [1]. However, the complexity of quantum materials often makes characterising the
exact nature of their exotic properties extremely challenging. For instance, in frustrated quantum
magnets, the degeneracy of possible magnetic ground states stemming from the competition of
magnetic interactions means that the experimentally observed properties are extremely sensitive
to any defects or disorder in the underlying materials structure, which can vary from sample
to sample depending on the synthesis method used [2,3]. This in turn poses challenges for the
development of our theoretical understanding of quantum materials, and ultimately limits our
current ability to design and synthesise new quantum materials with properties tailored towards
specific applications [4].

In this talk, I will discuss our recent efforts to explore the synthesis-structure-property rela-
tionships of the frustrated S = ' spinel, ZnV,0,. Previous studies of this material—which con-
tains a pyrochlore network of antiferromagnetically coupled V3* ions—reveal that the structural
and magnetic ground states are sample dependent, ranging from a tetragonally distorted classical
antiferromagnet to a cubic and highly frustrated spin glass [5-8]. I will present two samples of
ZnV,0,, one prepared via a conventional solid-state synthesis method and the other via a novel
rapid microwave-assisted route. I will show how these two different synthesis routes distinctly
impact the evolution of the chemical and magnetic behaviour of ZnV,0, through a combination
of high-resolution powder neutron and synchrotron X-ray diffraction, magnetometry, and X-ray
PDF and diffuse neutron scattering measurements. In doing so, I will demonstrate the potential
for rapid microwave-assisted synthesis as an appealing high-throughput approach to high-quali-
ty inorganic quantum materials discovery.
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Platinum-3d transition metal bimetallic alloys have been extensively investigated in recent years
as a cost-effective alternative to expensive monometallic Pt cathode catalysts for proton-ex-
change membrane fuel cells (PEMFCs) [1].

Nonetheless, such alloys exhibit reduced stability under the corrosive environment of the
cathode. The degradation of fuel cell catalysts during its operation is a complex process involv-
ing an interplay between multiple mechanisms such as dissolution of both platinum and transi-
tion metal, Ostwald ripening, coalescence and carbon support corrosion, which ultimately leads
to PEMFC performance deterioration [2,3]. It is thus essential to describe the entire chain of
interconnected degradation mechanisms in order to formulate a comprehensive model of catalyst
degradation. This is a prerequisite for proposing corresponding mitigation strategies that may
result in a more robust catalyst. With the rising of state-of-the-art in situ techniques that allow
direct analysis of catalysts during operation, the above goal has received increasing attention
from researchers.

This work highlights our recent results on the time-resolved degradation of bimetallic fuel
cell catalysts under simulated operational conditions obtained using in situ electrochemical atom-
ic force microscopy, in situ grazing incidence small angle X-ray scattering, and electrochemical
scanning flow cell with online detection by inductively coupled plasma mass spectrometry.
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The discovery of materials with tailored properties has, time and again, proven to be a cru-
cial stimulus for technological advancement and, by implication, of societal progress. Current-
ly, advancement in the development of many technologically relevant materials is reaching a
point of stagnation. The consensus in the scientific and industrial communities is that we need
to develop new device paradigms based on new materials to overcome this impasse. Quantum
materials, in particular, are widely considered to have a key role in the development of such
next-generation technologies that will meet the urgent technological demands of our society.
Our research aims at establishing a general experimental platform for realizing new quantum
materials. In this presentation, I will discuss some of our recent results regarding the discov-
ery and characterization of new quantum materials. Specifically, our current work on (i) the
heavy-fermion ferromagnet CeZn, ,Ge,, (ii) the unconventional scaling of the superfluid density
with the critical temperature in layered transition metal dichalcogenides, and (iii) the remarkably
robust superconducting properties of high-entropy alloys, will be presented. This work is at the
intersection of condensed-matter physics and materials synthesis, and as I will discuss here, a
special emphasis on the combination of physical and chemical concepts is extremely important
for developing these new quantum materials.
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Vitreous materials composed of chalcogen elements (S, Se, Te) show broad transparency win-
dows that span from the visible up to 12-15 um, depending on their compositions. This is due
to the lower phonon energies of chalcogenides, which are also responsible for enhanced lumi-
nescence of rare-earth ions embedded in such matrices. In addition, chalcogenide glasses con-
tain large polarisable atoms and external lone electron pairs that induce exceptional non-linear
properties. These unique properties, combined with a good ability of chalcogenide glasses to be
obtained in the form of bulk optics, optical fibers or channel waveguides, open the way to a large
range of applications like thermal imaging, infrared light generation, or infrared optical sensing.

The presentation will illustrate the great affinity of chalcogenide glasses for infrared pho-
tonics through the latest results in two challenging topics. First, chalcogenide microstructured
optical fibers, with enhanced non-linearities, for the generation of mid-IR supercontinuum will
be addressed [1-3], with new developments on microstructured fibers obtained from preforms
made by 3D-printing [4]. The second topic will deal with infrared optical sensors based on chal-
cogenide fibers for in situ and real-time identification of chemical species, with a focus on in
operando tracking of the chemistry evolution in Li-ion batteries [5].
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ABO, oxides have proven to accommodate a wide variety of chemical compositions, to crys-
tallise with several structures in competition and to develop diverse physical properties, being
intensively studied in the search for new functional materials. Among them, the use of high-pres-
sure and high-temperature (HPHT) synthesis techniques allows the stabilisation of the small
Mn?* cation in the larger A site, giving rise to the so-called A-site manganites [1] Some of the
most exciting A-site manganites are spintronic (e.g. perovskite MnVO,-II) [2] or multiferroic
(e.g. LINDO,-type MnTiO,-II) [3] materials.

Mixing different cations into the A and/or B sites induces cation order and further magnetic
complexity. Recent studies on high pressure Mn,BB’O, compounds have evidenced the acces-
sibility to new structural derivatives, as the double double perovskite structures (DDPv) [4] or
triple perovskites (TPv) with 1:2 order of the B-site cations [5]. The possibility to tune both
structure and properties as a function of the chemical composition has also been observed, for
instance in the Mn, Co TeO, DPv — Ni,TeO,-type solid solutions [6].

High pressure Mn,BB’O, oxides are known with compositional distribution of oxidation
states 1+/7+, 24+/6+ and 3+/5+ over the B/B’ sites. Surprisingly, polymorphism has only been
found for compounds with B”d%d'° cations up to date, suggesting accessibility to new compounds.
A representative example, for instance, would be the comparison between the magnetoresistant
Mn,Fe*'Re**O,, [7] the frustrated Mn,Mn?'Re®*O, [8] and the polymorphic Mn,Li'Re™O, [9].

Perspectives arising from this revision suggest many new unknown polymorphs may be
found for A-site manganites under HPHT conditions, such as hexagonal perovskites, layered or
oxygen deficient perovskite phases, unknown cation ordered derivatives of the parent corundum
structure or further compositions with mixed anions, among many others. The already success
on finding new materials with a variety of properties and compositions advocates to continue the
search on this prolific playground of HPHT A-site manganites where many new compounds are
envisaged.
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A new laboratory for in-situ/operando studies of a gas-solid interface was recently built at the
Department of Surface and Plasma Science of Charles University. The primary experimental
technique in this laboratory is Near-Ambient Pressure X-ray Photoelectron Spectroscopy (NAP-
XPS) which allows the chemical analysis of the surface of solid material, in the presence of
a gas or vapor, at pressures in the mbar range. Information on the chemical state of surface atoms
and the presence of adsorbate during exposure to gases is crucial in the field of heterogeneous
catalysis to understand the mechanisms of chemical reactions and to optimize the composition
of catalysts. Another area where NAP-XPS can be applied includes studying gas sensing mech-
anisms of gas.

In this work, we would like to report our recent results from the in-situ study of important
industrial chemical reactions on the surface of ceria-based catalysts. To demonstrate the tech-
nique’s capability and the importance of in-situ studies, we present the results from the study
of low-temperature CO oxidation on the model Au/CeO,(111) thin film catalyst and oxidation
of propane and other large hydrocarbon molecules over a nanostructured Ru/CeO, powder-like
catalyst. It is demonstrated that the Au/CeO, catalyst undergoes substantial chemical and mor-
phological changes in CO oxidation operational conditions already at room temperature. At the
same time, the hydrocarbon oxidation over Ru/CeO, revealed ruthenium oxidation into the vol-
atile RuO,, leading to its homogeneous redispersion inside the powder catalyst and increased
catalytic activity.

Besides studies on ceria-based catalysts, we established a methodology that included XPS
analysis of the sensor surface and measurements of its electrical resistance while controllably
exposing it to different gases at high temperatures. The developed method was applied for study-
ing ethanol and NO, (reducing and oxidizing agents) mechanisms on several nanostructured
chemiresistors (SnO,, Cu,O, ZnO, and Zn-phthalocyanine-based ones). The information on the
chemical state of surface atoms and the accumulation of different adsorbates during the detection
process brought new insight into the existing theories of gas sensing.
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Real-time observation on the electrode materials during the electrochemical reaction is crucial
to gain insights and knowledge on the advanced materials engineering for next-generation and
advanced electrode materials. Amongst various in situ analytical tools, in situ TEM offers great
advantage due to its multifunctional characterizations in (i) morphology and (ii) crystal struc-
tures & chemical state [1]. Since the initial work in Science to employ in situ TEM analysis to
observe the dynamical changes that takes place in the electrode [2], a number of great works
have been carried out on various electrode materials ranging from anode to cathode materials
applied in lithium-ion batteries, solid state batteries, and metal-air batteries [3-5]. Conventional
in situ TEM platform can be classified into two categories: i) solid-state in situ TEM method and
ii) SiN_-window based in situ TEM method. The former has a limitation in that it does resemble
the liquid electrolyte environment that actual battery is in, while the latter has limitation in the
high resolution imaging due to the thickness of SiNx window. Moreover, both of these methods
employ specialized TEM holder, which is costly and complicated. In this presentation, we would
like to present an alternative in situ TEM platform that ensures both high resolution and bias-free
in situ TEM platform based on graphene, which is facile to be implemented on the conventional
TEM grid. The research progress and results will be discussed more in detail.
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The presence of vacancies in the oxygen ion lattices of metal oxide materials profoundly affects
their charge transport properties. In 480, perovskites (where 4 and B are metal cations and O are
oxygen ions), partially substituting B cations with lower valence ones (B’) creates oxygen vacan-
cies (Fig. 1). How such vacancies arrange
in the structure affects the charge-carrier
concentration and the materials’ electron-
ic band structure. [1,2] Here, we study
Ca(Ti, Fe )O,, perovskite compounds,
where Fe’"#* cations substitute a fraction of
the Ti*, yielding a deficiency & in the oxy-
gen stoichiometry.

Compositions of Ca(Ti, Fe )O, ; with
x=0.1-0.4 are found to exhibit mixed ionic
and electronic conductivity at surprisingly
low temperatures. [3,4] Such promising Fig. 1: Representation of the CaTiO, perovskite where
charge transport properties, stability in vacancies can be produced by replacing Ti*" with Fe®*.
reducing atmospheres, abundant compo-
nent elements, and low toxicity make these materials ideal for electrochemical applications. [5]
For example, they could be an alternative to CeO,-based materials in the heterogeneous catalysis
of CO oxidation. However, relating the oxygen stoichiometry and distribution of oxygen vacan-
cies with their charge transport properties remains a significant challenge.

Here we present our results from the preparation and thorough characterisation of the
Ca(Ti,_Fe )O, ; (x = 0.1-0.4) materials. We discuss their catalytic activity toward CO oxidation
and investigate their crystal structure, oxygen vacancy structure and microstructure in relation
to their properties.
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Only two decades after their discovery, compositionally complex alloys or “high entropy alloys”
(HEAs) have made great impact in science. Several materials, inspired by the results on metallic
alloys have lately been introduced, e.g. nitrides and oxides. These alloys have been shown to
have unique properties like exceptional tensile strength, hydrogen storage capacity, magneto-
caloric effect etc. Many of these unique properties are believed to originate from the distorted
structure leading to a high internal strain in HEAs. The research is focused on developing an
understanding of structure-property relations in compositionally complex alloys and its potential
for developing even higher performing alloys.

The research covers synthesis and evaluation of compositionally complex alloys as
advanced materials, with emphasis on physical properties. This includes predicting materials
properties, designing new compounds, determining internal strain, optimizing microstructure,
advanced characterization etc. During this lecture, I will give a general introduction to high
entropy alloys in the hydrogen society, followed by a discussion of recent results [1-2]. Focus
will be on the use of X-ray and neutron scattering for the characterization.
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Thermoelectric (TE) devices, comprising an array of n- and p-type semiconductors, offer the
unique capability to convert otherwise waste heat, directly into useful electrical energy. Device
efficiency is dependent on the performance of the constituent n- and p-type materials, embodied
in a figure-of-merit, ZT = $?°cT/x, where S, o and « are the Seebeck coefficient, electrical and
thermal conductivity respectively. Our work focuses on mixed-metal sulphides for TE applica-
tions. The greater (x10°) abundance of sulphur compared to that of tellurium, on which com-
mercial Bi,Te,-based devices are based, makes sulphide-based devices attractive candidates for
large-scale implementation of TE technology. Metal sulphides also show less degradation than
Bi,Te, at temperatures of much of the industrial waste heat. The polarizability of the sulphide
anion also promotes cation mobility that can result in phonon-liquid electron-crystal (PLEC)
behaviour that significantly reduces the thermal conductivity.

Here, recent investigations of synthetic analogues of sulphide minerals containing
Earth-abundant elements will be described. This encompasses the use of chemical substitution
to enhance the TE properties of a range of p-type materials related to tetrahedrite (Cu,,Sb,S ,),
bornite (Cu,FeS,) and kesterite/stannite (Cu,ABS,). Figures of merit in excess of ZT'= 0.5 have
been achieved at temperatures (373 < T/K < 673) relevant to energy harvesting from industrial
waste heat, with those of substituted bornites reaching Z7'= 0.9 at 550 K.

A significant barrier to the construction of an all-sulphide TE device is the inferior perfor-
mance of n-type sulphides compared to their p-type counterparts. We have sought to address
this, through a comprehensive investigation of chalcopyrite (CuFeS,) related materials, con-
taining the same tetrahedral CuS, building unit present in the high-performance binary copper
sulphides. The presence of a second (Fe) cation suppresses the Cu-ion mobility that is respon-
sible both for the high performance and the instability under operating conditions of the binary
phases. We have sought to exploit substitution with high-valence cations, including Sn*", Ge**
and Cr’*, at copper and iron sites, to effect significant enhancements in charge-carrier concentra-
tion. While this has led to enhancement of TE properties by more than a factor of four over that
of the parent phase, the substituted materials show an unexpected degree of complexity. Appli-
cation of a range of state-of-the-art characterization and computational techniques reveals that
this includes the formation of micro precipitates of substituent-rich phases, charge-localization
through the formation of small polarons and changes in local structure. These results suggest
an unexpected richness to composition-structure-property relations in n-type chalcopyrites and
suggest future strategies for the development of n-type sulphides with enhanced performance.
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Inorganic molten salts are non-volatile liquids stable at high temperatures, often up to 1000 °C
and beyond. Performing chemical reactions in inorganic molten salts is a way to trigger reactivity
in liquids at temperatures that usually pertain to solid-state reactions. This enables syntheses
of unprecedented materials: new compounds, like oxychalcogenides, [1] and nano-objects of
strongly covalent materials, like metal borides or silicides. [2-5] In most cases, the reaction
mechanisms at play in molten salts are unknown, so that the key parameters enabling to tune
reaction pathways and for instance phase selection are unidentified. Hence, it is increasingly
important to shed light on crystallization pathways into inorganic molten salts.

In this talk, we will show how to tune the reactivity of nanoparticles in molten salts to
deliver new nanomaterials of special interest for electrocatalysis applied to H, production from
water and CO, reduction. We will especially focus on compounds of transition metals with boron
and silicon [2,3] to demonstrate how new nanomaterials can be designed in molten salts, and
we will discuss how synchrotron radiation, especially in situ X-ray diffraction and in situ X-ray
absorption spectroscopy, unveil complex nucleation, growth and crystallization pathways in high
temperature liquids.
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Our society is progressively leaning towards utilization of renewable sources of energy. More-
over, recent conflict in Ukraine and consequent sanctions against Russia which affect the global
gas trade further underline the necessity of a self-sustainable, less import-dependent energy pol-
icy. In this regard, the concept of the so-called Hydrogen Economy proves to be very promising.
For its successful implementation, the efficiently working proton exchange membrane water
electrolyzers (PEM-WEs) are essential. PEM-WEs use electrical power to drive electrochem-
ical water splitting into hydrogen and oxygen One of the top research priorities in this field is
a significant reduction of noble metal dependence, predominantly on anode, through systematic
studies of new materials. This talk will cover different approaches on how to improve the perfor-
mance and durability of PEM-WE not only by employing new catalysts but also by modifying
the membrane/catalyst interface. We will be focusing on magnetron sputtering as it is a very
dependable, cost-effective, and industrially scalable method for depositing thin-film multiele-
ment catalysts and is also capable of enlarging the surface of PEM by so-called sputter-etching
process. Finally, we will introduce several recent methods for operando analysis of membrane
electrode assemblies within PEM-WE single cells which have potential to shed more light on
complicated activity-stability relationship of novel catalytic materials.
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All solid-state systems should experience a decrease in crystal cell volume with applied hydro-
static pressure. This is due to the relationship of volume and pressure to Gibbs free energy
being inversely proportional to each other. The overall cell volume must decrease to minimise
the increase in Gibbs free energy. Some materials, however, exhibit the odd property known as
negative linear compressibility (NLC), an expansion along one axis at the expense of a larger
contraction in the perpendicular dimensions. Hybrid framework materials consist of metal nodes
bridged by organic linkers and form a range of topologies with flexible mechanical properties,
leading to more than 20 examples exhibiting NLC behaviour due to their mechanically flexible
strutures. [1,2] Frameworks with short linkers lack substantial porosity but have large enough
voids to incorporate small organic cations, generating systems that are analogues of the ABX,
inorganic perovskites. Such hybrid perovskites have been predicted to exhibit NLC, but to date,
no hybrid perovskites have been found to have NLC experimentally [3,4]

A small family of hybrid perovskites, [AJEr(HCO,),(C,0,) where [A]" = [C(NH,),]" and
[C(NH,),]” featuring monovalent and divalent organic linkers has recently been made. [5,6]
These phases crystalise in the orthorhombic and monoclinic systems and exhibit negative ther-
mal expansion. A recent variable pressure experiment on these hybrid perovskites found that
[C(NH,),]Er(HCO,),(C,0,) exhibited NLC behaviour, the first hybrid perovskite to do so. The
isostructural [(CH,),NH,]Er(HCO,),(C,0,) system, however, did not exhibit NLC behaviour,
instead undergoing a phase transition at moderately applied hydrostatic pressure. A comparison
of these phases and their wine-rack-like structures allow the system requirements for NLC in
them to be determined and used to further understand these strange behaviours.
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The compositional diversity of substitutional derivatives of ABO, perovskites is a testament to
the flexibility of this crystal structure to accommodate different kinds of atoms within the A- or/
and B-sublattice. Ordering at both A and B sites is a common mechanism to accommodate cati-
ons with different radii and/or oxidation states in the structure. In addition to atomic ordering, the
perovskite structure admits a wide range of non-stoichiometry, not only in the anion sublattice
but also within the A-sublattice. The non-stoichiometry is intimately related to the oxidation
states of the B atoms. Therefore, both atomic ordering and non-stoichiometry highly impact the
electronic structure of the perovskite-type oxides and consequently, their electric and magnetic
properties.

We present in here the study of the crystal structure and properties of Gd,,_ Ba,Ca,,. Fe,
M,0 ; layered perovskites with M = Co, Ni. We have used transmission electron microscopy
methods with atomic resolution to solve the crystal structur [1-3]. The Ca-content highly affects
the layered ordering of the atoms with the A positions. Substitution of Fe by Co or Ni results on
partial ordering of the B atoms and modification of their coordination environment. The modu-
lation of the crystal structure affects the oxygen content and location of anion vacancies leading
to different superstructures with the corresponding impact on the electric, magnetic and electro-
chemical properties of the materials [1-4].
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A polymorphism of perovskite-type RbNbO, was obtained by a pressure-induced phase transi-
tion (Fig. 1). The high-temperature and high-pressure treatment effectively compacted the size
of the relatively large alkaline ion, Rb". The crystal structure refined by the single crystal X-ray
analysis revealed that the distortion type of high-pressure phase (HPP)-RbNbO, is same as that
of ferroelectric BaTiO, and KNbO, with an orthorhombic cell of space group Amm2 HPP-Rb-
NbO, shows ferroelectricity at room temperature, proved by the second harmonic generation
(SHG). The new perovskite-type niobate has the potential to high-performance functional-mate-
rials such as ferroelectrics, piezoelectrics, and optical devices.

APP 4~ it HPP
Space Group P1 Space Group Amm?2

Figure 1: Phase transition of RbNbO, from ambient-pressure phase (APP) to high-pressure phase (HPP) with
perovskite-type

Temperature-dependent structural phase transition of HPP-RbNbO, from an orthorhombic
cell to a tetragonal one was observed similar to the transition of KNbO, [1] in high-temperature
powder XRD patterns. Structural detail, ferroelectric property, and thermal stability of HPP-Rb-
NbO, will be discussed in the presentation.
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Double perovskite type oxides A,B’B”O, with 3d transition metals at the B-site have attracted
research attention for their potential magnetic properties [1]. Especially, the rare-earth element
(R) based systems present a useful research platform for investigations of magnetic interactions
and chemical ordering of the B-site as a function of the size of the R constituent. The R,CuTiO,
series with the Cu(Il)/Ti(IV) B-site composition is particularly interesting as it combines
a strongly Jahn-Teller active @® configuration known to promote B-site ordering, and a species
completely lacking in d-electrons.

In conventional solid-state synthesis, only the larger R members of the series [La-Gd] form
the perovskite structure, while the smaller R constituents induce the formation of phases with
hexagonal symmetry [2]. However, through a high-pressure (HP) heat treatment (4 GPa, 1000 °C)
these hexagonal phases can be converted to distorted perovskite-type structure [3]. Most inter-
estingly, we observed signs of the very unusual, layered ordering of B-site cations for the thus
HP-converted Y,CuTiO, perovskite [4].

We discuss the chemical and physical pressure effects on the structural and magnetic prop-
erties of the R,CuTiO6 perovskite series within a wide R constituent range from Lu to La.

0‘@\u &g A % R,CuTiOg
5 ;
‘2\0 8 %._ Y
o 8 it OO' d
£l . Sih $
: | TR
3 3 .
;E‘ \\/ + Figure: R,CuTiO, compounds with
= 2 ovNe hexagonal symmetry are expected to
31 i be converted to distorted perovskite-
s ! It , type structure under extreme pressure,
Lu Yb Tm Er HoY Oy T Gd €u Sm Pm Nd Pr  Ce La following a linear correlation between
R3*.ion radius (A) unit cell volume and R-ion radius. [2]
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All-solid-state batteries are regarded as one of the more promising technologies to improve safe-
ty and performance of current energy storage solutions. Especially the envisioned use of a metal-
lic lithium anode could increase the energy density significantly. Li dendrite formation and the
corresponding risk of internally shorting the battery cell is expected to be fully inhibited by using
a thin, solid electrolyte sheet with high shear modulus [1].

Sulfide-electrolytes, especially the argyrodite family (Li,PS.X, X = Cl, Br) have attracted
much attention for use in all-solid-state lithium batteries due to their high ionic conductivity
(> 1 mS cm™, RT) and feasible processability [2]. Although they also offer high mechanical sta-
bility [3], lithium dendrite growth remains an issue for cells employing this material. Especially,
thin sheets prepared by combination of the electrolyte powder with a suitable binder suffer from
a decrease in the electrochemical and mechanical performance.

Thus, the practicality of sulfide-electrolytes for use in battery cells with relevant power
output is still a matter of debate. One key parameter to evaluate this materials class in more
detail is the critical current density, i.e. the maximum current that can be applied to a battery cell
without excessive Li dendrite formation. It is frequently determined in literature, however, due
to the non-standard evaluation, the obtained data often lacks comparability and meaning (e.g. too
low areal capacities are used, limiting conditions are not clarified). Many parameters which have
a significant impact on the obtained critical current density are not controlled or reported [4].

Therefore, we conducted a series of systematic investigations on the critical current density
of pressed Li,PS,Cl powder pellets as well as processes films. First, the influences of the meas-
urement procedure (step vs. continuous), cell setup (casing, Li source), and sample geometry
(thickness, diameter) on the obtained critical current densities were determined. Then, powder
pellets and films were tested using a set of optimized parameters. Thus, the practicality and limits
of the Li,PS,Cl solid-electrolyte for use in battery cells has been evaluated.
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Quantum spin liquids (QSL) are an elusive, highly nontrivial state of matter that are expect-
ed to display a variety of novel and exotic properties such as spin fractionalisation and long
range entanglement. QSL are predicted to arise in low dimensional magnetic materials that have
high degrees of frustration and small spin quantum number values, theoretically allowing for
quantum fluctuations to persist at zero Kelvin and thus destabilize long range magnetic order.
QSL are believed to hold great applications for future quantum computing and communication
due to their rich physics, however experimental identification remains a challenge [1]. We have
attempted to realise and characterise QSL materials using Ba,BRu,O, perovskites. High-pressure
high-temperature treatment can be used to induce a transformation from an ambient pressure 6H
structure to a trigonal P-3m1 (Ba,SrTa,O, — type) structure [2] (Fig. 1). This generates cation
ordered layers of BO, and RuO, octahedra in a 1:2 ratio in the cubic [111] direction, generating
a honeycomb lattice of magnetic Ru cations. This structure provides a 2D frustrated magnetic
system, and the strong spin-orbit coupling of Ru will lower the effective j state of the system,
making these materials promising potential QSL candidates.

Figure 1:

(left) Hexagonal
perovskite (P6,/mmc)
(right) 3C,, cation
ordered perovskite (
P-3m1)

We have successfully synthesised polycrystalline 3C, , Ba,BRu,O, perovskites (B = Ca and
Mg). The magnetic properties for both samples show very promising QSL behaviour, magneti-
sation shows no magnetic order transitions or hysteresis down to 2K, and an effective paramag-
netic moments of around 1.0 p/Ru’", much reduced from the spin only moment of 3.87 B. Heat
capacity down to 50 mK further supported the absence of any ordering, and integration of C /T
shows that the S = 3/2Ru’" spin entropy for 3C, ,-Ba,CaRu, O, is released up to approximately
80 K, which is in keeping the Weiss temperature of —35 K. TOF PND confirmed that there was
no long range ordering or structural transitions down to 1.5 K in both samples, making these

materials promising quantum spin liquid candidates.
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Battery manufacturers aim at designing safe cells with high energy density. To reach this goal,
liquid electrolytes could be replaced by composite solid-state electrolytes.[1,2] It would allow
to combine advantages of different materials: the straightforward implementation of a ionic con-
ducting polymer that offers good interfaces with the electrodes and the high ionic conductivity
of ceramics. Implemented characterisation methodologies based on °Li-labelling accurately esti-
mate lithium isotopic abundances. Time of Flight Secondary Ion Mass Spectrometry (ToF-SIMS)
analyses consist in performing surface measurements of molecular fragments with a micrometric
lateral resolution enabling a mapping of lithium isotopic abundance over a range of several mil-
limetres. *’Li solid-state Nuclear Magnetic Resonance spectroscopy (ssNMR) analyses provide
global information on lithium ion chemical environments and quantitative experiments can lead
to the determination of absolute lithium isotopes concentrations. The selective introduction of
SLi-enriched components, such as a metal foil, allows to track lithium diffusion. By coupling
these techniques, spontaneous lithium self-diffusion was measured through a polymer membrane
at 60°C. Here, °Li" ions diffusion was characterised through different devices after galvanostatic
cycling. The chosen materials were a garnet-type ceramic, Li, ,La,Zr ,Ta, O,,and a well-known
polymer, poly(ethylene oxide) containing lithium bis(trifluoromethylsulfonyl)imide as a lithium
salt. [3] ToF-SIMS analyses gave access to its evolution throughout the ceramic depth, whereas
NMR analyses offered global lithium isotopic abundance of the different materials. By studying
lithium diffusion paths, diffusion mechanisms were proposed. Numerical simulations helped to
confirm the experimental results and led to diffusion coefficient values coherent with literature.
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When hard spheres of equal size are packed together in space — meaning that any two spheres
in the packing are connected by an uninterrupted path of close contacts — then this is a classical
sphere packing. When, by analogy, entire sphere packings are imagined to be packed together —
so that they interpenetrate each other and, without distortion, establish contact with each other
— then this is what we call a packing of sphere packings (PSP) [1]. Note that the requirement of
contact between the interpenetrating sphere packings rules out commonly known interpenetrat-
ing nets like MgCu, or Cu,O.

Since the discovery of the first PSP (in the course of theoretical work on the f-manganese
structure) [2] dozens of further PSPs have emerged and we have set up an online compilation,
issuing at the same time a call for public contributions of new PSPs [3]. In view of the growing
number of known PSPs the purpose of the present contribution is to call attention to the possi-
bility that PSPs might provide new structural motifs conducive to free movement of ions in the
solid state. A novel approach in the current quest for solid state ionic conductors applicable in
rechargeable batteries is thus proposed.

We disregard the chemistry involved and consider only the structural aspects. Obviously
a structure which permits free movement of ions must posses a sufficient degree of “openness”
in the form of channels through which ions may pass unobstructedly. Now, the very nature of
PSPs demands that already the primary sphere packings themselves posses a major degree of
“openness” in order to leave enough room for interpenetration. But — and this is the point to be
stressed here — even after interpenetration of the primary sphere packings it turns out that enough
interconnected free space may still remain in the resulting PSP.

Two classic examples of superionic conductors illustrate this fact. (i) The structure of a-Agl
(an intermediate-temperature silver ion conductor) is a PSP of iodine atoms — designated as PSP-
1B and consisting of two identical primary packings of the diamond type — in which a three-di-
mensional framework of channels remains open for the silver atoms to pass along freely. (ii) The
structure of RbAg I, (a room-temperature silver ion conductor) is a PSP again of iodine atoms
— now constituting a complex structure isopointal with f-manganese designated as PSP-5P1 and
built of two different primary packings — where again silver ions move freely in a three-dimen-
sional framework of open channels.
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With growing emphasis on energy storage, and use of renewable energy, the electrochemical
capacitors (ECs) gained significant attention over the past decades. For efficient charge transport
in ECs, all the internal area of the electrode must be accessed by the ions from the electrolyte
with minimum resistance. The electrodes of ECs are generally made by mixing the active mate-
rial with binder and laying the slurry over current collectors. This work addresses an alternative
binder-free method of electrode fabrication using electrospray deposition of metal precursors
over current collectors, followed by thermal calcination [1]. The electrochemical performanc-
es of such metal oxide film electrodes are analyzed with respect to precursor concentrations
used during the electrospray experiment, and the different calcination temperatures used for
the growth of Ni, Co, and Mn oxides in a film. The synergy between these mixed oxides in
a composite form of electrodes was investigated. Further, the electrochemical activation of such
electrodes was studied using multiple cyclic voltammetry experiments. The electrodes were
assembled in a hybrid/asymmetric cell using carbon film as counter electrodes, developed by the
same method [2]. The maximum specific energy obtained from such ECs is found at the level of
60 Wh kg corresponding to a specific power of 5000 W kg'. The electrospray technique uti-
lised in this work is inexpensive, simple, operate at room temperature, and thus, can be easily
scale-up for developing electrodes for next-generation energy storage devices.

References

[1] M. P. Chavhan, S. R. Sethi, S. Ganguly, Ind. Eng. Chem. Res, 59, 4428-4436 (2020)
[2] M. P. Chavhan, S. Ganguly, Ind. Eng. Chem. Res, 55, 10073—-10083 (2016)

| 68 |



18™ EUROPEAN CONFERENCE ON SOLID STATE CHEMISTRY

New tungsten bronzes via electrochemical intercalation ——

B. Rasche’, I. Neumann’, Y. Chen?, M. Yang?

" University of Cologne, Department of Chemistry, Greinstr. 6, Cologne/D;
2 University of Oxford, Oxford/UK;

* The corresponding author e-mail: bertold.rasche@uni-koeln.de

Keywords: tungsten bronzes; electrochemistry; intercalation; superconductivity; in-situ diffract

The class of alkali tungsten bronzes is well-known for its superconducting properties. [1] Never-
theless, some superconducting phase diagrams have been investigated only recently and hint
toward composition depend properties. [2] Indeed, the broad phase width of the tungsten oxide
host structure already indicates the flexibility concerning the electron count in these systems. [3]

In this contribution we demonstrate that electro-reduction of tungsten oxide WO, in aqueous
alkali metal solutions leads to so far unknown phases. [4] Amongst others, in case of potassium,
in-situ synchrotron powder X-ray diffraction unravels the concomitant structural changes (Fig. 1),
and reveals two new bronzes K WO, with x; ., = 0.1 (space group P4/nmm) and x, ., = 0.3
(space group 143m). Both structures are perovskite-derived, which so far only has been reported
for the smaller cations’ sodium or lithium. [5] Accessing this structure type seems only possible
by the electrochemical reduction, demonstrating the versatility of the electrochemical approach.

K, WO, Ko, WO,
(tP10) (cl36)

Figure 1: Structures (composition; Pearson symbol in brackets) as determined from in-situ X-ray diffraction
during the electro-reduction of WO, in a KCl solution.
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Stabilizing cathode catalysts in hydrogen-fuelled proton-exchange membrane fuel cells (PEM-
FCs) is paramount to their widespread commercialization [1]. Incorporating specific elements
into platinum catalysts has been recently proven favorable for their stability by inhibiting plati-
num dissolution. Among alloying elements, gold has been reported as one of the most promising
choices so far [2]. However, a significant drawback exists. The gold is inactive for the oxygen
reduction reaction (ORR) running at PEMFC cathode. Moreover, its alloying with Pt makes it
unfavorable for ORR geometrical modifications. The effectiveness of Pt—Au for both activity
and stability thus strongly depends on the alloy structure as well as the compositional profile and,
therefore, should be balanced through precise catalyst engineering.

Targeting that aim, Pt—Au alloy catalysts with various compositions (Pt,,Au,s, Pty Au,,,
and Pt Au,) prepared by magnetron sputtering were investigated [3]. The promising stability
improvement of PtAu catalyst, manifested in suppressed platinum dissolution with increasing
Au content, was confirmed over an extended potential range up to 1.5 V.. On the other hand,
at elevated concentrations Au showed a detrimental effect on ORR activity. A systematic study
involving a set of complementary characterization techniques, and electrochemistry enabled us
to gain a comprehensive understanding of the composition-activity-stability relationship to find
an optimum PtAu alloying for maintaining the activity of platinum and improving its resistance
to dissolution.
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Hollandite is the name of a mineral. The structure of hollandite 4,M,O,, consists of a tubular
MO -framework and 4 cations. The framework is closely related to the structure of rutile MO,,
only that the single chains in the rutile phase are replaced here by double chains. Hollandite
A4,M0,has a mixed valence state of the M cation and can be considered as the doped rutile MO,.
Hollandite vanadates and chromates are not so easy to synthesize as they require high-pressure
synthesis. Interestingly they exhibit metal-insulator transitions at low temperature.

The hollandite vanadate K,V,O,, like the other mixed-valent vanadates, exhibits the met-
al-insulator transition due to charge ordering. Interestingly, the charge-ordering pattern is similar
to that of doped VO,. Furthermore, it does not show any magnetic ordering at low temperature.
We therefore suggest that it could be the one-dimensional magnet at low temperature [1].

In the hollandite chromate K,Cr,O,,, we have observed a ferromagnetic transition at 180 K
and a metal-insulator transition at 95 K [2]. This compound exhibits paramagnetic metal, ferro-
magnetic metal and ferromagnetic insulator phases with decreasing temperature. We have stud-
ied this interesting compound using various measurements and theoretical calculations. Due to
the mixed valence of Cr, we expected the metal-insulator transition to have a charge-ordering
origin, but found it not to be the case using crystal structure analysis. In conclusion, it has been
considered that the ferromagnetism arises from a double exchange mechanism and the metal-in-
sulator transition arises from a Peierls transition [3]. Recently we have successfully synthesized
the sister compound Rb,Cr,O . We will compare to the physical properties of the two com-
pounds.
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In the last three decades, several attempts have been made to replicate the superconductivity
observed in cuprates with transition metals other than Cu** [1-4]. One very promising element
is Ni, the left neighbour of Cu in the periodic table. The first nickelate superconductor was syn-
thesised in 2019 in the form of epitaxial thin films [1] although it was made 20 years after its
theoretical prediction [5]. Moreover, nickelates now have the potential to open a new era in the
field of superconductivity — the nickelate age.

With a 4d° electronic configuration and S = 1/2, Ag?*, has also been recognised as a prom-
ising Cu*" analogue [3,4]. However, the chemistry of Ag®" is slower to develop because this
species is extremely reactive, photosensitive, and moisture sensitive. Moreover, the thermody-
namic stability of Ag? mostly limits its chemistry to compounds in which this cation is present
in a fluorine environment, making the synthesis, handling and the study of such systems very
challenging. In addition, AgF, is insoluble even in anhydrous HF and decomposes at very low
temperatures, limiting the synthetic routes for Ag?* materials, fluoridoargentates(II).

This contribution includes our recent results on the synthesis of new Ag?*-based materials.
I will present our efforts to use mechanochemistry as an alternative synthetic route for fluori-
doargentates(II) and discuss their structural and magnetic properties. Using ball mills we have
synthesised a series of new Ag>-based compounds and characterised them with high-resolution
powder X-ray diffraction, single-crystal diffraction, magnetic susceptibility, neutron diffraction,
and Raman spectroscopy.

We hope that these results will help expand the chemistry of Ag?>" and bring us closer to
a silver analogue of cuprate superconductors and other exotic magnetic materials.
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FeMn,Ge,Sn,O , [1] is a fully ordered stoichiometric phase with a complex composite layered
structure that incorporates an undistorted hexagonal kagomé lattice of Mn** cations. Its discovery
expands the chemistry of the hitherto singular FeFe,Si,Sn,0,, structure type [2] and improves
on the perfection of its kagomé lattice by replacing anisotropic high-spin Fe?* (d%, L = 2) with
isotropic high-spin Mn*" (d°, L = 0), achieved by the size-matched replacement of SiO;~ with
GeO; polyanions in the bridging layer. Single-ion anisotropy of HS Fe*" sites was suspected of
playing a role in the unique “striped” magnetic structure of FeFe,Si,Sn.O,, below 7, = 3.5 K, [3]
which breaks hexagonal symmetry and leaves 1/3 of the spins geometrically frustrated in an
apparent “partial spin-liquid” state down to at least 40 mK. We can now rule that out by observ-
ing the same magnetic structure in FeMn,Ge,Sn,0O,,. We will discuss the potential for further
chemical variation and physical modification, and present new neutron scattering data that shed
light on the nature of the magnetic ground state.

LS-Fe* (S=0) —» Mn? (S=5/2,L=0)
Sn2*0 — kagomé lattice
GeO, —

an‘Oc, Sn"‘O; —pr

-

No long-range spin order
on these sitest0 0.04 K ~— > @
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Two-dimensional (2D) materials that display intrinsic long-range magnetic order hold the prom-
ise to open up new avenues for the electrical manipulation of spins for use in next generation
quantum technologies [1]. The mixed-anion van der Waals antiferromagnet CrSBr stands out
as an interesting platform to enlarge the functionalities of 2D magnetic materials. This material
combines a high magnetic critical temperature (7}, = 140 K), exotic magneto-transport proper-
ties, and complex mixed-anion chemistry [2-4]. Furthermore, an anomalous change on the sign
of the magnetoresistance below 7* = 40 K hints at an exotic low-temperature hidden order in
CrSBr.

Here, we present our results on the synthesis and the temperature-dependent structural, as
well as magnetic properties of CrSBr by combining neutron powder diffraction (NPD), syn-
chrotron X-ray diffraction (synchrotron XRD), muon spin relaxation spectroscopy (uSR), and
magnetization measurements. We evidence that CrSBr undergoes a transition to an A-type anti-
ferromagnetic state below 7},= 140 K with a pronounced two-dimensional character, preceded by
ferromagnetic correlations within the monolayers. Furthermore, we unravel the low-temperature
hidden-order within the long-range magnetically ordered state. We find that it is associated to
a slowing down of the magnetic fluctuations, accompanied by a continuous reorientation of the
internal field. We argue this complex behavior to reflect a crossover driven by the in-plane uniax-
ial anisotropy, which is ultimately caused by the chemistry of this material, i.e. the mixed-anion
character. Our findings reinforce CrSBr as an important candidate for devices in the emergent
field of two-dimensional magnetic materials.
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The design and development of high-performance electrode materials are of paramount impor-
tance to achieve the goal of sustainable energy storage. Hence, the ability to control the compo-
sition and structure of the inorganic compound in conjunction with a simple, scalable synthesis
method is also greatly sought.

Lithium-ion capacitors (LICs) are emerging as one of the most promising energy storage
technologies. Owing to their high energy density and high power density, accompanied by more
extended cycle stability, these devices showed enormous potential in energy storage. However,
the quest to find an appropriate battery-type anode material with low Li-ion insertion potential
and fast electrochemical kinetics is still on. On this front, Li,VO,-based insertion-type anode
materials have shown great promise in LICs, primarily due to their high theoretical capacity
(595 mAh/g), low-Li insertion potential, natural abundance, and faster electrochemical kinetics.
However, its inherent poor conductivity and absence of low-cost scalable synthesis, the potential
for these materials are still deprived.

In this work, we report a facile, solid-state, and environment-friendly preparation process
to produce nanocrystalline layered Li,VO, on a large scale. Furthermore, its hybridization with
carbonaceous materials such as carbon nanotubes and graphene was also demonstrated. The
main objective of this paper is to explore solid-state synthesis encompassing the solventless
mixing of metal salts (Vanadium and lithium) and carbon precursors under continuous solid-state
dispersion followed by moderate thermo-annealing. The resulting nanohybrids were thoroughly
investigated using several techniques. XRD, HRTEM, SEM, Raman, and BET have been applied
to obtain information on the morphology and the structure of the nanohybrid and the vibration-
al and spectroscopic properties. Finally, the electrochemical performance of the resulting car-
bon-coated Li,VO, hybrid material as an anode in fabricating the Li-ion capacitor was investi-
gated. The electrochemical reaction kinetics of the C-Li,VO, was studied by cyclic voltammetry
(CV) at different scan rate. The charge-storage performance was deduced from galvanostatic
charge-discharge (GCD). At the same time, the electrochemical impedance (EIS) studies high-
light the internal resistances developed during the charge-discharge. Finally, long-term stability
and device application were assessed by continuous cycling and glowing LED lights.
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Electrolysers are devices for splitting water into hydrogen and oxygen. The hydrogen is pro-
duced with a minimal environmental impact if the electrolyser is coupled with renewable energy
source. However, for an optimised performance of the device an electrocatalyst is required. Pt
is the best catalyst but production of just 1g of Pt emits ~33 kg of CO, equivalents. [1] Pivotal
change to inexpensive, catalytically active materials is necessary. Traditional metal alloys have
been explored in the past, but they are chemically unstable in highly acidic conditions required
of state-of-the-art electrolysers. [2] A recent report suggests that ternary nitrides are promising
alternatives since they stay stable in acidic conditions and work as catalysts for the hydrogen
evolution reaction (HER) from water at overpotentials similar to Pt. [3]

In this work we build upon our previous research and presents effective synthetic strategies
for design and implementation of a family of chemically stable and active metal nitride catalysts
for the HER. As exemplified in Fig. 1 the most prominent member of the family, Co,Mo;N, is
similar to Pt in acid conditions when immobilised on a high surface area substrate. Building on
this nitride the effect of substitution of Co-sites with a range of transition metals is discussed,
along with an intended impact of the substitutions on the catalytic performance of the nitrides.
Along with the experimental findings the emphasis is given to DFT simulations as means of
elucidating the nature of catalytic sites.

jmA cm-3

<1504 — 20 % Pt on carbon (- 65 mV)
—CogMogN on Ni foam (- 80 mV)

-200- Figure 1: Current densities
250 e displayed by
0 2 4 6 8 10 12 14 18 Pt and Co,Mo,N catalysts
Time (h) under constant potential
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A current growth area in the field of Li ion batteries is the development of improved high charge
and discharge power Li-ion cells, driven from the commercial side by a range of market needs
(e.g. HEV, grid stabilisation, premium power tools, motorsports). Current commercial technolo-
gy is based on lithium titanate (LTO) or graphite/Si anodes, with both having significant limita-
tions, in terms of charge safety and lifetime (graphite/Si), cost (LTO), and energy density (LTO).
With a view to delivering new anode materials for these demanding applications, there has been
increasing interest in niobium oxide-based materials, with additional examples based on compo-
sitions with other transition metals. These Nb-O based materials adopt Wadsley-Roth type struc-
tures, which contain open ReO,-like channels that enable high capacity and fast Li~ diffusivity,
combined with crystallographic shear planes that enable excellent stability and reversibility
[1,2]. In this work, research on Wadsley-Roth systems containing tetrahedral linkages will be
presented. Work will discuss the influence of the tetrahedral cation on the performance, as well
as outline unusual structural changes observed on milling these systems.

Figure 1:

Structure of Nb,PO,,,

highlighting the 3 x 3 block size,
along with the tetrahedral linkages.
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Well-established marking technologies such as barcodes or radio-frequency identification
(RFID)chips require miniaturization for many applications. Going beyond optical signal carriers
for identification, magnetic signals can be transmitted through many materials that would not
allow optical information to pass. Thus, their utilization in light absorbing or multicomponent
materials becomes feasible. Thereby, objects in different application fields could be equipped
with such a smart additive (Fig. 1a). [2]

In this work it is presented that nanostructured micron-sized particles (so called supraparti-
cles [3]) can be spectrally encoded with more than 77 billion magnetic codes as resolved by mag-
netic particle spectroscopy (MPS). [2] Thereby, a magnetic identification tag, which does not rely
on the spatial arrangement of magnetic particles, is established. Magnetically different superpar-
amagnetic iron oxide nanoparticles (SPIONs) were combined within individual supraparticles
in different ratios for code variation.
The concept of the detected magnet-
ic signature will be vividly explained
in analogy to a musical ensemble. It
was found that magnetic dipole-dipole
interactions upon assembly strongly
affects the SPIOns signal response.
This concept was additionally exploit-
ed to synthesize a particle architecture,
which morphologically changes upon
temperature exposure. The morpholo-
gy change alters the interactions of the
SPIONs, making it possible to mag-
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Recording temperature
with magnetic supraparticles

Figure 1: A magnetic particle with a spectrally resolved
magnetic code equips arbitrary objects with information.
The read out independent of optical constraints, enables

netically record bygone temperature a vast variety of unexploited marking and tracing
exposure (Fig. 1b). applications. Reprinted from [2,4].
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Intermetallic compounds containing bismuth are interesting systems for condensed matter
research because their electronic properties are often determined by strong spin-orbit coupling
(SOCQ). In particular, non-trivial electronic band topologies have been identified in such interme-
tallic systems as Na,Bi [1], CaMnBi, [2], and Bi, ,Rh.]I, [3].
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Figure: a) Crystal structure of REBi, (RE = La, Ce, Pr, Nd, Sm). The anionic Bi subunits are shown.
b) Band structure of LaBi, without (/eft) and with (right) SOC included. The inset shows band inversion around
the Y point.
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Lanthanide dibismuthides REBi, (RE = La, Ce, Pr, Nd, Sm) have been known for more than
a century. However, the crystal (and hence electronic) structure of these compounds has never
been determined, likely due to their high malleability and associated poor crystallinity. Using an
optimized synthetic procedure, single crystals of REBi, (RE = La, Ce, Pr, Nd, Sm) suitable for
crystallographic investigations have been produced. These isostructural compounds crystallize
in a new structure type, which can be described as a monoclinic distortion of the ZrSi -type struc-
ture. Electronic structure calculations for LaBi, suggest metallic behavior with band inversion in
the vicinity of a high-symmetry k-point in the momentum space.
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To meet the demand in the growing electrical energy storage, such as electric vehicles and grid
storage applications, novel cathode materials with large storage capacity and high energy density
are required [1,2]. Ni based lithium-rich oxides have attracted great interest and been extensively
applied in the field. The high capacities achieved (250 mAh/g) associated with both cationic and
anionic redox chemistry with these materials have therefore meant that lithium-rich oxides are
attracting considerable interest as the next generation cathode materials for lithium-ion batteries
[3]. Still these materials can suffer from several drawbacks, such as oxygen loss at high voltage,
large hysteresis and poor rate capability.

In this work, we have studied the dual cation substitution (Mg?* + Mo®" = 2Ti*') in the
disordered rocksalt (DRS) Li, ,Ti, ,Ni, O, in order to try to improve the overall electrochemical
performance of this DRS phase. Interestingly, rather than retaining the DRS structure, we show
a change to a cation ordered layered material (Li, ,Ni, ,Mo,,Mg,,O,) through this substitution
strategy (Fig. 1), and here we report the structure of this new system and the electrochemical per-
formance [4]. We also show the rate capability and electrochemical stability of these materials
can be further improved by fluorine incorporation.

LiNiO, is also treated as the promising next generation cathode due to the high capacity of
~270 mAhg ! and high average voltage of 3.8V vs Li/Li™. In this work, we examine the possible
polyanion doping in LiNiO, and the corresponding effect on structural and electrochemical prop-
erties were investigated, illustrating enhanced electrochemical performance with more stable
structure.
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Hydrogen is a crucial commodity in various fields, such as Chemistry, Metallurgy, and Medicine.
However, in recent years, when society went toward reducing CO, emissions and when Europe
hit an energetics Crysis, the energetics-related applications are most relevant and promising.
Since those events effectively force us to leave conventional fossil fuels, there is a rising trend of
utilization of renewables (i.e., wind and solar power plants). They allow the production of a sig-
nificant amount of electrical energy; however, only at specific times as they operate solely under
the right conditions — sunny or windy etc. Moreover, they cannot be built everywhere. Therefore,
we need an energy vector, which would allow us to store and transport this energy. Hydrogen is
an energy vector with the highest gravimetric density; therefore, its utilization is most practical
for multiple applications. However, one of the crucial problems to be solved is efficient produc-
tion. Proton Exchange Membrane Water Electrolyzers (PEM-WE) are the most mature yet effi-
cient technology, which works very well, activity and stability-wise. Unfortunately, they require
noble metals, mainly Ir on the anode and Pt on the cathode, for proper functioning. This talk will
cover mainly the investigation of a novel, Ir-Ru-based catalyst prepared by magnetron sputter-
ing. The primary motivation for the usage of Ru is its much lower price and scarcity compared
to Ir; unfortunately, Ru is also electrochemically unstable compared to Ir. Therefore, we have to
use the mixed Ir-Ru-based catalyst. Our recent results suggest that the best activity and stability
are provided by Ir-Ru 25:75, which is a counter-intuitive phenomenon, as it contains mainly the
unstable Ru. Here we will present a comprehensive operando study of this catalyst, in which we
shed light on this phenomenon. The main focus will be on the PEM-WE working principle, the
unique design of the utilized operando cells, and the chemical and structural composition of the
catalyst as studied in the described operando cells by X-Ray Photoelectron Spectroscopy and
X-Ray Diffraction.
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Li-ion batteries have transformed our daily life by acting as energy dense, rechargeable power
sources for a wide range of electronic devices. Exploration of alternative energy materials are
required to satisfy the current and future demands of renewable energy in grid storage and trans-
port industry. Due to limitations on the supply, cobalt and nickel derived cathodes would face
problems being applied on a larger scale. To address this challenge, as part of the FutureCat pro-
ject, we are studying Fe-based cathode materials which could be used for large scale application,
and it would deliver high energy density owing to Fe**/Fe* redox.

We decided to stabilise the T-LiFeO, structure by substituting Fe with Al and Ga keeping
the atomic arrangements unaltered in the framework. Previously, it was reported that during
cycling a structural transformation took place forming the spinel LiFe O, phase, itreversible
oxygen loss and capacity fading was also observed [1]. LiFe, M O, (M = Al, Ga) samples were
prepared and subjected to chemical and electrochemical lithiation-delithiation, and the effect on
the structure, bonding, and oxidation state at various lithium contents was monitored with XRD,
SXRD, NPD, XANES, RIXS, titration, and SQUID measurements. The effect of Al and Ga pil-
laring the T-LiFeO, structure during the chemical lithium insertion will be discussed in details
in the presentation.
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Lithium-ion technology is the most promising avenue for the electrification of vehicles. Although
already currently in use for several decades, an optimization of the electrode materials is still
possible. In this context, lithium-rich layered oxides Li,, M, O, (where 0 <x < 1/3, and M
is usually a mix of manganese, nickel and cobalt) have been intensively studied as positive
electrode materials in lithium-ion batteries due to their high capacity (more than 250 mAh/g).
However, these materials also present some serious drawbacks. Batteries made with these mate-
rials at the positive electrode can show an important capacity loss after the first cycle due to the
partial irreversibility of the oxygen redox process. They also exhibit a decrease in voltage during
cycling which originates with the migration of manganese ions within the lithium layers and the
formation of a spinel-like structure at the surface of the particles.

To overcome these problems, we decided to synthesize new lithium-rich layered oxides with
the general formula Li,, Mn, O, (with 0 <x <0.25) with a different oxygen stacking that would
make the migration of manganese ions unfavourable thanks to a stronger coulombic repulsion
between the layers (alternative of face- and edge-sharing LiO, and MO, octahedra). The O6-type
lithium-rich layered oxide O6-LiNi, Mn, O, was obtained by ion exchange from the P2-type
sodium layered oxide P2-Na,Li, Ni, Mn, O,. In a first step, the ion exchange was monitored
by variable temperature X-ray diffraction, and we observed that an intermediate compound was
formed during the ion exchange reaction. X-ray diffraction suggested that this compound was
a layered oxide, alternating layers of sodium ions located in prismatic sites and layers of lithium
ions located in octahedral sites, these two layers being separated by a layer of MO, octahedra
(where M is Li, Ni and Mn). At the end of the ion exchange reaction, a pure lithium layered oxide
is obtained with no remaining sodium. Its structure was studied by coupling X-ray and neutron
diffraction and high-resolution transmission electron microscopy. We concluded that the layered
structure was not a pure O6-type structure and that some stacking faults existed (about 15 %).
Finally, the O6-LiNi, Mn, O, compound was used as the positive electrode material in lithium
batteries. The batteries were galvanostatically cycled between 2.6 and 4.6 V and they showed
excellent capacities and capacities retention. The voltage plateau observed during the first charge
at approximately 4.5 V seems to be related to oxygen oxidation. Operando X-ray powder dif-
fraction experiment indicated that the O2-type structure was stable upon cycling and that no
evidence of structure transition towards a spinel-like phase was found. Furthermore, operando
X-ray absorption spectroscopy at the Ni and Mn K-edges showed indirectly that oxygen redox
was mostly reversible.

As a conclusion, this new lithium-rich layered is a very promising material to achieve high
capacity in lithium-ion batteries.
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The electrochemical insertion of sodium into the hollandite TiO, polymorph, TiO,(H), is char-
acterized by a voltage profile that points to the formation of a solid solution TiO,—Na, TiO,
(x: 0-0.4). Thus, the absence of constant voltage region seems to indicate a pseudocapacitive
intercalation material. However, previous results showed that a phase transformation takes place
upon sodium insertion. In this work we have deepened into the electrochemical features and
revisited the structural effect of sodium insertion by means of HRTEM and operando XRD. It
is concluded that TiO, (H) is a battery-like material [2] in which a phase transition does occur;
however, the biphasic dominion is very narrow. Two solids solution are detected, the initial
tetragonal phase and very closely related monoclinic one. Thus, although the voltage profile has
the appearance of a typical solid solution, is in fact two almost consecutive single phases, with
the intermediate biphasic region being scarcely detected.

TiO,(H) develops a stable capacity of 106 mAh g™ after 300 cycles at C/8 (42 mA g™)
and maintains 100 mAh g after 600 cycles. Cycling produces nanosizing of the TiO, elec-
trode (to 200-300 nm) by electrochemical milling, but cyclic voltammetry at different sweep
rates indicates that diffusive controlled faradic contribution to the total capacity of TiO,(H) due
to Na insertion is significant even at high current. However, participation of pseudocapacitive
charge storage is unveiled.

The diffusion coefficient of Na TiO, at dilute conditions determined by a combination of
GITT and PEIS is low (2.6-107'3 cm? s7'), although several orders of magnitude higher than those
of other TiO, polymorph. Therefore, TiO,(H) is a typical battery like materials but for which
kinetics is not limited by a biphasic transformation. Instead, kinetics is limited mainly by slow
diffusion in single phases with variable composition that are formed upon Na* intercalation into
the tunnels favoring the participation of pseudocapacitive charge storage.
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H,V.,O, (HVO) is a promising high-capacity cathode material for lithium-ion batteries (LIBs). It
allows reversible two-electron transfer during electrochemical lithium cycling processes, yield-
ing a very attractive theoretical capacity of 378 mAh g'[1,2]. However, structural changes dur-
ing the intercalation in H,V,0, were not scrutinized, and the crystallographic positions occupied
by the guest species were not revealed. Aimed at providing insights into the lithium storage
mechanism of HVO, in this work we employed a combination of high-resolution synchrotron
X-ray and neutron diffraction to accurately describe the crystal structures of both pristine and
lithiated H,V,O, [3]. The role of water in network stabilization was examined using density func-
tional theory (DFT) calculations.

Easy hydrogen-bonding switch of structural water upon lithium intercalation not only
allows better accommodation of intercalated lithium ions but also enhances Li-ion mobility in
the crystal host, as evidenced by MAS-NMR spectroscopy. Facile conduction pathways for Li
ions in the structure are deduced from bond valence sum difference mapping. It is concluded
that the hydrogen bonds mitigate the volume expansion/contraction of vanadium layers during
Li intercalation/deintercalation, resulting in improved long-term structural stability, explaining
the excellent performance in rate capability and cycle life reported for HVO in LIBs. This study
suggests that other hydrated materials can be good candidates for electrode materials not only
in implemented Li technology but also emerging rechargeable post-lithium metal-ion batteries.
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Exotic quantum states can emerge in magnetic materials with S = % quantum spins and low-di-
mensional interactions. An important class of such materials are spin liquids: materials that
do not magnetically order or freeze even at absolute zero [1]. Spin liquid can be stabilised by
competing magnetic interactions and structural disorder. We have developed a chemical doping
method for tuning magnetic interactions using diamagnetic d'° and d° cations [2].

Here we use the d'%/d® effect to tune magnetic interactions in the hexagonal perovskite
Ba,CuTe, W O,, where Cu** (S ='%) cations form a spin ladder. We show that W¢* (d°) is almost
exclusively doped into the ladder [3], which allows for the direct tuning of interactions from spin
ladder to a spin chain for the first time. Muon spectroscopy reveals the suppression of magnetic
order and a potential disorder-induced spin liquid state.
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Figure: (a) The spin ladder in Ba,CuTe, W O, is formed by the Cu** (S = 1/2) cations. Of the two Te-sites,
W is almost exclusively doped onto the corner-sharing B”(c) site allowing the direct tuning of interactions in
the spin ladder. (b) Muon spectroscopy reveals the parent phase x = 0 is magnetically ordered, while the x =
0.05 sample behaves like a spin liquid.
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The recently discovered semiconductors with the general formula Mn,, Sb, , .Te, (MST), where
x varies from —0.1 to 0.15, are promising candidates for topological ferromagnetic insulators
with a high 7. ranging from 27 to 45 K [1-3].

The MST system is very compositionally flexible because the ionic radii of Mn?* (0.83 A)
and Sb* (0.90 A) are quite similar, which helps to create strong intermixing up to several tens %
between the manganese and antimony atoms in the crystal structures of the compounds. Thus, it
is possible to vary both the content of manganese in the composition of the compound and in the
crystallographic positions, which leads to a change in the physical properties.

In our experiments X varies in a broad range from —0.1 to 1.7. Up to x = 0.8, the compounds
crystallize in the GeAs, Te, structure type (sp. gr. Rm1) with a layered structure, in which the sep-
tuple layers are stacked in a trigonal lattice and connected by weak van der Waals interactions.
At x larger than 0.8, the van der Waals gap is gradually filled, and the lattice subsequently trans-
forms in a more close-packed structure with an F-centered cubic symmetry. As we can see from
the single-crystal X-ray diffraction data, the crystals with the formula Mn, g, Sb, ;, Te, (sp. gr.
Rm1,a=4.1955(1) A, c = 41.5366(2) A) have a partially occupied van der Waals gap by 17% of
antimony atoms. The crystals with the maximum value of x have the formula Mn, .,Sb, ,, Te, and
an F-centered cubic lattice (sp. gr. Fdm, a = 11.9147(6) A) with all cationic sites occupied. The
crystal structure of the cubic phase is derived from the cubic spinel structure type AB,X,, where
the B site (16d) is fully occupied by the Mn atoms, the X site (32¢) is occupied by Te, and the
position with intermixing by antimony and manganese atoms (16¢) has a lower symmetry than
the A site (8a) in the spinel structure type. The difference is that in the spinel crystal structure, the
A cation is tetrahedrally coordinated, while in our structure a site with intermixing is octahedral-
ly coordinated by the Te atoms.

In this series of MST compounds, we observe that increasing x leads to the changes in the
magnetic properties of compounds from ferri- to ferromagnetic and 7. varies from 32 to 73 K.
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We have synthesized a whole novel structural branch of mixed-valent, layered barium tungsten
monophosphate bronzes (so-called L-MPTB*) with the general formula [Ba(PO,),][W, O,, ;] (m
=3 (W3), 4 (W), and 5 (W*")). The structures are build from spacer-layers [Ba(PO,),]*
and separating ReO,-like cationic layers of variable thickness (Fig. 1). The spacers guarantee
a “genuine” 2D-behavior, and enforce an overall trigonal structure preserved down to 1.8 K for
the whole series. The L-MPTB* display some analogies but also major differences in compar-
ison to the long.known MPTBs. From a structural point of view, our L-MPTB* correspond to
the scission of the well-known hexagonal tungsten phosphate bronzes (MPTB, ’s) into the trigo-
nal-oxide layers (Fig. 1). The L-MPTB* show steady 2D-metallic behavior and no anomaly in
their heat capacity/thermopower down to 1.8 K. This is in contrast with the other tungsten bronz-
es of the literature [1] which systematically develop Charge Density Wave (CDW) instabilities
with significant W-shifts or low-T superconductivity (Fig. 1). However, they hold the whole set
of ingredients to develop CDW in terms of their tungsten valence and 2D-Fermi surfaces (Fig. 1)
thus prompting for hidden nesting. This novel structural family with “locked CDW” opens wide
perspectives in the field of correlated metals.
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Strontium copper borate, SrCu,(BO,),, is a two-dimensional magnetic material with a layered
structure of sheets composed of triangular BO, and CuO, square planar groups separated by Sr**
ions [1]. This compound has been the subject of research due to its enhanced quantum proper-
ties such as the presence of a spin gap and frustrated magnetism. The first is of purely quantum
origin, while the latter is a consequence of antiferromagnetic Cu?* (S = ') spin dimers arranged
orthogonally on a square lattice [2]. Theoretical predictions have predicted a quantum spin lig-
uid state for B-site isovalent doping with nonmagnetic ions, i.e., magnetic dilution. Substitution
with Mg?* would break the spin dimers, and consequently long-range correlations could form
between the dimer-free Cu®* magnetic centres, possibly leading to quantum entanglement. The
experimental realisation of B-site doping of this compound has been little explored and there is
limited data available [3].

With the aim of experimentally verifying the predicted exotic quantum states, the effects of
Mg-doping on the magnetism of SrCu,(BO,), were re-examined in this study. Here, a series of
Mg-concentrations (3, 5, 10 mol%) was investigated, which includes a higher concentration of
Mg-doping than previously reported (3 and 5 mol%?®). Polycrystalline Mg-doped SrCu,(BO,),
was obtained by an optimised solid-state synthesis [4]. This resulted in partial susbstitution of
Cu?" by Mg?* as determined from high-resolution powder X-ray diffraction and energy-dispersive
spectroscopy analysis. Both magnetic susceptibility and electron paramagnetic resonance spec-
troscopy measurements performed on these samples showed systematic changes, i.e., a decrease
in spin gap and Weiss constant with an increasing Mg concentration. This indicates a successful
partial breaking of Cu*" spin dimers of SrCu,(BO,),.

Currently, growth of Mg-doped SrCu,(BO,), single crystals is underway. The crystals will
be used for high-field magnetic susceptibility and high-field EPR spectroscopy measurements.
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Topological materials are in the focus of solid-state research within the last few decades owing
to offering multiple practically important properties like large magnetoresistance, ultra-high
charge carrier mobility of Dirac and Weyl fermions as well as the possibility to use long-pe-
riod non-collinear spin textures (skyrmions) in next-generation memory storage devices. The
ZrSiS-type (P4/nmm) group of materials LnSb Te, ,(Ln — lanthanide) is of particular interest
due to a unique combination of non-trivial band topology in reciprocal space and signatures of
topological magnetic states (antiferromagnetic skyrmions) in direct space [1]. Whereas topolog-
ical features of electronic structure in this family were studied in detail, little was known about
microscopic magnetism. We present a systematic neutron diffraction study of stoichiometric
LnSbTe (1:1:1) materials and the TbSb Te, , solid solution series.

A set of commensurate propagation vectors (k, = (/2 00), k,= (20 %), k;, = (4~ 0 %) and k,
= (0 0 %)) or their incommensurate counterparts can describe magnetic scattering in the studied
material. This might indicate similarities in Fermi surface nesting instabilities across this series.
The coexistence of several magnetically ordered phases corresponding to different propagation
vectors was observed in TbSbTe (k, and k,), HoSbTe (k, and k,), and DySbTe (k, and k). In the
case of TbSbTe, magnetic symmetry arguments hint at multi-k magnetic structures based on £,
and k, already in zero-field [2], which is a necessary prerequisite for forming long-period spin
textures like skyrmions. Te-doped TbSbTe, i.e., TbSb Te, ; solid solutions adopt a distorted ort-
horhombic variant of the initially tetragonal structure with charge density wave (CDW) super-
structure. This CDW templates magnetically ordered state with | k.o, | =2 - | K en | -

The results of microscopic studies of magnetic structures, together with their relation to the
topological electronic structure will be discussed and presented in the contribution.
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Micro-optical elements are increasingly considered in free space optical systems providing an
optical interconnection between very large scale integrated electronic chips, between modules
containing chips and in “stacked planar optics” [1].

The present work is focused on the microstructure formation (microlenses, microcraters)
on the surface of stoichiometric and non-stoichiometric Ge-As-S bulk glasses. The extremely
high-resolution capability and high transmission in VIS and IR regions of the spectrum enable
the chalcogenide glasses to be applied for the production of diffractive optical elements as grat-
ings, lenses, filters, beam couplers and/or beam combiners, operating in the broad spectral region
[2].

The glassy bulks were prepared by direct synthesis from elements (5N purity). The prepared
samples were polished to the optical quality (RMS < 5nm) and were illuminated in the air using
focused continuous-wave lasers operating at the different wavelengths. From the dependence
of formed microstructure height on the logarithm of radiation intensity which hit the surface,
the threshold value of microstructure elements formation was determined. For the comparison,
in-situ microstructure formation was studied by the modified thermomechanical analyzer which
allows the action of force and illumination in the same direction on the same place of the sample.

The role of several parameters (chemical composition, exposition conditions) on the micro-
structure formation was investigated. The created microstructures and non-illuminated areas
were characterized by several techniques (Raman and Force spectroscopies, EDS, DHM) in
order to find the potential differences in properties between them.

microlens microcrater
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We observed a rare “fieezing of magnetic domains” phenomenon in the BaFe,(PO,), compound.
This S =2 Honeycomb lattice (J = 15K), was early described by our group as “genuine” 2D-Ising
FM materials below Tc~70K, after extraction of the pertinent critical exponents [1,2]. This state-
ment involves soft-magnetism with the only possible ¥,T spin-degeneracy and FM-ordering
hold by individual layers, i.e. independent on the BFPO thickness. We observed the opening
of large hysteresis below T, ~ 15K with Hc>14T @2K, much larger than in the LuFe,O, case
with similar phenomenology [3]. Narrow domain walls ~13A thick (i.e. 5-6 Fe-Fe contacts)
were deduced from the huge anisotropy (K/K, = = 2.84 K./A? ) calculated from INS spectra
and M(H) curves. After modification of our crystal growth conditions leading to thin plate-like
crystals, MFM images evidenced a labyrinthic domain structure. It is fully-preserved until very
high magnetic field below T,, see Fig. 1a,b. The energy scales of the exchanges, domain walls,
and pinning centers, create a complex context, to be diecussed on the basis of the y-dynamic,
INS and M(H) measurements. The offered potentialities are wide, due to the occurrence of large
magneto-electric effects at T,. For the first time, the demonstrated ability to imprint any magneti-
zation between —Ms and +Ms around T, not returnable up to 9T at 2K (see Fig. 1¢,d), also gives
a unique oddity of prime importance for multiple-states magnetic memory technologies.
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Figure 1: a-b) Freezing of magn. domain on BFPO single crystal at H=0 and 6T. ¢) Imprinting any
magnetization M (coloured points) @10 K (open M(H) loop) and d) Locking of M (-9 to 9T) @2 K.
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Tellurite glasses exhibiting high refractive index values, low phonon energy and their easy fab-
rication are attractive materials in fibre optics and photonics [1]. In the present work, we have
synthesized selected Er*'doped glasses of the TeO,ZnOLa,O, (TZL) family and studied their
basic physico-chemical properties with emphasis on their Stokes and antiStokes (upconversion)
photoluminescence (PL) dynamics. The glasses were synthesized by the melt-quenching method
at 900 °C and were basically characterized in terms of their chemical composition (EDX micro-
analysis), volumetric density (Archimedes method, p = 5.40-5.61 g cm™), glass transition tem-
perature 7, (DSC calorimetry, 7, = 360-420 °C), structure (Raman scattering, XRD analysis),
refractive index n (spectroscopic ellipsometry n = 1.96—1.99 at A = 1550 nm) and intra4f elec-
tronic transitions via UVVisNIR spectroscopy. Furthermore, steadystate and timeresolved PL
emission spectroscopy at pumping wavelength of ®977 nm have been used to study overall PL
dynamics.

It has been found that the substitution of La,O, (<10 mol.%) for ZnO in TZL glasses results
in increase of glass density, molar volume and glass transition temperature as well as increase in
the concentration of [TeO,] and [TeO,, ] units at the expense of [TeO,] units. All studied glasses
exhibit intense Stokes Er**: *1,, , — *I,,, (A = 1.56 um) as well as upconversion Er*": 2H, ,/*S,, —
s, (A= 520-550 nm), *F,,, — “I,, (A = 670 nm) and */,, — *I,5, (A = 800 nm) photolumines-
cence emission. In contrast to TeO,ZnO glasses, the addition of La,O, resulting in TZL glasses
suppresses the PL concentration quenching which is addressed to the increase in the interionic
distance between Er** ions in TZL matrix.

The studied TZL glasses seem to be promising host materials for rareearth ions with poten-
tial in optical applications.
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The design and optimization of thermoelectric (TE) materials rely on the intricate balance
between thermopower (S), electrical resistivity (p) and thermal conductivity (K). Perfecting such
a balance is the key to reach high TE performances - determined by the dimensionless figure of
merit ZT = S?T/pK - necessary to improve energy recovery systems and thermoelectric cooling
devices. [1] Among the most promising TE materials at medium temperature, complex cop-
per-based sulphides are of double interests as they are usually made of eco-friendly and low
cost elements [2] and exhibit intrinsically low thermal conductivity. [3] However, the use of
copper-based sulphides in TE devices is limited by the lower TE performances of the n-type
materials compared to those of the p-type. [4]. Hence, it appears necessary to develop more
performant n-type sulphide materials.

In this context, we have synthesized and studied the structural and physical properties of
two phases in the Cr-Sn-S ternary system: Cr,Sn,S, and Cr,SnS,. The former is characterised by
a semi-ordered crystal structure and a n-type semiconductor behaviour, and the latter is char-
acterised by a complex crystal structure (Fig. 1) and a p-type semiconductor behaviour. The
intrinsic structural complexity of these materials leads to very low thermal conductivities, which
are promising features to develop new performant thermoelectric materials.

In this presentation, I will (i) present results obtained from X-ray diffraction, scanning and
transmission electron microscopies, magnetic measurements, spectroscopy techniques and trans-
port measurements and (ii) discuss on the relationships between chemical compositions, crystal
structures and properties (TE and magnetic) of Cr,Sn,S, and Cr,SnS,.

Figure 1: Electron diffraction pattern
(incidence beam parallel to [101]) of
Cr,SnS, revealing its complex crystal
structure highlighted by diffuse scattering.
Analysis based on the fundamental
hexagonal cell (a = 21.332A, ¢ = 3.466 A).
Figure 2: Magnetic measurement of the
L Cr,Sn,S, highlighting its antiferromagnetic
~w w e w = behavior and the presence of the
Tepesmsers 0 ferrimagnetic impurities Cr,SnS,. [4]
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Optical materials doped with rare earth (RE) ions still represent great potential for photonics
applications, especially in the design of light-emitting materials and optical amplifiers. Despite
the continuous increase in transfer capacities in the current telecommunications bands, it is
clear that new bands are to be involved. The first alternative to the most widely used C-band
(1.53-1.565 pum) was initially the extension to the L-band (1.565-1.62 um). However, even this
extension does not represent a long-term sustainable solution. One of the suggested options is to
use an additional optical band located at the 2 um, which could use materials doped with Ho** or
Tm?" ions for the design of optical amplifiers to compensate optical losses. While erbium-doped
fibre amplifiers can thus operate effectively in the C and L transmission bands, no similarly
capable alternative is currently available for the intended optical band at 2 um. Although the
tested holmium-doped fibre amplifiers exhibit high conversion efficiency and low optical losses
compared to, for example, Tm-doped materials, a suitable pumping scheme using commercially
available pumping lasers is still not available.

This work presents a thorough investigation of the effect of simultaneous doping of host
TeO,-Zn0-La,0,: 0.5 mol.% Ho,O, glasses by various RE* ions, such as Yb*', Er**, Nd*', Tm*
Sm?*, Dy** and their combinations on photoluminescent properties under 800 nm and 980 nm
excitation. The experimental results thus allow a comprehensive study of the excitation mech-
anism for Ho*" ions in tellurite glasses with respect to observed photoluminescence and pho-
ton upconversion from the visible to the mid-infrared region of the spectrum. Targeted 2.0 pm
photoluminescence emission (A . = 980 nm) was observed for all Ho**/RE and Ho*'/RE,/RE,
doped glasses, except for Ho*/Sm?* glasses. The highest intensity under 980 nm excitation was
observed for samples containing Yb*" ions.
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Crystalline and amorphous coordination polymers (CPs) have applications in gas adsorption
and separation, catalysis and drug delivery to name some. The direct synthesis of amorphous
CPs is often encountered with difficulty. Amorphous CPs in general can be used to construct
glasses. Additionally, the CPs with multiple phases capable of undergoing cyclic phase change
can be potentially used in phase-change random access memory (PCRAM). Au(I)-thiolate CPs
can be obtained easily both as amorphous and crystalline materials. Here we show the resource-
fulness of Au(I)-thiolate CPs in the formation of glasses and as phase-changing materials. The
examples presented here show the diverse applications of these CPs. A series of Au(I)-thiolate
CPs [Au(S(CH,) Ph)] (X =0, 1 or 2) are shown to form glasses by mechanical pressing at
room temperature of the as-synthesised
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Properties of metallic glasses (MGs), as of any other glass-forming liquids, are affected and
controlled by the liquid thermal history. For MGs, the conventional heating/cooling rates <10!
K s! give access to a narrow range of energy states, thus limiting MGs properties. We will
demonstrate and discuss the underlying mechanism of how the properties of the same glass can
be tuned by extending the heating/cooling rates (Figure). For example, faster cooling combined
with higher quenching temperatures can give so-called chemically-homogeneous glasses [1]
with greatly enhanced resistance to crystallization contrary to conventionally-made glasses. For
such glasses, e.g., the crystallization kinetics on heating does not anymore depend on the liquid
thermal history. Alternatively, upon ultrafast heating, metastable phases, otherwise unstable at
room temperature, beneficial to the glass plasticity can be formed. The enhanced thermal sta-
bility of the supercooled liquid promises practical engineering applications of MGs such as in
thermoplastic forming, additive manufacturing or welding.

1000, 2u8nChing condions for making Figure: Quenching map highlighting different processing
conditions under which various glasses can be made.
HG Different quenching and equilibrating regions are defined.
900

The region of 7, (quenching temperature) > 7, (critical
temperature) corresponds to the homogenization of the

:‘f; 80 PRI 1o .ot oce metallic melt. The preparation of a homogeneous glass (HG)
(it T is thus enabled by using a high cooling rate ¢_>2000 K s'.
0t seq Inhomogeneous glass (IG) prepared at high ¢, > 4000 K s!
—— Tiq maintains its inhomogeneous structure devoid of nuclei (IG
600 . without nuclei), while a glass quenched at low ¢c¢ contains
w w 10 nuclei (IG with nuclei). For low ¢, < 1100 K s or at 7, < T,
il a semi-crystalline glass (SCG) forms [2].
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The Ba,LnFe,O, , family of compounds are oxygen-deficient perovskites the structures of which
can be described as ordered arrays of corner-linked LnO, octahedra and FeO, tetrahedra on the
perovskite B-sites. [1,2] Reports of magnetic properties of these compounds have been mixed.
The initial study of Ba,YFe,O, ;found no evidence for long-range magnetic order down to 5 K;
however, subsequent studies found they do show low-temperature magnetic order. [1,2] The
Ba,LnFe,O, , family therefore present a good opportunity to study complex magnetic interac-
tions between magnetic Ln*" 4f and Fe** 3d cations. We made the Y and Dy compositions with
this structure and observed long-range antiferromagnetic order at T, = 6 and 14 K respectively.
The Dy composition also shows evidence for metamagnetism with field-dependant hysteresis
below T,. 4b initio density functional theory (DFT) calculations comparing the energies of dif-
ferent magnetic structures support our experimental data.

Additionally, at high temperatures (above 500 K) we found that these materials undergo
multiple redox-associated phase transitions and show high mixed ionic-electronic conductivity.
We used variable temperature in situ synchrotron X-ray diffraction to investigate the phase tran-
sitions. At approximately 500-600 K (depending on the Ln*" cation), Ba,LnFe,O, ; compounds
undergo first-order phase transitions to an orthorhombic phase. The phase transition is correlated
with an uptake of oxide ions into lattice vacancies accompanied by the partial redox of Fe** to
Fe**. Impedance spectroscopy measurements show that these phases also have high total conduc-
tivities (>102S.cm ™ at 773 K), making them very promising as mixed oxide-ionic and electronic
conductors.
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A simple and cost-effective screen-printing route assisted by molten salts has been developed to
produce luminescent ZnAl,O,: Nd, Ce sub- micron films over poly and monocrystalline alumina
substrates. The films are uniform and dense, and the use of sapphire substrate opens up new
possibilities in optoelectronic and photonic devices due to their optical transparency in a wide
wavelength range.

An adequate compositional engineering strategy as well as the Ce content play fundamental
role in the fabrication of homogeneous ZnAl,O,-based films with the high optical performance.
It has been demonstrated that the incorporation of Cerium together with Neodymium promotes
NIR emission of the material'l. In-depth analysis were done by XPS and XANES spectroscopy
to quantify the Ce*"/Ce*".The NIR luminescence under
357 nm is achieved by the incorporation of Cerium and
its stabilization as Ce*".

The controlling of the crystallinity of the phase
structure of the films is a mandatory requirement for
a high- efficiency films. Certain texture was achieved
over polycrystalline substrates, however predominant
(hkO)-textured films were obtained over sapphire sub-
strates. The preferential orientations degree has a role in
the final luminescence response.

We believe that the proposed methodology to
design ZnAl,O,-based films makes a crucial contribution
to develop the efficient NIR emitters and may be applied
to other aluminate-based systems.
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Transition metal oxypnictides are known to exhibit a range of exotic phenomena. For exam-
ple, high temperature superconductivity in LnFeAsO, F [1] and colossal magnetoresistance in
LnMnAsO, F [2] (Ln = Nd, Pr) where the resistivity reduces by 95% at4 K ina 7T field . We
have been investigating CeMnAsO, F _(x = 0 — 0.075) and here we show how the electronic
properties change with F~ doping. CeMnAsO is a Mott insulator. Upon electron doping via sub-
stitution of O* with F~ an unusual insulator — insulator transition is observed for x > 0.035. The
resistivity increases by more than two orders of magnitude over a 2 K temperature range and
the transition temperature can be tuned by increasing x. Variable temperature synchrotron and
neutron diffraction studies confirm that there is no change in the crystal or magnetic structure
at the insulator-insulator transition. Results from AC transport and Hall measurements suggest
this transition could be the first observation of many body localisation (MBL) in the solid state.
The most significant characteristic of MBL systems is that below a transition temperature (T, )
they become perfect insulators, exhibiting zero electronic conductivity [3]. The MBL phase also
acts as a quantum memory and can be used to protect quantum memory allowing the tantalising
possibility of performing topological quantum computation at finite temperatures.
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Systems with partially filled valence electrons may suffer electronic and structural changes due
to instabilities, for instance the Peierls transition (cation dimerization) in VO, accompanied by
a metal-insulator transition (MIT). In here, MnVO,-I in its ilmenite polyform will be presented
with such instabilities.

MnVO,-I was reported long time ago by Syono et al. [1] However, the triclinic symmetry
(P-1) precluded the authors for a proper structural determination. We have prepared MnVO,-I
via high-pressure high-temperature synthesis at 4 GPa and 1100 °C with a Walker-type multi
anvil apparatus. The crystal structure was solved from an isolated small single crystal. At 300
K, MnVO,-I possess P-/ symmetry with a =5.01770(2) A, b=5.05130(1) A, ¢ =5.52100(2) A,
a=116.6793(3)°, B = 90.0439(2)° and y = 118.9243(3)° unit cell parameters. The polymorph
represents a distorted version of the ilmenite-type structure with alternating Mn-V honeycomb-
layers, Fig. 1a, similar to the recently reported MgVO, and CoVO,. [2,3]

The triclinic distortion in MnVO,-I arises from V-V dimerization with a short bond of 2.85
A as shown in Figure 1a. It also shows an AFM transition at 7, = 58 K with a Curie-Weiss behav-
iour above 70 K and presents a |0,| = 236(1) K and a p = 5.8(1) p,. The latter is close to the
theoretical value of 6.16 p,, for V¥ and Mn?*, assuming the spin contribution only. This suggests
that although the vanadium atoms are involved in a cation dimerization they also contribute to
the magnetic behaviour, contrary to what observed in CoVO,.

I will also present our results on the structural evolution at high-temperature along with the
MIT transition and the low-temperature magnetic structure with respective refined moments of
3.7(1) py and 0.45(1) p, for Mn and V at 1.5 K.

MnVO;-1, 4 GPa, 1150 °C, P-/

Intensity (3. units)
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Figure: Lab X-ray CuKa diffraction and distorted MnVO,-I structure, P-1, the dimerization in the Vanadium
honeycomb layer is shown.
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CP-based fluorescence sensors in particular have advanced dramatically owing to their poten-
tial significance in environmental and biological systems. Currently, the vast majority of CPs
employed for the detection of hazardous anions and small organic solvents induce fluorescence
quenching and are effective for volatile organic compounds. Volatile organic compounds are
a diverse class of substances that are found in both commercial and residential settings. Effec-
tive identification of these chemical species in the vapor phase is crucial due to their prevalence
and potential health hazards. Volatile organic compounds exposure can be caused by a range of
substances, including solvents, lubricants, fuels, plasticizers, and others. Because of its quick
response, high sensitivity, high accuracy, and reusability, as well as the impressive tunabili-
ty built into CPs. Additionally, they also require less complicated instrumentation and sample
preparation. In this work we present the application of functional coordination polymers towards
luminescent sensing of hazardous ions like cations, anions and volatile organic molecules that
have huge impact on environment.

Sensing of
anions
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The role of lithium (ion and metal) based batteries in energy storage is unprecedent thanks to
electrode structure-property understanding. This has not only helped in achieving the desired
performance (capacity, power, electro-chemical stability) but has also been useful in controlling
the long-term degradation issues. Beyond anode and cathodes, new Li-ion conductors need to
be designed for artificial interface or solid electrolytes. Due to sparse reports of electronically
insulating Li rich materials containing Group V d° metal oxides, we have decided to explore the
Li-M-O phase diagrams (M being Ta and Nb).

By drastically increasing the Li content in precursor stoichiometry, we have successfully
synthesised new phases by a solid-state route. In order to identify the structures of these new
phases and owing to the low X-ray scattering cross section of Li compared to Ta/Nb, we com-
bined synchrotron X-ray diffraction (SXRD) and neutron diffraction (ND) revealing a layered
structure with a complex superstructure. To get a full structural pictures, local M-O distances
and symmetries were assessed by Ta and Nb K edge extended X-ray absorption fine structure
(EXAFS) analysis combined to solid state nuclear magnetic resonance (ssNMR) spectroscopy.
Symmetric MO, featuring M-O distances in the range of reported values were found and these
results were used as feedback into the combined SXRD and ND analysis, validating the identi-
fied crystal structure. In the presentation we will talk in detail about the synthesis and structural
characterisation of newly identified Li rich phases.
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Merocyanines are promising prototypical molecules for applications in optoelectronic devices,
including organic solar cells, OLEDs, and OFETs. We performed a combined experimental and
theoretical study to investigate the adsorption of HB238 merocyanine on the surface of Ag (100).
STM and SPA-LEED experiments suggested that HB238 self-organizes as chiral tetramers upon
adsorption. It is critical to control the structure and morphology of merocyanine films in order to
enhance their light absorption and optimize their optoelectronic properties. Therefore, quantum
chemical calculations were performed to corroborate these experimental findings.

Initially, we screened the conformations of HB238 and used the most stable structure to
determine the optimal adsorption orientation of HB238 on the Ag surface using the semi-em-
pirical method GFN1-XTB implemented in DFTB+. Next, we optimized the single-molecule
and monolayer adsorption on the surface of Ag(100) at the PBE/D3 level to analyze the assem-
bly of chiral tetramers while maintaining the supercell lattice constant values, as in the exper-
iment. HB238 preferentially adheres face-on to the Ag surface with S atoms on top of Ag and
over bridge positions. It was confirmed that a monolayer corresponding to the experimentally
observed a phase is stabilized with respect to the single molecule. Furthermore, we calculated
the electronic structure at the PBE/D3+U level and compared our results to experimental UPS
and STM images. The theoretical results support the experimental findings. Further modeling of
merocyanines as efficient absorbers for organic solar cells is in progress.
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Sodium manganese oxides have garnered extensive interest as both battery cathodes and frustrat-
ed magnetic materials. [1] The former relates to their ability to intercalate/deintercalate interlay-
er Na and/or Li-cations, the latter focuses on the [MnO,]* octahedral layers possessing frustrated
antiferromagnetic triangular connectivity of the magnetic cations.

Despite their interesting properties, little work has been done to understand structural differ-
ences between Na-deficient phases (Na MnO,). XRPD phase identification is non-trivial owed to
synthetic Na-volatility resulting in site defects alongside Na-cation disorder, stacking faults and
phase intergrowths. For example, resultant peak broadening yields ambiguity between compar-
ative phases Na, ,.,,MnO,, Na,.MnO, and related Na,Mn,O, which can be comparatively written
as (Na, ,,MnO, ,,) (Fig. 1). Further complexity arises from phase hydration in air, yielding Bir-
nessite-like phases.

Na,, exist as Cmcm with octahedral
Na-sites, stacked between [MnO,] octahedral 1
layers with AAAA stacking, whilst Na, ., has - Na,Mn,0, (Na, ;;MnO,)
P6,/mmc symmetry, trigonal prismatic Na-cat- . IS N | T N
ions possessing ABAB stacking, where [MnO,]
interlayer octahedra form the delafossite mag-
netic structure. Na,Mn,O, however has a maple-
leaf magnetic structure built from interlayer
octahedral [MnO,] units. Between [MnO,] lay-
ers exist Na-layers with both trigonal prismat- 1 Na ;sMnO,
ic and distorted octahedral Na-sites producing L l
an ABAB stacking, existing as P. Due to the . : . : s

4 Na,;MnO,
1 Lol | jE

Arbitrary Intensity

importance of these sodium deficient phases 20 40 ©

as cathode materials, clarity surrounding syn- 20

thetically realised targets is required. This work

seeks to elucidate the structural and magnetic Fig. 1: Comparitive calculated XRPD patterns
significance of varying Na-content and deter- of Na,Mn,0,, Na, MnO, and Na, ,, MnO,,
mine the role of hydration in these materials. highlighting similarity in calculated patterns.
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The success of graphene opened a door for a new class of semiconducting 2D transition metal
dichalcogenide materials (TMDs) displaying unique properties [1]. ALD MoS,, as TMDs bench-
mark, has been widely studied for several applications. In parallel, 2D selenide and telluride ana-
logues, i.e. MoSe, and MoTe,, have also attracted important interest due to intriguing properties,
such as a higher electrical conductivity than MoS, among others [2,3].

Recently, we have demonstrated the ALD synthesis of both 2D MoSe, [4-7] and 2D MoTe,
[8] (using an in-house synthesized precursors), as well as their outstanding performances in dif-
ferent applications. XPS turned a key tool to provide detailed chemical composition analysis of
as-deposited 2D Mo TMDs family on different nature substrates. Besides, the post-performance
XPS characterization was appealing since the applications of the aforementioned 2D materials
involved chemical and/or electronic processes on the surface and allowed to identify potential
chemical composition changes and physicochemical photo-electro stability of the 2D TMDs.

This presentation will thus focus on the XPS as key tool for assessment of chemical com-
position of both as-deposited and post-performance 2D Mo TMDs family, recent experimental
results as well as the description of some inherent drawbacks that XPS must face during the
analysis of the 2D materials.
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We investigate whether the charge density can be refined for compounds with heavy atoms using
3D electron diffraction (3D ED), which is an increasingly popular technique for structural anal-
ysis of nanocrystals [1]. Charge transfer due to bonding can lead to non-modelled residues in
electron density maps [2]. Knowledge of the charge transfer may also be important for under-
standing the investigated material. For compounds with heavy atoms, the small ratio of valence/
core electrons contributing to the electron density necessitates an extreme precision in diffraction
data to refine the valence electron contributions to the density. Since electron scattering is more
sensitive to fine details in the electron density distribution compared to X-ray scattering [3], we
seek to explore whether 3D ED data can be used for charge density analysis of heavy atoms.
We use a spherical atom kappa formalism [4] where atomic contributions to the charge density
remain spherical, but the population of the valence shell is refined while allowing it to expand or
contract as a result of changes in electron-electron repulsion.

We present results from a number of inorganic compounds, including CsPbBr;, Lu,AlLO,,,
Si0,, Na,AlSi,0,,-2H,0 and B H,,. All refinements were performed in Jana2020 [5]. There is
reduced noise in potential difference maps and refined valence shell populations are visible on
static deformation maps (Fig. 1). The experimentally refined charge flows agree with chemical
predictions based on electronegativity, and there are improvements in the displacement parame-
ters and R-factors. The results were compared with DFT calculations.

Figure 1: Electrostatic potential
difference Fourier maps at the
same isosurface level before
(left) and after (middle) kappa
refinement on CsPbBr,. On the
right, static deformation map
after kappa refinement on the
PbBr, octahedra. Accumulation
of charge on the Br atoms
(yellow) and the depletion of
charge on Pb (blue) is seen.
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Nanoscale Infrared spectroscopy [1] has been successfully demonstrated in an expanding range
of applications in recent years due to significant increases in capability. One method of nanoscale
infrared spectroscopy, atomic force microscope based infrared spectroscopy (AFM-IR) uses the
tip of an AFM as a nanoscale detector of the expansion caused by absorption of IR radiation.

AFM-IR can be used to obtain IR absorption spectra and chemical imaging with resolu-
tion as fine as the AFM tip radius, >100X smaller than spatial resolution limits of conventional
infrared spectroscopy. The photothermal AFM-IR technique has demonstrated improvements
in sensitivity, down to the scale of single monolayers, and speed with spectral acquisition times
dropping by an order of magnitude.

This presentation will describe the underlying technology and complementary techniques
for nano-mechanical/nano-electrical and nano-thermal analysis. Additionally, we will also high-
light numerous applications of nanoscale spectroscopy and chemical imaging in physics, materi-
als and life sciences. Applications include nanoscale chemical analysis of polymers, composites,
semiconductors, biological cells, proteins, tissue, and other areas.
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The CeScSi-type structure observed for the intermetallics RETX (RE = rare-earth, T = Sc or Ti,
X = Si or Ge) is an ordered variant of the La,Sb-type that exhibits [RE,] tetrahedral and [T ,RE,]
octahedral interstitial sites. These sites can be filled by light elements such as hydrogen, carbon
or oxygen leading to modification of the physical properties.

In the first part of this presentation, we will show the effect on magnetic properties of the
filling of these interstitial sites by hydrogen, carbon and oxygen. The first example concerns
the insertion of C and/or H into the antiferromagnetic CeScSi parent phase [1]. The different
magnetic structures were determined by neutron diffraction. Very recently, we also succeeded to
insert oxygen into these intermetallic phases without decomposing them into binary or ternary
oxides. The preliminary results on the structural and magnetic properties of the new phases
REScSiO, will be presented.

The second part of this communication will be devoted to the use of the CeScSi-type RETX
intermetallics as Ru-supported catalysts for ammonia synthesis in the Haber-Bosch process
(N, + 3H, — 2NH,). Their electride character, firstly evidenced by Hosono group in 2017 plays
an important role for the dissociation of N, [2]. We have investigated the influence of the rare-
earth (RE) element in Ru/REScSi catalysts under mild conditions (300-450 °C; 1-5 bar) [3]. Ru/
CeScSi shows remarkable catalytic activity under moderate condition associated with its revers-
ible hydrogen storage—release properties. The hydrogen desorption temperature seems to play
arole as well in the catalytic activities at low temperature (300 °C). It suggests that the electride
character and thus the electron donor effect can be tuned through partial hydrogenation of the
REScSi materials. DFT calculations, thermodynamic and kinetic studies of hydrogen sorption
are under way to answer these questions.
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The particle diameter required for particles produced by milling has been decreasing year by
year, and recently there has been a growing demand to realize the production of nanoparticles.
In this situation, the wet ball mill, which has the smallest achievable particle diameter among the
many milling methods, is expected to be used to produce nanoparticles. However, the production
of nanoparticles is currently difficult even with wet ball milling. This is because of the “grinding
limit,” where particle diameter reduction stops at about 1.0 um, and “re-aggregation,” where the
particle diameter increases even if the grinding time is extended. The mechanisms of these two
phenomena have not yet been clarified. This is due to the fact that experimental analysis of the
behaviour of ground particles in a wet ball mill is difficult. On the other hand, numerical simula-
tion is an effective method for analysing phenomena that are difficult to analyse experimentally.

In this study, the behaviour of ground particles in a wet ball mill is represented by numerical
simulation, and the mechanism of the grinding limit and re-aggregation observed during wet ball
milling are analysed.

The ground particles during wet ball milling are mainly captured between the media balls.
Therefore, in this simulation, the behaviour of ground particles in a slurry of suspended ground
particles is represented by the approach and collision of two media balls. The Discrete Element
Method (DEM) and the Finite Difference Method (FDM) are used for the particle motion and
fluid motion, respectively, while the DEM-CFD coupling model [1] is used for the particle-fluid
interaction and the ball-fluid interaction is described by the volume force type embedded bound-
ary method [2] for the ball-fluid interaction and the volume force type immersed boundary meth-
od [3], respectively. The media ball is treated as a wall boundary moving along a fixed trajectory.

When the media balls collide with the slurry in a completely dispersed state, the ground par-
ticles form aggregates. The aggregates grow even more when the media balls repeatedly collide
with each other, even under conditions of relatively strong electrostatic repulsion. This aggrega-
tion behaviour is attributed to the fact that the van der Waals force becomes dominant due to the
reduction of the distance between the compressed particles caused by the collision of the media
balls. In other words, the grinding limit is reached when the collision of the media balls begins to
contribute to the progression of aggregation, and then re-aggregation occurs when the collision
acts on the growth of the aggregates.
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Solid-state composites allow for a property driven combination of components that can add their
properties to a multifunctional material. Thereby, an arrangement of several chemical compo-
nents can be utilized to combine very different chemical and physical properties into one mate-
rial that cannot easily be found for homogenous matter. An interdependence of the constituents
and thus of their properties can be achieved, resulting in beneficial synergistic arrangements.

Novel lumino magnetic materials are achieved as multifunctional supraparticular systems
by combinations of hard and soft magnetic materials, such as a-Fe and Fe,O, together with, e.g.
luminescent MOFs [1,2]. Different from these composites, a combination of luminescence and
strong magnetism is typically not observed for a single homogenous phase with one electronic
system. The interaction of the electronic systems of the components of a composite proofs vital
for the property combination, and its control allows for combination of both, luminescence and
magnetism [3!. By combination of optical components with high light reflection, refraction as
well as white light emission with strong magnetic materials, a microscopically white magnet
was achieved that is white by all optical means [4], showing how far this concept can be driven.
The novel composites are highly useful for chemical and physical sensing by applying external
chemical or physical stimuli[5]. The read-out is based on the stimuli dependent change of the
optical properties. Combination with strong magnetism allows for harvesting options and thus
retrieving the sensor particles. This also beneficially influences the overall impact of the new
sensors resulting in a strong sensitivity increase even for low sensor amounts. An expansion to
novel shear stress sensors allows for the detection of shear stress via such an optical property
change by a stress/time dependent optical signal [6].
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Multiferroic materials continue to attract extensive attention within the literature due to potential
application in lower energy consuming devices. These materials exhibit both ferroelectric and
magnetic ordering in a single phase. In type 1 materials these two components are independent.
In contrast, in type 2 materials ferroelectricity arises as a result of complex magnetic ordering
related to geometric frustration. This has the benefit of strong magnetoelectric coupling, essential
for efficient device design, but with the disadvantage that ordering occurs at very low tempera-
tures which is not desirable.

We have been investigating structure-property correlations in complex layered materials
with the aim of elucidating the role of magnetic topography in controlling magnetic order and
transition temperature. Of interest is the polar hexagonal (S = 5/2) layered oxide Mn,Mo,O,
which crystallises in the P6,mc space group and exhibits strong linear magnetoelectric coupling.
Along the lattice c-direction, Mn,Mo,0, (¢ = b = 5.80 A, ¢ = 10.24 A) is composed of stacked
honeycomb-like Mn-O layers separated by trimerized Mo,O, sheets. In the ab-plane, the honey-
comb layer contains a 1:1 ratio of alternating corner-sharing MnO, tetrahedra (Mn1) and MnO,
octahedra (Mn,), giving rise to honeycomb connectivity. This gives rise to an easy-axis-type fer-
rimagnetic ground state below Tc =41 K [1]. However, a full understanding of the structural and
magnetic behaviour of Mn,Mo,O,, including when the honeycomb lattice is doped with other 3d
transition metals, remains limited [2,3].

In this paper we will report the structure (including neutron diffraction) and roperties of
Mn,Mo,O, and Mn4Mo,O, materials (where 4> = Fe?*, Co*" and Zn*"). We will discuss the role
of'site preference of cations (octahedral vs tetrahedral) and provide new insight into the magentic
behaviour of these materials.
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Metastable rare earth nickel oxides, crystallizing in perovskite-related structures are an outstand-
ing example of strongly correlated, functional materials with proximity to instabilities ranging
from metal-to-insulator through multiferroicity to superconductivity. Thanks to that, rare earth
nickelates provide a remarkable opportunity to study the interplay between dimensionality, struc-
ture, charge, spin and orbital momentum degrees of freedom. For instance, 3D perovskite-like
nickelates (RENiO,) intrinsically exhibit thermally-driven Metal-to-Insulator Transition (MIT)
[1]. Additionally, in insulating state RENiO, order magnetically below Néel temperature, what
is likely the driven force of an inversion symmetry breaking in the compound [2]. Whereas,
superconductivity may be induced by the dimensionality tuning of the system [3]. Nevertheless,
lack of single crystals linked with necessity of high-pressure (up to 60 kbar) application during
synthesis procedure has prevented better understanding of emerging physical phenomena in the
nickelates perovskite super-family members.

Here, I will demonstrate novel crystallization route for growing the first ever high-quality
bulk RENiO, (RE = Nd — Lu) single crystals [4] under moderated oxygen pressure of 2 kbar. Fur-
thermore, I will show results of 150 bar oxygen pressure application during Traveling Solvent
Floating Zone (TSFZ) growth in context of selected Ruddlesden-Popper 2D nickelates phases
[5]. Finally, I will present outcome of quasi-1D nickelates obtained by topochemical oxygen
uptake from both, 3D and 2D structures [6,7].
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Many of the alloys and intermetallic compounds (IMCs) being studied today or already studied
are considered for their properties in various applications related to energy, such as hydrogen
storage and magnetic properties. This is dictated by the need for a sustainable future. And since
intermetallic compounds are often termed functional materials owing to their superior properties
in different fields, it makes such materials of great importance for investigation. [1]

Hydrogen storage properties of TbMgNi, Co_(x=0—4)IMCs have been studied in the first
instance. [2] Their crystal structure is characterized by a cubic system and subscribed to a SnMg-
Cu,-type structure. They also can be described as extended solid solutions based on Tb7, (T = Ni
and Co) compounds, leading to a disordered variant of the MgCu,-type structure. It was shown
that Co for Ni substitution allows: 1) a substantial increase of hydrogen capacity by at least 40%
(TbMgNi, vs. TbMgCo,); ii) a lowering of the equilibrium plateau of hydrogen pressure (from 1.09
down to 0.1 MPa H,, respectively); iii) an improvement of the kinetic of the formation of hydrides
(reaction rate constant changes from In(k) =-9.38 up to -6.12).

Magnetic properties of TbMgNi, Co_(x = 0 — 4) IMCs depend on the Co concentration
as well and range from Pauli-like paramagnets to ferromagnetic materials. Curie Temperature
increasing with a higher concentration of Co. Hidden structural changes were found as well at low
temperatures.
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Layered magnetic materials have received great interest due to the prospect of using 2D magnet-
ic sheets in spintronic devices for energy-efficient, high-performance nanoelectronics. However,
magnetic order is rare in 2D, and only a few families of promising layered magnetic materials
have been reported. Here, we present a family of layered sulfides that show surprising magnetic
properties including extraordinarily large magnetic hysteresis, strong spin-orbit coupling, and
tunable metamagnetism. Despite the dramatic magnetic behavior, we find no evidence of long-
range magnetic order down to 1.6 K using neutron powder diffraction. Instead, the macroscopic
magnetic properties are found to be driven by short-range ordering of both the structure and the
magnetic spins. We use neutron pair distribution function (PDF), solid-state nuclear magnetic
resonance (NMR), diffuse magnetic neutron scattering, and Monte Carlo modelling methods
to characterise the short-range structures of the atoms and spins. The large amount of atomic
disorder and the presence of short-range ordering are found to modify the magnetic structure so
that unusual 2D magnetic states can be realized. This work suggests that disorder and short-range
order may be used to expand the types of magnetic behaviour that may be achieved in 2D for
next-generation applications.
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The crystal growth of uranium and transuranium containing phases has been accomplished
via two different crystal growth routes, mild hydrothermal and high temperature solution flux
growth. In both cases we are targeting the preparation of new compositions to evaluate their
potential use as nuclear waste forms. The mild hydrothermal route works extremely well for
crystallizing complex fluoride phases, such as Na,GaU" F,,, Na,AINp" F, , Na,FePu" F,,, and
Cs,NiNp'Y.F ., [1,2] while the high temperature flux route works well for crystallizing oxide
phases, such as Cs,Pu''Si O, 5, K,Am(PO,),, and Na,Pu¥O,(BO,). [3,4] The synthesis and struc-
tures of these phases will be discussed, along with our appraoch of identifying potential compo-
sitions that we can pursue synthetically. [5] Surrogate containing analogs are further investigated
for their resilience to radiation damage to help identify new nuclear waste forms. [6]
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Iron fluoride (FeF,.nH,0) shows high capacity as cathode material for lithium-ion batteries com-
bined to low toxicity and low cost. The water content of iron fluoride has been shown to be of
prime importance in the performances of the cathode. So far, the various synthesis route doesn’t
allow for a precise water content control, especially on the low amount regime which is the most
interesting range of composition [1]. In addition, CrF, has been shown to significantly increase
the conductivity of LiF film [2]. Consequently, it is of interest to look for the in-situ formation of
the various MF, (OH),.nH,O phases (M = Cr, Fe) (any version).

In this contribution, we report on the in-situ formation of MF, (OH) _nH,O (M = Fe, Cr)
phases using self-generated atmosphere. Traditionally, the heating MF,.3H,O in open air results
in the full oxidation and decomposition of the fluorides giving rise to nano based oxides. Here,
we make use of self-generated atmosphere to control the precise crystal chemistry of those phas-
es upon heating preventing full oxidation at mild temperatures while stabilizing new phases
relevant for battery applications. This work demonstrates the added value of in-situ experiment
using self-generated atmosphere for synthetizing new fluoride phases.
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Figure 1: a) In-situ temperature evolution of FeF;.3H,0 and b) PDF analysis of CrF;.3H,0O as function of the
atmosphere synthesis.
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Introduction Introduction of sulfur into metal oxide nanoparti- A 5
< A P s ]

o
cles (NPs) has been attracted a great deal of attention, especially *':\{ 3
.

Intensity (a.u.)

in a field of photocatalyst because it provides a narrower energy L, W .
band gap into the base NPs to induce visible light responsivity. e -8 ;A 2
The sulfur atoms can be introduced by using H,S gas as the s 100 nm. * 50 nm
source. However, high toxicity of H,S is a potential problem e | _—
for the practical applications. On the other hand, Sato, Mura-  Figure 1: A XRD pattern of
matsu et al. reported that partial sulfidation of TiO, undera CS,  product after thermal sulfidation
atmosphere can be induced visible light responsivity into the

resulting TiO(, ,)S, as a photocatalyst. [1] The thermal sulfida-

tion using CS, gas is advantageous not only from a viewpoint \-\/ '

of the toxicity of H,S but also low temperature processibility. "\a_a  Product

In the present study, we focused on a facile preparation of yttri- Y:O--ﬁ' ' M
um-based oxysulfide NPs under the CS, atmosphere. i I N T

Methods Y(OH), NPs, used as the precursor for ther- 10 20 302‘20( 65009' ig)m 80 90
mal sulfidation, were prepared by a solvothermal method [2]
as follows: Ethylene glycol solutions of YC,;6H,0 (0.50 mol  Figure 2: TEM images of a)
L") and tetramethyl ammonium hydroxide (2.0 mol L) were ~ Y(OH);, and b) Y,O,S particles.
mixed in a 1:1 volume ratio and stirred for 10 minutes. Then,
the mixture was transferred into an autoclave and aged at 210 °C for 4 days. As-obtained prod-
ucts were washed with ethanol and H,O followed by freeze-drying. A portion of the powder
was annealed under a CS, flow at 500 °C for 1 h. The heating rate was 10 °C/min, and during
temperature rising, only an Ar gas was passed through. Resulting particles were characterized by
X-ray powder diffraction and transmission electron microscopy.

Results and Discussion The solvothermally synthesized precursor NPs were an amor-
phous-like spherical shape (Fig. 1a). The shape of the NPs was maintained after thermal sulfi-
dation (Fig. 1b). The XRD pattern of product in Fig. 2 indicated a Y,0,S phase was obtained
at a relatively low temperature at 500 °C and in only an hour. The present process to obtain
oxysulfide compounds under mild reaction conditions might be applicable to develop high-effi-
ciency photocatalytic materials with visible light responsivity.
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Mechanochemical process is a novel procedure to synthesize amorphous oxides solid inter-
mediates for production of crystalline metallosilicates, zeolites [1]. These oxides precursor
plays a promising role on the incorporation of heteroatoms into zeolite frameworks. Possibly,
a direct-precursory complex of Si** and heteroatom is once dissolved from amorphous oxides
and then recrystallized as a form of zeolite. Crystalline system of as-formed zeolite is freely con-
trolled with the presence of SDA, structure directing agent, even if the same amorphous oxides
are used. This mechanochemically assisted procedure yields a more homogeneous distribution of
substituting heteroatoms in the zeolite framework, compared to the conventional hydrothermal
synthesis.

Among various applications of zeolites, the catalytic application in the petrochemical field
is one of the important roles. Bronsted acidity is the main catalysis of the zeolites, which origi-
nates from the bridging OH groups between the framework Si* and isomorphously substituted
trivalent heteroatoms such as B3, AI’*, Fe** and Ga*". In addition, the acid strength strongly
depends on the kind of heteroatoms. Therefore, the isomorphous substitution of the framework
Si*" atoms with other trivalent cations is an effective approach to controlling the acid property of
zeolite catalysts [2].

We synthesized the Fe-containing zeolites with various zeolite topologies such as MFI-,
MWW- and CHA-type frameworks [3,4]. In this study, the textural properties of the thus-pre-
pared Fe-containing zeolites and their catalytic performance were examined and compared with
those zeolites prepared via conventional hydrothermal synthesis in order to clarify the effects of
the preparation method. Moreover, we applied the mechanochemical method for the synthesis of
Al and Fe-containing MFI-type zeolites, where an excellent catalytic performance was observed
in the dimethyl ether to olefins reaction.
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Alkali transition metals layered oxides have aroused great interest in the field of solid-state chem-
istry for decades. The chemical richness due to possible cationic substitutions in the transition
metal layer enables the discovery of materials especially with applications as lithium-ion batter-
ies cathodes. In contrast, mixing alkali elements in such layered systems has not been extensive-
ly investigated. In this presentation, we want to share our solid-state journey inside the ternary
system LiNi, TeO, — Na,Ni,TeO, — K,Ni,TeO,. These three phases possess a layered structure
with moreover an in-plane honeycomb ordering between nickel and tellurium cations.[1-3]
In parallel to the already-reported composition NaKNi,TeO, which exhibits the unique exam-
ple of alternation of sodium and potassium layers, [4,5] we successfully obtained by direct or
multistep solid-state reactions new examples of alternated stacking gathering two or even three
alkali cations.

The challenging structural investigation of these new compounds especially lies on localiz-
ing the alkali cations and on the possible presence of stacking defects, and consequently forced
us to combine multiple characterization techniques. Whereas diffraction techniques (lab and syn-
chrotron XRD, ND) show long-range alternation of alkali layers, local analyses like high-resolu-
tion TEM and solid-state NMR reveal a more complex picture at the atomic scale. In the search
for rationalizing the existence of such alkali-ordered layered compounds, we also investigated
their formation mechanism. To do so, the solid-state reactions were probed by in situ diffrac-
tion. Interestingly, the synthesis is triggered at very moderate temperatures, certainly driven by
the high mobility of alkali cations inside these layered structures. However, a topotactic ionic
exchange seems to be discarded for the benefit of a classical nucleation/growth process.

« LiKNi;TeO, *

Figure: General structure of A,Ni,TeO, compounds, XRD follow-up of the formation of LiKNi,TeO,
and corresponding high-resolution TEM image showing the alkali layer alternation.
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Hydroflux is a new approach to the synthesis of inorganic materials that operates at conditions
between salt flux and hydrothermal reactions [1,2]. For a hydroflux, the hydroxide of an alkali
metal or alkaline earth metal is combined with water in molar ratios between 1:1 and 1:2, corre-
sponding to 50 or 25 molar solutions. The melting point depends on the water content, but lies
typically below 100 °C. The hydroflux differs from hydrothermal conditions by the very low
activity of water, so that syntheses are almost pressureless at about 200 °C. The ultra-alkaline
medium is very aggressive and dissolves many oxides and other materials. Hydroflux syntheses
proceed within a few hours and require only a PTFE-lined autoclave that is inert to the medium
and ensures that no water is lost during the reaction.

Using this approach, we were able to synthesize crystalline products of numerous oxo- and
hydroxometalates in high yield and purity. Among them are cation conductors, while others can
be used as carbon-free precursors to functional oxides. However, the method is by no means
limited to these compound classes. An outlook on the possible applications of the hydroflux is
given by the successful syntheses of the oxide iodide T1, 0], the periodato complex K [Rh(IO,),]
OH-3H,0, the orthoselenate(IV) K,SeO,, or the tetraselenodiarsenate(Il) K,(As,Se,)-2H,0.

The acid-base chemistry in hydroflux can be rather unusual. For example, boric acid acts
as a proton donor (Brensted acid) rather than a hydroxide acceptor (Lewis acid) as evidenced by
the crystallization of the non-linear optics material Ba(BO,0H) [3].

The redox chemistry proceeds far from tabulated standard potentials and yields surpris-
ing results. For example, very large crystals of the highly water-sensitive tritelluride K, Te, are
obtained by reduction of TeO, with As,O, [4].

The crystallization of hygroscopic products from an aqueous medium demonstrates another
important aspect of the low chemical activity of water in the hydroflux.

One of the latest products from hydroflux is K,(Sb,0,),Te, an air-stable optoelectronic
material exhibiting energy up-conversion as well as intrinsic transistor/varistor behavior that can
be controlled by the wavelength of light incident on it.
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Topochemistry enables step-by-step conversions of solid-state materials often leading to met-
astable compounds that retain initial structural motifs. Recent advances in this field revealed
many examples where anionic constituents were actively involved in redox reactions during (de)
intercalation processes. Such oxidations are often accompanied by anion-anion bond formation,
which heralds possibilities to design novel structure types disparate from known precursors,
in a controlled manner. Here multistep conversion, via reactive intermediates, is presented of
the layered oxyselenide Sr,MnO,Cu, Se, into a Cu-deintercalated phase where antifluorite type
(Cu, ;Se,)** slabs collapsed into 2D arrays of chalcogen dimers. The collapse of the selenide lay-
ers on deintercalation led to various stacking types of Sr,MnO,Se, slabs, which formed unprec-
edented polychalcogenide structures unattainable by conventional high-temperature syntheses.
We understand the structure using X-ray diffraction and spectroscopy along with various other
techniques. Anion-redox topochemistry is demonstrated to be of interest not only for electro-
chemical applications but also to design of complex novel layered architectures.

step reaction

........... Cu deintercalation J&Y)
834A
4
o >
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Sr,MnO,CuuSO,
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Figure: Multistep oxidative Cu deintercalation leads to collapse of CuCh layer forming 2D array of anion
dimers
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Upconversion photoluminescence (UCPL) observed in rare-earth(RE)-doped materials attracts
attention due to its applications in lasers, bioimaging, sensors and detectors, etc. UCPL compris-
es of three basic mechanisms:

1. Ground State Absorption (GSA) followed by Excited State Absorption (ESA);

2. GSA followed by Energy Transfer Upconversion (ETU);

3. Photon Avalanche (PA) UCPL via cross-relaxation processes.

GSA/ESA and GSA/ETU are the most common and the most studied UCPL processes. The
UCPL mechanisms are frequently studied via absorption-excitation spectroscopy and/or tim-
eresolved spectroscopy (TRS). Since UCPL is governed by nonlinear dynamics, its time evo-
lution in TRS experiments cannot be always analysed in a closed form. Unlike TRS, Quadra-
ture Frequency Resolved Spectroscopy (QFRS) utilizes a phase-sensitive lock-in detection and
a sinusoidal modulation (perturbation) on continuouswave (cw) bias light which can be advan-
tageously applied for UCPL study. Perturbation on cw bias light induces the perturbation in the
population densities at RE** levels, which can linearize otherwise nonlinear UCPL dynamics and
thereby provides physical parameters [1].

We have applied QFRS on green (A ~ 550 nm) UCPL in Er**doped GeGa(As)S chalco-
genide glasses using a 975 nm modulating laser and various excitation photonflux densities ®.
The observed double-peaked QFRS spectra compose of two lifetime components; a long-life-
time component T, ~ 0.1-1 ms reflecting the relaxation at Er*": */, , level; and a short lifetime
component 1, ~ 10 ps reflecting the relaxation at Er**:*F. /2H,, ,/*S,, coupled manifolds. The
GSA/ESA and GSA/(ESA+ETU) UCPL processes can be differentiated based on the ®-evolved
QFRS spectra with respect to the Er** concentration under three-level model approximation. The
ETU parameter is determined by analysis the model in terms of a transfer function for a variety
of the Er**doped chalcogenide glasses [1].
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Electrochemical materials in battery designs and research on them are critical in achieving a
sustainable energy future as well as energy independence from fossil fuels. In practice, energy
density, cell lifespan, and charge rate are bonded to chemical composition and specific structural
features within the batteries. In general, optimization of all these parameters is a multiscale,
multimodal challenge that consists of the analysis of the anode, cathode, electrolyte, and their
interphases.

In this presentation, we focus on characterization techniques and their usage that offer crit-
ical insight to optimize Li-ion battery (LIB) performance and lifetime. Especially, we focus on
micro- and nanocharacterization of battery active materials by Time-of-Flight Secondary Ion
Mass Spectrometry (ToF-SIMS) combined with Focused Ion Beam Scanning Electron Micro-
scope (FIB-SEM) [1,2]. This analytical tool helps to identify the LIB capacity fade mechanism
based on the loss of lithium inventory caused by parasitical chemical reactions [3] or lithium
trapping within electrode particles [4]. High-sensitive ToF-SIMS technique also allows the
chemical identification of contaminants within the battery material, the study of the degradation
process of electrode particles [5], and the properties of solid electrolyte interface (SEI) within
the anode material. The ability to correlate SEM observation with ToF-SIMS and other analyti-
cal techniques such as Energy Dispersive X-Ray Spectroscopy (EDS) and Raman spectroscopy
[6] on the same FIB-SEM system allows extended analytical capabilities and so comprehensive
understanding of LIBs material behaviour from the mechanical, chemical, and electrochemical
point of view.
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Local structure in solid state catalysts, indicating the atomic arrangements from several anstroms
to several nanometers, determines the phase distribution, ab/desorption process, and surficial
electron transfer. However, the revelation of atomic 3D structure for nanocatalysts challenges the
limitations of conventional methods. Notably, the identification of the cooperative relationship
between the active sites and nearby coordination environment during catalytic reactions depends
on the stereo distribution of local phases and chemical composition within a short range. Here,
supported by the comprehensive method combining with Pair Distribution Functions (PDF) with
Reverse Monte Carlo (RMC), we have performed a local structural insight into the elemental
distribution, phase segregation and anomalous structural transition in the nanosized catalysts.
A segregation of local phase segments as disordered Pt-rich Al and Pt.Fe L1, phases were
revealed to attribute to the marked improvement of HER activity and stability in Pt,Fe,,. The
high dispersity of active sites in the Pd,,Cu,, alloy provided the excellent catalytic performance
with 98% ethylene selectivity at complete acetylene conversion, which was surpassing than the
most advanced catalysts available. Our study will provide an intuitionistic method to resolve the
spatial structure of active sites and be essential to design nanocatalysts.
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Advances in light emitting technology requires the development of materials with a broad appli-
cability to constitute devices in diverse field ranging from physics to biological imaging [1-3].
The study of synthetic methodologies of inorganic materials and approaches to design its physi-
cochemical properties is required to fulfill the demand for stable and efficient luminescent mate-
rials, achieving the optimum association of host lattice and activator element.

In this work, we report on the effect of inserting by Li*/Eu®" on the structure, electronic and
luminescent properties of bee-In,O, oxide matrix by combining experimental characterization
and theoretical simulation. The synthetized samples were characterized by XRD, Raman, TEM
and FE-SEM, and PL spectroscopy. DFT calculations were performed, providing a deep structur-
al and electronic description of the local arrangement of the [EuO,] clusters in the In,O, lattice.
The results demonstrated that lattice distortion induced in the In,O, by Li* co-doping effectively
alter the local environment of the Eu** ions in the host lattice, favoring an asymmetrical crystal
field, which in turn lead to a strong enhancement of the electric dipole transition °D;—F, (char-
acteristic Eu*" sharp red emission) intensity.

This approach provides a strategy to improve the performance of rare earth activators in
inorganic solid-state materials, with potential to be applied in the development of high efficiency
light emitting devices.
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This paper reports a substantial improvement over state-of-the-art stress sensors’ performance by
detecting a pivotal urinary biomarker, (i.e., H,0,) to manifest its clinical application into a minia-
turized system. The sensitivity of the stress sensor was improved by increasing the aspect ratio of
the ZnO nanorods [1]. The paper discusses the varied population of ZnO nanoparticles achieved
in ethanol and water solvents towards the growth kinetics and achieving a desired aspect ratio of
the ZnO nanorods. The experimental and statistical analysis shown in Figures A and B, respec-
tively, reveal a remarkable quantitative reduction of H,O, into H,O with a limit of detection
(0.3 uM), high sensitivity (0.3984 mAmM-'cm?), and a wide linear range of 1.0 uM — 15.0mM.
A wide comparison with the literature advocates an improved sensitivity of the NGO-ZnO/E as
a stress sensor for clinical applications in the future.
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Figure: (A) Amperograms of the NGO/ZnO/E in Ar-saturated 0.1 M Phosphate Buffer Saline (PBS) (pH 7.4)
at different applied potentials, containing various concentrations of H,0, (1.0 x 106,~1.5 x 102 M),

inset: data corresponding to low H,O, concentration, and (B) linear ranges obtained from the plot of cathodic
current density at each applied potential vs. H,0, concentration.
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Silicate-analogous solid state compounds feature tetrahedral basic building units such as borate
and sulfate tetrahedra in borosulfates, an emerging class of compounds [1-3]. Analogous to sili-
cates such basic building units may condense to form anionic frameworks to host cations.

In case of the borosulfates normally B(SO,), moieties (Fig. 1) form like in the tectosil-
icate-analogous series of RX[B(SO,),], (X = M/, H,O"..., R=La...Lu, Y, Bi) [1], the nesosili-
cate-analogous K,[B(SO,),] [2] or the ringsilicate- and inosilicate-analogous borosulfates R,[B,(-
SO,)] (R=La...Lu,Y) [4,5], Sr[B,(SO,),] and (NH,),[B(SO,),] [6], the latter being of interest as
proton conductor [7]. This contribution focusses on progress regarding tectosilicate-analogous
borosulfates and will elucidate synthesis principles, the structural chemistry and selected further
optical and thermal properties.
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Figure 1: B(SO,), moiety in K,[B(SO,),], unit cell of RX[B(SO,),],, luminescence spectra of Ce,[B,(SO,),]
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Phosphidosilicates and related compounds attract considerable interest due to their versatile
structural chemistry and potential ion-conducting and thermoelectric properties. SiP, tetrahedra
as basic building units show an enormous variety of linkage patterns, which even exceeds that of
oxidosilicates, also because additional homonuclear bonds can occur between the anions. Such
phosphidosilicates can be classified as Zintl-compounds.

Compounds with the simple composition ASi,P, (4 = Li, Na, K) form complex structures
with large interpenetrating networks of supertetrahedra (up to T5), which are hierarchical vari-
ants of diamond. Alkaline ions move between the supertetrahedra with conductivities up to 2 x
10* Sem™ (300 °C), 4 x 10* Scm™ (25 °C) and 2.6 x 10* Sem ™ (25 °C) for Li*, Na*, and K~
respectively.[1-3] In the case of sodium, we find that the ion conductivity increases with the size
of the supertetrahedral entities.

Ba,SiP, is dimorphic with SiP,-tetrahedra connected via P-P bonds. The tetragonal form is
analogous to B-Christobalite, where oxygen is replaced by P,-dimers. The orthorhombic poly-
morph has chains of SiP -tetrahedra, reminiscent to the elusive fibrous SiO,.[4-5]

Mixing of alkaline earth ions produces even more structural motifs. One example is hexag-
onal MgSr,Si,P., where a MgP /SiP,-network forms large hexagonal channels filled with chains
of face-sharing Sr, ,-octahedra, which in turn contain chains of P,-dimers. MgSr,Si,P. underlines
the structural versatility of phosphidosilicates by combining motifs of silicates with those of
Zintl-compounds.

The arsenidogermanate BaGe,As,, is a rare example of a semiconducting sodalite-type
compound. [6] Barium is too small to fit the large 3-cage and, according to DFT calculations, the
resulting rattling leads to a small lattice thermal conductivity. The electrical conductivity is good
thanks to the small gap, thus our calculations predict a record thermoelectric figure of merit up
to zT = 2.7, which has still to be proved by experiments. [7]
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In the past decades, one of the major challenges is to find ways to reduce our influence in the
climate change, by reducing the quantity of trash, recycling it, and reduce the greenhouse gas
emission. In the energy field, using low carbon emission sources, like nuclear energy or renew-
able sources. For the last ones, the intermittent nature makes it mandatory to store the surplus and
allowed the renewable sources to be more of a controllable energy.

In term of storage, two main categories can be distinguished: batteries and capacitors. The
first one, by being able to convert electrical energy into chemical energy, is able to store a large
amount of energy, i.e high energy density. The electrical output is limited, due to the slow move-
ment of the charge carriers. On the other hand, capacitors can store and discharge energy in
a very small amount of time. But the energy density is limited by the surface of the device. In
recent years, a new category starts to draw attention, the (anti)ferroelectric materials.

Ferroelectric materials are known to have spontaneous electric polarization below a given
temperature, the Curie temperature (Tc). This polarization can be reverse by applying an exter-
nal electric field. Relaxor ferroelectric behave relatively close to a ferroelectric material. The
main differences are the presence of a wide peak in the temperature dependence of the dielectric
permittivity. The frequency dependence of this peak is the other main difference. This shift in
frequency is mainly due to the disordered nature of the structure. Antiferroelectric materials, like
FE materials, possess a spontaneous polarization, but an antiparallel one, making it zero at the
macroscopic level. Under an electric field, the AFE material undergoes a reversible first order
phase transition to a ferroelectric (FE) phase, behaving like a FE material at high electric field.

TiFeNbO, is known as a disordered rutile, with a relaxor behavior [1,2]. It has drawn atten-
tion, due to its high dielectric constant. Previous papers attempted to replace the Nb cation by Ta,
or Fe by Al. On the other hand, Ti has never been replaced. It could be interesting to replace this
one by another one but bigger, like Zr and Hf. With those cations, it may force the structure to
order, in a layered form. This type of structure could possibly lead to a antiferroelectric behavior,
where the layer of one cation could polarize to one side, where the layer above/below polarize
to the other side.
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Intermetallic nanoparticles have achieved great scientific and technological interest with their
superior properties in catalysis and electronics. The polyol process, the reduction of metal salts
in polyalcohols, is an excellent method to synthesize such nanoparticles in high yields with con-
trolled size and morphology, using low reaction temperatures and short reaction times. However,
a detailed knowledge about the formation mechanism of intermetallic nanoparticles under these
conditions is lacking, even though a deeper understanding is crucial for targeted synthesis and
material design for specific applications. Therefore, systematic investigations were carried out
to identify the influence of key parameters, such as temperature, pH value and anions, using
(in-situ) PXRD, SEM, and TEM, e.g.

The formation of crystalline BiNi powders starts with the successive reduction of Bi** and
Ni2+, leading to core-shell nanoparticles “Bi@Ni”. Successive diffusion of nickel into the bis-
muth core leads to the formation of the bismuth-rich compound Bi,Ni, which subsequently reacts
to BiNi. High pH values and reaction temperatures promote the formation, whereas halide ions
reduce the reactivity. [1] In contrast, investigations of the formation of Bi,Ir particles revealed
a partial co-reduction of Bi*" and Ir**, which results in the newly discovered intermetallic sub-
oxide Bi,Ir,O. At higher reaction temperatures, this suboxide is then fully reduced to the target
phase Bi,Ir. [2] Another example is the formation of Bi,Rh particles, which follows a co-reduc-
tion of Bi** and Rh*, yielding BiRh in a first step. The obtained BiRh particles act as reduction
sites for the residual bismuth cations, leading to a gradual transition from BiRh to Bi,Rh. The
rhodium precursor plays a crucial role in the formation of undesirable intermediates and feasibil-
ity of the reaction, whereas a high pH value has a positive effect. [3]
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NaM,0, compounds (M = 3d or 4d transition metals) with a postspinel CaFe,O, structure-type
offer many advantages as positive electrodes for sodium-ion batteries, such as a theoretical fast
charging and excellent stability during cycling.!'? In this context, our current project focuses
on novel NaFe, O, based compositions, selected for the sustainable chemistry of Na and Fe cat-
ions, and the enhanced possible energy density associated with the high redox potential of the
Fe*** couple. Beyond their electrochemical performance, these materials present an intriguing
solid-state framework (cation ordering, Jahn-Teller distortions, etc) which has been so far under-
explored.

The current presentation will focus in particular on recent results concerning the synthe-
size and extensive property characterizations of the NaFe,, Ru, O, system. Select compositions
have been synthesized by various solid-state routes, performed with careful consideration of
maintaining a +3.5 average oxidation state of transition metals when increasing iron content.
Our presentation will describe and contrast the efficacy of these different approaches, including
ambient pressure calcination type synthesis, and the use of both high oxygen gas pressures and
high (> 1 GPa) mechanical pressure conditions explored to stabilize the targeted compositions.

Although the final NaFe,O, parent composition has not been realized in this current study,
a discussion of the structural and property characterizations performed on samples over the range
0 <x < 0.5 will be used to illustrate the opportunities and limits of this approach. Specifically,
the presented results validate the overall strategy even if iron substitution in the postspinel-type
structure is limited over the explored pressure ranges. It will be shown how this conclusion is
supported by multiple probes. Méssbauer and X-ray spectroscopy have been used to confirm the
elemental compositions and to examine the interplay of Fe and Ru oxidation states in the materi-
als. Electrochemical curves obtained by galvanostatic cycling (at C/50) of NaFeRuO, show that
Na intercalation/deintercalation is possible but limited. Preliminary transport measurements and
calculations performed to better understand diffusion constraints will be presented, followed by
a discussion on the implications of these structural and transport findings for a broader family of
postspinel-type NaM,0, compounds.

Figure: Postspinel-type
structure (left), and NaFeRuO,
e electrochemical curve by

Na rate (y) in Na FeRuO, galvanostatic cycling (right)
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The knowledge on metal nanoparticles is the lower the more negative the electrochemical poten-
tial and the smaller the particle size. As a result, little in known on nanoparticles of the most basic
and most reactive metals. During the last five years, we have addressed the synthesis of base
metal nanoparticles (with £, (bulk) below —1.5 V). For the first time, we now have high-quality
metal nanoparticles (1-3 nm in diameter) of all red-marked metals in Figure 1 available (as THF
suspensions or powder samples) [1-5]. The as-prepared base-metal nanoparticles are highly reac-
tive (e.g. reaction with H,O or O, comparable to alkali metals).

The high reactivity of base-metal nanoparticles, however, can be used for synthesis in the
liquid phase near room temperature (20—-60 °C). Thus, novel coordination com-pounds, clusters
and oxoclusters, metalorganic compounds as well as novel materials for catalysis, H, sorption,
etc. can be realized [1-5].

Having almost all base-metal nanoparticles available for the first time since recently
(Fig. 1), we present the base metal nanoparticles and their use as reactants at room temperature.
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Nanoparticles
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1) Figure 1: Base metal
nanoparticles (all red
marked available with 1-3
nm in size) and selected
follow-up reactions.
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\y [SM.O,(cb2),,(thf)J2 CH,

References

[1] S.Riegsinger, R. Popescu, D. Gerthsen, C. Feldmann, Chem. Commun. 2022, 58, 7499.

[2] D. Bartenbach, R. Popescu, D. Gerthsen, C. Feldmann, /norg. Chem. 2022, 61, 3072.

[3] A.ReiB, C. Donsbach, C. Feldmann, Dalton Trans. 2021, 50, 16343.

[4] D. Bartenbach, O. Wenzel, R. Popescu, L.-P. Faden, A. Reif3, M. Kaiser, A. Zimina, J.-D. Grunwaldt,
D. Gerthsen, C. Feldmann, Angew. Chem. Int. Ed. 2021, 60, 17373.

[5] A. Egeberg, L.-P. Faden, A. Zimina, J.-D. Grunwaldt, D. Gerthsen, C. Feldmann, Chem. Commun.
2021, 57, 3648.

| 133 |



PRAGUE 2023

L75

Functionalization of chalcogenide IR photonic sensor
by polymer membrane for the purpose of detecting
aromatic hydrocarbon pollutants in water

M. Vrazel’, R. K. Ismail?, M. Baillieul’, P. Nemec’, P. Loulergue?, A. Szymczyk?, K. Boukerma3,
R. Courson?, A. Hammouti*, L. Bodiou®*, J. Charrier*, T. Halenkovic', M. Bouska’, V. Nazabal?*'
" Department of Graphic Arts and Photophysics, Faculty of Chemical Technology,
University of Pardubice, Studentska 573, 53210 Pardubice, Czech Republic;
2 Univ Rennes 1, CNRS, ISCR - UMR6226, F-35000 Rennes, France;
3 IFREMER, Laboratoire Détection, Capteurs et Mesures, 29280 Plouzané, France;
4 Univ Rennes 1, CNRS, Institut Foton - UMR 6082, F-22305 Lannion, France
* The corresponding author e-mail: martin.vrazel@student.upce.cz

Keywords: BTX; polymer; mid-infrared sensor; attenuated total reflectance; mid-infrared
spectroscopy; water pollution

Due to increasing levels of pollution in water, the need for rapid and accurate detection of
life-threatening substances is becoming increasingly urgent. This work focused on the detection
of aromatic hydrocarbons due to their highly carcinogenic and genotoxic properties. While sev-
eral chemical sensors are commercially available for field measurements, they still have short-
comings due to cost, multiple detection failures, actual portability, and/or reliability. Creating
a sensor that would improve these characteristics is the main objective of this paper.

Various water solutions containing pollutants were prepared, with concentrations ranging
from 50 ppb to 100 ppm. The individual water samples were measured using a Fourier-trans-
form infrared spectroscopy with an attenuated total reflectance accessory. Various polymers,
including polyisobutylene (PIB) and polyhydroxybutyrate-co-hydroxyvalerate from a family of
polyhydroxyalkanoates (PHAs), were tested as membranes, responsible for extracting molecules
from water. Thin films (in a range of 5-15 pm) from the polymers were prepared on ZnSe prisms
and then tested for fabrication reproducibility, analysis time, limit of detection, long-term cycle
repeatability and regeneration.

For PIB, the thickness of 5 pm was chosen as a compromise between the ability to extract
water and the time required to reach saturation of the membrane. The polymer showed ability
to measure samples consistently and repeatedly. The detection limit of hydrocarbons was also
reduced from 250 ppb to 150 ppb, promising good results in this detection range. The next step
will be the transposition of pollutants detection on chalcogenide waveguide with an integrated
microfluidic system.

For PHAS films, which are considered a biodegradable polymers, the goal was to improve
the contact between ZnSe prism and the polymer which had in previous experiments negative
effect on the hydrocarbon extraction capacity from the water.
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Solid-state compounds containing multiple anions can display complex crystal structures, unu-
sual magnetic ordering, and/or useful physical properties for applications ranging from batteries
to photocatalysis [1]. Of particular recent interest in this field are compounds containing square
planar metal-oxygen layers formed from edge-sharing frans-MO,X, octahedra, where M is a 3d
transition metal cation and X is a chalcogenide (S, Se, Te) or pnictide (As, Sb, Bi) anion. Such
layers have been reported with transition metals Ti, V, Cr, Mn, Fe, Co and Ni, and the layers can
act as 2D “building blocks” within more complex crystal structures [2]. In 2018, Ablimit et al.
reported the solid-state synthesis of RbV,Te,O and subsequent topochemical deintercalation of
the alkali metal ions to give a layered van der Waals compound V,Te,O [3]. In this contribution
I will discuss our soft-chemical synthesis of a new titanium oxytelluride, Ti,Te,O, and its inter-
calation reactions with alkali metals in liquid ammonia.

RbTi,Te,0 Ti,Te,0 Rb,(NH;),(NH,),Ti,Te,0
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Figure: Schematic showing the topochemical reactions of RbTi,Te,O (left) to form Ti,Te,O (middle) and then
A (NH,),(NH,).Ti, Te,0 where 4 = K/Rb/Cs (right).
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Cation ordering in solids is important for controlling physical properties and leads to ilmenite
(FeTiO,) and LiNbO, type derivatives of the corundum structure, with ferroelectricity resulting
from breaking of inversion symmetry in the latter. [1] Co,InSbO, recovered from high pressure
has a new, ordered-R32 A,B,O, variant of the corundum structure. Co,InSbO, is also remarka-
ble for showing two cation redistributions, to (Co, JIn,,),CoSbO, and then Co,InSbO, variants
of the ordered-LiNbO, A,B,O, structure on heating. The cation distributions change magnetic
properties as the final ordered-LiNbO, product has a sharp ferrimagnetic transition unlike the
initial ordered-R32 phase. [2] Structural transformation can lead physical properties changes as
well. Thermal transformations of double perovskites to ordered corundum can be achieved in
solid solutions Mn, Co _ScSbO,, allowing magnetic properties changing from glassy state to fer-
rimagnetic state. [3] Future syntheses of metastable A,B,O, derivatives at pressure are likely to
reveal other cation-redistribution or structural transformation pathways, and may enable A B,O,
materials with more flexible properties to be discovered.
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Nanocrystalline oxides of composition Gd,Sc Ga;_O,, (x = 0 — 2) belong to the family of mate-
rials with garnet-related structure. Although nanocrystalline Gd,Ga,O,, garnet doped with Er**
has been intensively studied with emphasis on the luminescence properties [1], the reports about
luminescence properties of Er*’-doped Gd,Sc Ga, O,, garnets are missing yet. The use of Sc**
as another component of the studied garnets may be found beneficial. It has been reported that in
e.g. Er*'-doped Y,0, nanocrystals [2], the addition of Sc** leads to improvement of the lumines-
cence properties due to a symmetry modification.

Nanocrystals of composition Gd,Sc Ga, O,, (x =0, 0.5, 1, 1.5 and 2) doped with 0.5 at.%
Er** were prepared by sol-gel combustion synthesis using citric acid as chelation agent. Struc-
ture, morphology and chemical composition of the annealed powders were studied by X-ray
diffraction, ATR-FTIR spectroscopy and by scanning electron microscope with Energy-disper-
sive X-ray spectrometer. The measurement of steady-state and time-dependent Stokes and anti-
Stokes (upconversion) emission spectra was carried out using photoluminescence spectroscope
with 980 nm laser diode excitation.
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The anionic substructures of borosulfates are similar to those found for silicates and consist of
vertex-connected (BO,)- and (SO,)-tetrahedra [1]. Thereby, not only B-O-S bonds can form but
also S-O-S and B-O-B bonds, as for example in (I,)[B(S,0,),],[2] and Sr[B,0(SO,),(SO H)] [3].
Charge compensation is typically achieved by metal cations.'! However, recently it was possible
to crystallize homo- and even heteropolycations with the anion [B(S,0,),]". The (I,)** cation has
been found in the structure of (I,)[B(S,0,),],[2]. This cation typically forms under strongly oxi-
dizing conditions and in the presence of weakly coordinating anions.[4] Even more astonishing
is the stabilization of the heteropolycations in [Au,Cl,][B(S,0,),] and [Au,Cl,][B(S,0,),](SO,)
B, According to quantum chemical calculations the latter is a one-dimensional metal, which has
been confirmed by polarization microscopy [5].
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Figure: Heteropolycationic substructure of [Au,Cl,][B(S,0,),]1(SO,) and selected parts of the band structure
together with the first Brillouin zone.[5]
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The two pyrochlore oxides Pb,Rh,0, and Y,Rh,0, were synthesized using high pressure, high
temperature techniques at 19 Gpa and 8 GPa respectively. Both oxides’ physical properties and
catalytic activities were investigated. Structurally, both compounds were determined to crys-
tallise in space group with no observed oxygen vacancies. In both oxides effectively identical
Rh-O bond lengths of 1.987 A and BVS of 4.2 confirm a Rh*" oxidation state. Y,Rh,0, represents
an unusual case of the lower density (6.356 g/cm?) pyrochlore structure being stabilised under
high pressure conditions, while the analogous, higher density (7.031 g/cm?®) perovskite YRhO,
is stabilised by synthesis under ambient pressure conditions. High pressure acts to stabilise the
Rh** state, through the immense oxidising potential of HPHT techniques. The Rh*" state results
in a S = % magnetic ground state. Magnetisation measurements suggest strong AFM coupling
in Y,Rh,0,, long range AFM order is however not observed due to the geometric frustration
of the pyrochlore lattice. Specific heat and resistivity measurements indicate a large electronic
contribution to heat capacity with a Wilson ratio of 4.78(11) being calculated, suggesting strong
electron localisation. Resistivity measurements show a temperature dependence indicating sem-
iconductivity, with a narrow band gap of 50 meV being determined. Overall, these results are
similar to that reported for the metallic non-metal FeCrAs and other bad metals.[1,2] Physical
property measurements for Pb,Rh,O, indicate a metallic ground state. This is consistent with
similar Pb,M,0, oxides where M = Ru, Ir, Os. [3]
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Mercuride anions are not stable against oxidation and can only be stabilised in solids with high
enough lattice energy to account for their thermodynamic instability. [1] We present a series of
compounds in which the first reported isolated mercuride anions are present together with oxide
anions octahedrally coordinated by Cs cations. The ionic bonding is illustrated by the presence of
band gaps at the Fermi level according to calculations of the electronic structures. InA | [Hg Oy, [2]
AHgO (A=Rb, Cs) and Cs,[Hg,].O,,, [Hg,]* anions in the shape of only marginally distorted
cubes occur. In Cs ,Hg ,O,, the anion [Hg ] has the shape of two face-sharing cubes and is
considerably distorted. Some of the mercurides show interesting structural similarities with thal-
lides of the same composition. [3] The direct comparison shows how relativistic contributions
can explain the observed structural distortions.

Figure 1: Left: crystal structure of Cs,;Hg O, with [Cs,O] polyhedra in grey and [Hg,], anions in black; right:
crystal structure of Cs ,Hg ,0, with [Cs,O] polyhedra in grey and [Hg,,], anions in black.
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Mixed anion compounds have gained a lot of attention in recent times, providing the material
scientist with yet another way of fine tuning properties by introducing multiple anions [1].

In this work, a relatively new way of chemically designing low dimensional mixed-anion
crystal structures has been applied, leading to the discovery of a novel oxychloride, SrTe,FeO-
«Cl. An almost x-ray pure sample have been synthesized and has been investigated by pXRD,
SEM/EDX, magnetic susceptibility, specific heat and neutron diffraction. From the suscepti-
bility measurement and neutron diffraction it is clear that the sample is antiferromagnetically
ordered in its ground-state. The crystal structure reveals homoleptic coordinated iron, and a low
dimensional anion superstructure consisting of 1D “square” chains of chlorine surrounded by an
oxygen network.

3
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In the search for new inorganic materials, oxides, along with other monoanionic materials,
have received the bulk all of scientific attention over the years. Multi-anionic compounds have
received comparatively little attention. As such, the phase diagrams of multi-anionic species
remains largely unexplored today, despite the field of multi-anionic compounds showing great
promise for new chemistry. [1]

Here, a novel bichalcogenide, Ba Fe,Te,S., its synthesis and properties are shown. Exhibit-
ing an original crystal structure with iron sulfide tetrahedra arranged in a vertex-sharing dimer-
ic coordination, it would be expected to observe paramagnetic behavior a high temperatures,
due to very low electric conductivity. Ba Fe,Te,S., however, remains essentially nonmagnetic in
response to applied magnetic fields. Mdssbauer spectroscopy and DFT analysis are employed to
further understand the magnetic nature of this anomalous behavior.

References
[1] M. Valldor. Inorganics 2016, 4, 23.

Acknowledgments
This work was supported by the Norwegian Research Council (NFR) through project 301711.

| 142 |



18™ EUROPEAN CONFERENCE ON SOLID STATE CHEMISTRY

Oxides as Pt catchment materials L8—4
in the ammonia oxidation process i

— methodology and mechanistic insight

. Hessevik’, A. S. Fjellvdg’, 0. lveland’, C. S. Carlsen’, H. Sgnsteby’, T. By?, J. Skjelstad?,
D. Waller?, H. Fjellvag’, A. 0. Sjdstad’
" Department of Chemistry, Centre for Materials Science and Nanotechnology,
University of Oslo, N-0318 Oslo, Norway;
2 K. A. Rasmussen, N-2316 Hamar, Norway.
3 Yara International ASA, Yara Technology Centre, N-3936 Porsgrunn
* The corresponding author e-mail: juliehes@kjemi.uio.no

Keywords: platinum catchment; LaNiO,; perovskite; thin films; diffusion; mechanism

One of the key steps in the production of nitrogen based inorganic fertilizers utilizes a Pt-Rh
catalytic gauze (typically 95:5 wt.%) to give high yields of NO in the ammonia oxidation process
(800-950 °C and P = 1-12 bar) [1]. This reaction is highly exothermic (AH® =—-908 kJ/mol) and
leads to losses of Pt and Rh as PtO,(g) and RhO,(g), respectively. The most common technology
utilized today for recovering PtO, from the gas stream is to apply Pd-Ni (95:5 wt.%) catchment
gauzes. However, there is a simultaneous loss of Pd from the catchment gauze, which makes the
cost-benefit of the current Pt catchment process less beneficial. An alternative catchment materi-
al based on oxides would significantly lower operational costs.

The catchment of Pt by oxides provides a good basis for Pt recovery and recycling. How-
ever, a suitable oxide should at the same time not possess any negative catalytic activity with
respect to the NO_ gases in question. A number of oxides are identified as suitable candidates. For
one such oxide, LaNiO,, we observed that Pt catchment takes place through a gradual increase
of Pt content from LaNiO, via thombohedral LaNi,_ Pt O, (R-3c, x < 0.075) solid solution and
thereafter via La,Ni,_, Pt, O, (P2 /n, 0.20 < x < 0.50) until the fully ordered double perovskite
La,NiPtO, (x = 0.50) is formed [2]. The following overall reaction is suggested:

2LaNiO, (s) + PtO, (g) = La,NiPtO, (s) + NiO (s) + 20, (g) 1

In order to design an optimized and efficient oxide for Pt catchment, it is essential to have
good mechanistic insight into how the oxide captures Pt from the gas stream and transform into
a Pt holding oxide like La,NiPtO,. Insight to surface reactions, nucleation and diffusion aspects
are obtained from exploring thin films as model materials, e.g. LaNiO, thin films as grown by
Atomic Layer Deposition that thereafter are subjected to PtO, gas streams. Characterization data
were obtained by means of SEM, AFM, TEM, PXRD and XPS investigations.
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The langbeinite-type of compounds, 4,M,(70,),, where 4 mostly represents alkali metals,
M transition metals and 7 = S, Mo, Se, Cr, or W, crystallize in the acentric polar space group
P2 3. In particular, the sulfates of this family have been extensively studied in the past since
several of them undergo ferroelectric or ferroelastic structural phase transitions [1]. More recent-
ly, those members involving magnetic M?* ions have attracted attention due to their fascinating
magnetic behavior arising from competing magnetic interactions and some have been classified
as spin-liquid candidates, K,Ni,(SO,), [2] or KSrFe,(PO,), [3].

The absence of long-range magnetic order in these highly frustrated magnetic langbeinite
type of compounds has inspired us to investigate Cs,Fe,(MoO,), as a model compound, which
features Fe?" ions in trigonal ligand field. In contrast to the rigid units and Pearson hard cations
(K") involved in the ferroelectric/ferroelastic phase transitions of sulfates, the softer bridging
the [FeO]-units along with the chemically softer Cs'-cation facilitate dynamics in this case. We
will present insights from magnetic and thermodynamic data in a combination with the local
probe of ¥Fe Mossbauer spectroscopy. By comparing our results with earlier studies involving
langbeinite-type sulfates, distinct differences are unravelled. Most importantly, we will propose
a dynamic scenario in an attempt to address the highly degenerate ground state in this frustrated
magnet [4].
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The complex fluoride KY,F,, and its Ln**-doped counterparts have devoted a lot of attention due
to a broad range of technological applications. Quite intriguing, though, only studies compris-
ing the common a-phase of this structure can be found in the literature, neglecting the 5-phase
discovered in 2000 by Le Berre et al. [1], a gap which has been filled by some contributions of
the present authors [2,3]. Continuing with the aim of the synthesis and characterization of these
polymorphs involving Ln**-doping processes, in the present work Eu**-doped KY,F,, materials
were synthesized by a coprecipitation method. At lower Eu** doping concentration (until 10%)
the 6-phase was obtained and increasing the doping concentration a mixture of a/d phases was
formed. In addition, first principles calculations, at the density functional theory (DFT) level,
have been performed to disclose the mechanism of the phase transition between /6 induced by
the pressure, and morphology transformation.

The theoretical results indicated that a-phase is more stable than the 6 and the study of
phase transition induced by pressure depicted that the a—9 phase transition involves a volume
expansion, thus requiring temperature to occur. Therefore, the observed experimentally d—a
transition (which involves a volume contraction provoked by the Eu*" doping process) exhibits
the behavior of a positive (chemical) pressure emerging along the doping process [4].

The electronic analysis indicates that local distortion greatly affects the Eu-F hybridization
in d-phase structure, which could culminate with the destabilization of this phase, allowing the
a-KY,F,, formation. Additionally, the presence of Eu’* stabilize the (111) surface at the morphol-
ogy, which is characteristic in the SEM images. There is a morphological transformation from
nanospheres toward the formation of mainly octahedra, also truncated octahedra, and cubes.
A robust model is presented to match the theoretical and experimental morphologies, improving
the understanding of reaction paths connecting them.
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When comparing the number of crystallographically characterized group 7 element oxides, sig-
nificant differences can be observed. It turns out that compounds of manganese are described
intensively, whereas the number of both ternary technetium and rhenium oxides is small. Consid-
ering potassium as second cation basically only pertechnetate and perrhenate are known, where-
as a large variety of manganese compounds has been reported for this system [1].

Herein, the redox chemistry of technetium and rhenium in highly alkaline media was inves-
tigated. The resulting compounds contain the anions [MO,N]** (M = Tc, Re) [2]. All obtained
samples have been investigated by single crystal X-ray diffraction for the first time. The
[TcO,N]* anion in Ba[TcO,N] exhibits one short and three long metal-ligand bonds, which hints
to a localized Tc-N bond (Fig.) [2]. Furthermore, Ba[TcO,N] was investigated in more detail by
XAFS, Raman spectroscopy and magnetochemical measurements. Quantum chemical calcula-
tions corroborate the findings.[2]

Figure:
Extended asymmetric
unit of Ba[TcO,N]. [2]
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The combination of an electropositive element, such as alkali metals, with thallium, leads to
a large number of compounds in which this group 13 element is present in a formally negative oxi-
dation state. The thallium substructures reach from three-dimensional networks, two-dimension-
al layers, or isolated clusters. This depends on the alkali metal to thallium ratio 4:T1. Despite the
high variety of compounds, there are still some binary compounds 4 Tl (4 = Na-Cs) missing [1].

At the A:Tl ratio 1:1 RbT1 has not yet been reported. Binary approaches from high temper-
ature solid state techniques did not yet result in the desired product. Additionally, experiments
according to Zintl’s low temperature approach in liquid ammonia (TIX + 2 Rb; X = Cl, Br,
I, BF,, PF,) were prepared, which also did not result in RbTI [2]. Therefore, several ternary
compositions of K/Rb and Cs/Rb have been prepared via high temperature route and analyzed
by single crystal X-ray structure analysis to approximate RbTIl. Those approaches resulted in
the first mixed alkali metal thallides ATI. Mixed K/RD thallides crystallize in the orthorhombic
KTI type structure (space group Cmce) [3]. Contrary to the ternary compounds in the KTI type
structure, mixtures of Cs and Rb did not crystallize in the CsTl type structure (space group Fddd)
[4]. Instead, the new compound Cs Rb, ,,T1 crystallizes in the monoclinic space group C2/c. In
both ternary variants, distorted TI¢~ octahedra form the T1 substructure. Three to six alkali metal
cations are located on symmetrically inequivalent, mixed occupied positions and compensate the
sixfold negative charge of the clusters.
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Solution combustion synthesis (SCS) has been established as a versatile tool for materials syn-
thesis [1]. By avoiding sintering processes, access to powders with particular nanostructure, high
specific surface, and high chemical reactivity has become possible. Gaining access to thermo-
dynamically metastable solids by SCS was until recently not in the focus of research. Therefore,
discovery of multinary tungsten oxide-phosphates with P,O,, content of up to 50 mol% and
ReO,/WO, related XRPD pattern was rather unexpected [2]. Thus obtained materials are prom-
ising catalysts for selective oxidation of short chain hydrocarbons [3]. These results triggered
our search for (transition)metal oxide-phosphates with crystal structures related to rutile (slightly
corrugated hep of O*) and anatase (ccp of O%).

We are reporting the first oxide-phosphates with rutile- and anatase-type structures.
(Sn,Cr, P, )O, was obtained by SCS and subsequent annealing of the combustion product
with stepwise rising temperature in air (7= 900 °C). Its XRPD pattern can be fully assigned
based on the tetragonal cell of rutile-type SnO, (a=4.737 A, ¢ = 3.185 A) however, with slightly
different lattice parameters a = 4.732(2) A, ¢ = 3.174(3) A. EDX analysis confirmed a homoge-
neous element distribution. Above 1000 °C (Sn,Cr, P, )O, is decomposed to Cr,O, and SnO,,
the later containing a small amount of phosphorus. Decomposition of (Sn, Cr,,P,,)O, leads to
Cr,0,, SnO, and SnP,0..

Anatase-type (Ti ,Cr, P, )O, was obtained by a similar procedure (SCS, 7, = 700 °C)
with tetragonal unit cell parameters a = 3.791(2) A, ¢ = 9.491(7) A differing slightly from those
of anatase-type TiO, (a = 3.785 A, ¢ = 9.514 A). Thermal decomposition above 800 °C leads to
Cr™, Tiv,,0,,(PO,),, and TiO, (rutile-type, possibly containing small amounts of Cr,0,).

Details on further thermodynamically metastable oxide-phosphates related to rutile {(Sn, In-
0.P0.)0y (SngMn'y Py )O, 45, (Sny Mn'y )P ))O, 0} or anatase {(Ti,Cry,P,)0,, (Tiyslng, Py )
O,} will be reported together with the results of structure modelling providing insights into the
substitution mechanism.
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Ferroelectric materials are renowned for their various industrial and technological applications
[1,2]. Among these, perovskite-type ferroelectric materials stood out as the most promising
candidates for the fabrication of electronic components. Unfortunately, most of these materials
are lead-based, such as PbMg, ,Nb,.O, (PMN), PbSc, ,Nb,,O0, (PSN), PbZr Ti, O, (PZT)...
etc. Taking into account the risks pretended by lead compounds on health and the environment,
recent universal legislation has been adopted concerning the use of toxic materials [3]. There-
fore, the search for lead-free materials has become an alternative attracting the intention of many
researchers. In this regard, the compound BaTiO, is the best-known prototype of classical (or
conventional) ferroelectric materials characterized by a ferroelectric (tetragonal)-paraelectric
(cubic) phase transition that occurs at 120°C (far from room temperature) thus limiting the appli-
cations of such materials. In order to overcome this drawback, various substitutions have been
tested on the Ti and/or Ba sites of the BaTiO, material. In this purpose, we report the results
obtained simultaneously by aliovalent (Ba*-Ln*") and isovalent (Ti*"-Zr**-Sn*") substitutions
within the lead-free solid solution of complex formula Ba,,..Ln, ,.,(Zr Ti, s )Sn, O, (denoted
BLnZ100,TS) with Ln = La, Eu, Ho and x = 0.05; 0.20.

All the compositions were prepared using the high temperature solid-state process. The
calcination as well as the sintering of the samples were carried out respectively at 1180 °C and
1400 °C. X-ray diffraction analysis at room temperature as well as Raman spectroscopy analyses
revealed a perovskite-like phase. The influence of temperature and frequency on the real relative
permittivity and dielectric losses revealed a classical or relaxor ferroelectric behavior depending
on the zirconium content. On the other hand, it turns out that classical ferroelectric materials
exhibit quadratic symmetry while relaxors are distinguished by cubic symmetry. Physical and
structural models [4] corroborate this correlation. From an application point of view, some com-
positions exhibit maximum real relative permittivities near room temperature and seem to be
promising candidates to replace the lead-based materials currently used in industry.

0.975 0.95-x
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Mercury-rich amalgams of electropositive metals are suitable model systems for the investiga-
tion of polar metals. The combination of ionic, covalent, and metallic bonding is typical for polar
intermetallics and results in ‘bad metal behaviour’. This term expresses the physical properties
resulting from low concentration of free charge carriers together with very small mean free path
lengths. It allows for exotic combinations of properties which play a role in thermoelectrics, data
storage materials and others.

The number of mercury-rich amalgams is scarce. This is due to the preparational difficulty
of high reaction enthalpies and low decomposition temperatures. Isothermal electrocrystallisa-
tion has shown to be a successful method in overcoming these problems. [1-3] Whereas a ther-
mochemical approach relies on the composition of the starting materials and variation of the
temperature, isothermal electrocrystallisation changes composition over time by reduction of
the electropositive component out of solution into a Hg cathode. The high overvoltage of the
reduction potentials for alkali metals on a mercury cathode prefers the formation of amalgam,
which is also used technically in the amalgam process. With electrocrystallisation formation of
amalgams can be achieved under mild reaction conditions as fast as within one hour. The rate
of crystallisation can be precisely controlled through the electrode potentials and the electric
current applied. [4] The difficulty in producing ternary amalgams with two different electropos-
itive metals consists in ensuring the simultaneous cathodic deposition of two metals. This can
be achieved by adjusting the respective Nernst potentials via choosing suitable concentrations.

We show this procedure on the example of the first ternary amalgam synthesised by elec-
trochemical deposition of Na and K from their iodides in DMF solution to yield a ternary sodi-
um-potassium amalgam belonging to the Agl4Gd54 structure family (single crystal structure
refinement, hexagonal, space group P6, a = 39.547(5) A, ¢ =9.6777(12) A, Z=9).
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There are several known ways for synthesising caesium oxometalates, e.g. via decomposition
of caesium salts, by the azide nitrate route,[1] or, most commonly, from reaction with caesium
oxides.[2-5] Most of those use transition metal oxides as starting material and need high reaction
temperatures.

However, reactions of pure caesium oxide with elemental transition metals also result in
caesium metalates at much lower temperatures. This was first observed for the reaction of caesi-
um oxide with tantalum at 300 °C, yielding Cs,TaO, and elemental caesium. Obviously, Cs™ in
Cs,O takes the role of a strong oxidising agent.

This counter-intuitive reaction is easily explained by Ellingham diagrams[6], which are
commonly used in metallurgy and stability calculations.[7] They chart the thermodynamic sta-
bility of metal oxides 4G’ dependent on the partial pressure of oxygen against the temperature.
[8] Therefore, a metal oxide with higher 4G’ can be reduced by any of the more stable oxides
with lower AG”. The steep gradient of the Cs,O line explains the unusual reaction of tantalum and
suggests further possible syntheses of new caesium-rich metalates.

Until now, reactions of transition metals or lanthanides with Cs,0 (4:1, 650 °C) have result-
ed in several new compounds: Cs,M'O, (M = V,[9] Nb, Ta) in K,NO, structure type; Cs,MI-
VO, (M =Ti, Zr, [2] Hf, Ce) in Cs,PO, and Cs,ZrO, structure types; Cs,M'O, (M = Cu, Ni, Co)
in Cs,Au0O, structure type; Cs,CeVO,, Cs,Sc,"O, in K Fe,O, , structure type; as well as
reported oxometalates and suboxometalates: Cs,Cr,"V9,, [10] Cs,Si,"VO,,[3] Cs;Mn,"O,, [1]
CsFe,"O,,[4] Cs,Zn"O,,[5] Cs,M"O, [11] (M = Fe, In, Al) in Cs,InO, structure type. Further
reactions of transition metals and main group elements are being investigated.
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Indium in its formally positive oxidation states finds many applications in contemporary and
emerging technology, such as in displays of various kinds, solar cells, electrochromic devices
and heatable glass. There it is mostly present as ITO (indium tin oxide), which can be coated as
a thin film with optical transparency and electrical conductivity.

In contrast, the investigation of indium in its formally negative oxidation states is not yet
that sophisticated. To realize these formally negative oxidation states in solid state materials,
the combination of electropositive elements like alkali metals with the triel is necessary. In this
context it was recently shown for the heavier homologue thallium, that the role of the alkali met-
als goes far beyond simple charge balancing but can realize (novel) anionic substructures. [1,2]

In the electron poor part of the 4:In (4 = Na, K, Rb, Cs) system only Naln and Na,In are
known so far. In Naln the Na- and the In-atoms form a diamond-like substructure whereas in
Na,In isolated [In,]*-clusters are present. These two alkali metal indies are isostructural to the
heavier homologues NaTl [3] and Na,T1 [4]. In this analogy it was possible to synthesize Na K-
In, (a=16.3429(4) A, b=16.3388(3) A, ¢ =11.3096(3) A), which is isostructural to the structure
type Na RbT]l,. [2] Here, the orthorhombic space group of the binary Na,Tr (C222)) changed in
the ternary materials Na,4Tr, (4 = K, Rb & Tr = In, TI) to the orthorhombic space group Pbam.
The stacking sequence for the [In,]*-tetrahedra (ABAB) in the binary Na,In can be derived from
the hexagonal closed packing (hcp), which is reasonable as the space group C222, is a subgroup
of P6,/mmc. With the incorporation of the bigger alkali metal potassium the stacking sequence
of the [In,]*-tetrahedra changes to ABCABC, which is related to the cubic closed packing (ccp).
This also changes the coordination sphere of the isolated [In,]*-clusters. Whereas in Na,In 23
sodium atoms are arranged around a tetrahedron in the ternary Na,KIn, only 21 alkali metals are
observed surrounding [In,]*.
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Several alkaline metal niobates, e.g. LiNbO,, NaNbO,, and KNbO,, show ferroelectricity by
the displacement of Nb from the ideal position in NbO, octahedra. In the K-Nb-O system, not
only KNbO, perovskite but also K Nb,, ,O,, tetragonal tungsten bronze (TTB, cf. Fig. 1a) show
ferroelectricity [1].

To induce stronger lattice distortion that leads to higher ferroelectricity, we prepared Rb
substitutions of K-Nb-O by the high-pressure method. This method should be effective in shrin-
king the relatively large ionic size of Rb* (r = 1.72A, cf. r = 1.64A in K*).

We obtained both RbNbO, perovskite (another presentation in this conference) and Rb,_
Nb,, H,O,, TTB those diffraction pattern is similar to the ambient phase of KNb,, O, (Fig.
1b). Here, we report the phase stability, crystal structure and physical properties of Rb-Nb-O
TTB phase. The structure of the TTB phase was determined by the single-crystal X-ray diffrac-
tion analysis, suggesting the deficiency in Rb, excess in Nb, and existence of H, that could be
notated in Rb, Nb,,, H O;,. We also prepared (K, Rb)-Nb-O and (K, Rb, Li)-Nb-O phases by the
high-pressure method, and the TTB structure looks stable by adding Li. Details will be reported
in the presentation.

(b)
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Figure 1: (a) Crystal structure model of TTB-type Rb, Nb,,, H,O,,

z

(b) XRD patterns of high pressure(HP) phase of Rb, Nb,,. H O,, and K,Nb,; O,
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Cathode materials for lithium-ion batteries have been intensively studied, with a focus on the use
of transition-metal redox states to store energy'. However, many of the transition-metals which
are widely used in cathodes materials are scarce or expensive, if not both, so there is a strong
motivation to explore other redox couples in cathode materials.

Recently, we have observed that lithium can be chemically extracted from main-group
oxides which contain no oxidizable transition-metal cations. These observations suggest exten-
sive anion-redox chemistry is occurring. The structures and redox chemistry of a series of these
phases(LiEO,) will be described.
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Polymer derived ceramics (PDCs) is an appropriate material for preparing protective coatings
due to their excellent oxidation and corrosion resistance at elevated temperatures [1]. However,
the primary challenge of this approach is the remarkable shrinkage during polymer-to-ceramic
conversion. One way to compensate for high volume shrinkage is to add suitable filler parti-
cles in the coating slurry. In addition, fillers can be utilized to adjust and improve the thermal
and structural stability of PDC coatings. In this work, La,Zr,0, (LZ) powder has been selected
as a promising filler material for PDC coatings because of its excellent thermal stability, high
melting point (2300 °C), and low thermal conductivity [2]. For this purpose, LZ ceramic powder
was synthesized by high temperature solid state reaction (SSR) using commercial La,O, and
Zr0O, oxides. The synthesized LZ powder was heat-treated at 1400 °C for 6 h and some proper-
ties, such as powder morphology, chemical composition, crystal structure and thermal stability,
were investigated after high temperature treatment. A single pyrochlore phase of La,Zr,0, was
detected by X-ray diffraction analysis (XRD) after annealing at 1400 °C. Scanning electron
microscopy (SEM) of synthesized powder illustrated homogenous dispersion, sphere-like shape
and nanoscale particle size of the powder. The thermal behaviour and phase stability of the LZ
powder were studied by differential scanning calorimetry (DSC) in the temperature range of 25
°C—-1300 °C. The endothermic and exothermic peaks were not presented in the tested tempera-
ture range, proving the significant phase stability of La,Zr,0,
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Coordination compounds and polymers (CPs) based on bismuth are attracting wide attention due
to their low toxicity and a wide range of potential applications [1].

Relatively recent works have been dedicated to the study of the luminescence properties
of such compounds [2], as well as reported possibility of their doping with trivalent lanthanides
ions, which are the basis of emissive materials [3]. Hence, this clearly demonstrates the prospects
for research in this area.

In this work coordination polymers (CPs) of bismuth halides (chloride or bromide) with
N-donor ligands, such as 4-cyanopyridine and triazine derivatives are presented.

All compounds were prepared by melt synthesis utilizing a reagent in molten form under
reduced pressure and inert conditions.

According to single-crystal X-ray diffraction data, CPs with a 4-cyanopyridine ligand are
one-dimensional structures connected by halide bridges. Compounds with triazine derivatives
form network structures of two-dimensional coordination polymers.

For all coordination compounds presented, the luminescence properties were determined
by photoluminescence spectroscopy at 77K and room temperature. Bismuth CPs with chloride
and bromide ligands with 4-cyanopyridine emit in the blue-green region of the visible spectrum.
The luminescence of these CPs result from ligand-to-metal and metal-to-ligand charge-transfer
processes. The difference in position of the maxima in both emission and excitation spectra can
be explained by the influence of different halide anions, as described in previous studies [2].

Coordination compounds with triazine derivatives have similar luminescence properties
with abovementioned dependencies.
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Recently, a great attention has been focused on the development of hydrophobic coatings. In
addition to the traditional materials such as silanes and silicones, inorganic-organic hybrid mate-
rials that combine the mechanical properties and the thermal stability of the inorganic component
with the flexibility, ductility and processability of the organic component are currently being
studied.

Recently, we have reported the synthesis of N—M intramolecularly coordinated tin-borox-
ines (SnBOs) having the central six membered ring SnB,0,. [1] Advantage of suggested SnBOs
is their facile synthesis, so variety of functional groups may be easily introduced and some func-
tional groups may be even further modified. Our preliminary tests demonstrated that peripheral
CH = O formyl group reacts easily with an amine RNH, affording a Shiff base.

Based on this study, we report here the synthesis SnBOs-based macrocycles by Shiff-cou-
pling of appropriate L(Ph)Sn(O,B,(4-CH = O-CH,),), where L = {2,6-(Me,NCH,)-CH,}",
with various diamines such as 1,4-benzenediamine, ethylenediamine or amine-terminated siloxa-
nes. The synthesized materials were used for the preparation of thin layer on the silicon wafer
by the spin-coating method. The surfaces of layers were studied using IR, SEM to check the
morphologies of the layers and also by energy-dispersive X-ray EDX to determined thickness,
the refractive index and to prove the presence of main group metals in the thin films. Finally, the
hydrophobicity of surfaces was determined using contact angle measurements of water droplet.
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The semiconducting elements silicon or germanium form a rich variety of binary phases and
new structural patterns with rare-earth metals when high pressure is applied for synthesis [1-3].
The high-pressure phases often show unique silicon arrangements with unusual coordination
numbers and environments [4]. Often, the enhanced coordination in the covalent partial struc-
ture gives rise to novel bonding behavior that frequently goes beyond classical 8-N scenarios.
According to the Sm-Si phase diagram, synthesis at ambient pressure yields SmSi, _as the sil-
icon-richest phase. In an effort to realize an increased number of Si-Si contacts, silicon-rich
phases need to be synthesized at high-pressure and then quenched. In this study, we describe the
high-pressure and high-temperature synthesis of the new compound SmSi,, as well as report the
crystal structure and magnetic properties.

The metastable binary samarium trisilicide is obtained at a pressure of 9.5 GPa and a tem-
perature of 1100 K. At ambient pressure, the compound decomposes exothermally at approxi-
mately 650 K into Si and SmSi, . Single crystal data refinements reveal that the crystal structure
of the compound is isotypic to that of YbSi, [5].

The magnetic susceptibility x(T) = M/H of polycrystalline sample SmSi; measured in an
external field of 0.5T between 1.8 and 350 K, indicates van Vleck-type paramagnetic behavior
and antiferromagnetic ordering at very low temperatures (Fig. 1). Fits to the magnetic data show
a small effective magnetic moment (u ;) at low T.
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RavEAU and co-workers discovered in 1981 the first monophosphate tungsten bronze (MPTB)
W,P,0,, [1]. The formula might be re-written as (WO,), (PO,), (m = 4) to emphasize the width
of ReO,/WO,-like layers separated by phosphate groups. Since then the family of mixed-valent
tungsten phosphate bronzes has been extended with more and more complex compositions (see
reviews [2,3]). However, only recently the possibility for substitution of W** in the MPTBs by
appropriate mixed-metal combinations was discovered (e.g. (M™, WY} ,)OPO, with M™: V, Cr,
Fe, Mo, instead of WYOPO, [4]; (M"},W"),,,)O,,(PO,), with M™: V, Cr, Fe, Rh, Ir [5,6] instead of
W,0,,(PO,),[1]) The discovery of these so-called mixed-metal monophosphate tungsten bronzes
(mm-MPTBs) led to a whole new family of catalyst materials for selective oxidation of short-
chain hydrocarbons [7]. Here we report on synthesis and characterization of oxide-phosphates
(M"WY)0,,(PO,), (M™: Fe, Co, Ni) with substitution of WY by (M", W, ) in the MPTB at m = 4.

Powders of (Ni"W'))O,,(PO,), (light-green) and (Co"W'))O,,(PO,), (dark-brown) were
obtained via solution combustion synthesis [8] followed by annealing of the combustion product
in air with stepwise rising temperature (7, = 800 °C for the nickel and 700 °C for the Co com-
pound). Pale turquoise powders of the precursor of nominal composition “Fe"] ,WVIO,,(PO,),”
(SCS in air, 800 °C) were reduced by iron in sealed silica ampoules at 800 °C yielding dark-blue
(Fe"W')O,,(PO,),, due to a strong MMCT transition Fe** — W*'. Crystals of (Ni"W'})O,,(PO,),
suitable for SXRD analysis were obtained by chemical vapour transport (900 — 700 °C,
transport agent Cl,). (Ni"W"")O,,(PO,), shows in contrast to the orthorhombic symmetry of
the pure MPTB a minute monoclinic distortion. Its crystal structure refinement (P2,, Z = 1,
a=6.5021(3) A, b=5.2255(2) A, ¢ = 17.3855(7) A, B=90.162(3)°, R1 =0.0517, wR2 = 0.157,
1896 params., 123 variables) confirmed the anticipated ratio Ni/W and shows mixed occupancy
Ni/W only for the two metal sites coordinated by one phosphate group (plus five oxide ions). In
contrast, the two metal sites coordinated to three PO, tetrahedra (plus three O*") are occupied
exclusively by W. Details on synthesis, crystallographic characterization and optical spectra of
the new mm-MPTBs will be reported.
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Amino acids are the simplest biological units and are inexpensive and easy to crystallise and
demonstrate measurable piezoelectricity in single crystal and polycrystalline forms [1,3,4]. The
piezoelectric voltages produced under an applied force are inversely proportional to the dielec-
tric constant of the material and so even ‘weak’ organic piezoelectrics [2] can generate large
voltages in response to strain.

Recently, we have experimentally validated flexible glycine-based sensors for pipe leak
detection and monitoring in real-time, for a variety of flow rates and leak sizes using a custom
fluid test rig developed for the validation of PVDF patches [5]. This is the first time that glycine
crystals have been grown and characterised as a high-concentration, polycrystalline aggregate
for piezoelectric sensing [6]. However, a key limitation is that the piezoelectric response of the
film was less than that of glycine single crystals due to the random orientation of glycine crys-
tallites.

In this work, we will investigate and optimise different parameters to modulate the piezo-
electric response and increase the detection sensitivity and voltage output of amino acid-based
piezoelectric devices and characterise using various techniques. The study will highlight the
use of low-dielectric, non-centrosymmetric biomolecular crystal films for monitoring built
infra-structure systems by showing how reliably and sustainably they may be used as sensors for
pipe structural health monitoring applications.
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Magnetism is technologically most important functional property arising from electron interac-
tions. 4d and 5d systems show strong SOC effects which results in interesting physical properties
like Mott insulation and ferromagnetism, metal-insulator transition and superconductivity. [1-4]
However, correlated magnetism is less common in these systems due to small Coulomb parame-
ters (U) and large bandwidths (W) leading to stronger hybridization between the metal d orbitals
and the O 2p orbitals. In fact, among the 4d-oxide systems, mostly those containing Ru exhibit
long-range ordered magnetism. [2,5,6] Among 5d systems, Os oxides have shown to exhibit high
magnetic ordering temperatures. [7,8] Here we present, two new isostructural compounds of the
series Sr,NaM,0,, (M = Ru and Os) which crystallize in a regular perovskite structure with only
corner-sharing connectivity and 1:3 ordering of Na and M atoms on the B-sites. The Ru com-
pound shows long range AFM ordering near room temperature (T, ~270 K). The Os compound
is ferri-magnetic in nature with a high T,. of 337 K. More interestingly, a giant exchange bias like
shift of ~3.75 T accompanied by a large coercivity of upto 4.3 T is observed. Both the compounds
are semiconductors.

References

[17 Y. Maeno, H. Hashimoto et al, Nature 372, 532-534 (1994).

[2] A. Callaghan, C. W. Moeller and R. Ward, Inorg. Chem. 5, 1572—1576 (1966).

[3] Y.G.Shi,Y.F Guo, S. Yu, et al, Phys. Rev. B 80, 161104 (2009).

[4] B.J. Kim, H. Ohsumi, T. Komesu, S. Sakai et al, Science 323, 1329 (2009).

[5] C.I Hiley, D. O. Scanlon, A. A. Sokol, et al, Phys. Rev. B 92,104413 (2015).

[ Schnelle, B. E. Prasad, C. Felser, Phys. Rev. B 103, 214413(2021).

[ Thakur, T. Doert, W. Schnelle and M. Jansen, Cryst. Growth Des. 2, 2459-2464 (2021).
[

W.
71 G.
G. S. Thakur, T. C. Hansen, W. Schnelle et al, Chem. Mater. 34, 4741-4750 (2022).

S.
S.

| 163 |

P16



PRAGUE 2023

P17

Effect of concentration of conductive polymers

in zinc-pigmented epoxy-ester based anticorrosive
coatings

Y. Raycha, M. Kohl, A. Kalendova

Faculty of Chemical Technology, University of Pardubice,

Studentska 573, CZ-532 10 Pardubice, Czech Republic
* The corresponding author e-mail: yash.raycha@student.upce.cz

Keywords: anticorrosive pigment; conductive polymer; polyaniline; zinc; corrosion

Zinc-containing organic coatings are frequently employed to preserve metals, especially steel
constructions. For both financial and environmental reasons, it is sought after to find ways to
lower the zinc concentration of coating materials. The concentration of zinc put into the coating
composition determines how well a zinc coating performs in terms of protecting metal. Cathodic
protection and barrier protection mechanisms of zinc pigment provide corrosion prevention,
but sufficient zinc dose must be maintained. This work focuses on creating extremely effective
zinc coatings for good anticorrosion protection and mechanical performance because lower zinc
dosages are insufficient to achieve cathodic protection and much higher concentrations create
pores in the film that influence corrosion. [1-3] The goal of the current work is to investigate
how zinc powder and conductive polymers affect the effectiveness of epoxy-ester resin-based
anticorrosive coatings. Nontoxicity, high stability, electric conductivity, and redox potential are
advantages of conductive polymers. [4] Physical-chemical techniques were used to create and
characterize the polyaniline salts. Organic coverings with zinc content and containing the pol-
yaniline salts were then produced. In order to evaluate the coatings’ mechanical and corrosion
resistance, they underwent accelerated corrosion tests as well as mechanical tests. By using lin-
ear polarization, the organic coatings’ resistance to corrosion was also investigated. The findings
of mechanical testing, accelerated corrosion tests, and linear polarization studies show that the
type of polyaniline salts and the pigment volume concentration have an impact on the properties
of organic coatings. The crucial discovery is that the usage of polyaniline salts in zinc-containing
coatings was advantageous.
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Quantum dots (QDs) are semiconductor nanoparticles showing unique tunable photolumines-
cence (PL) which depends on their particle size and interaction between close packed QDs. In
our previous study, [1] liquid crystalline (LC) dendron-modified CdS QDs were developed. The
QDs form a self-assembled structure and show a unique optical property. Among organic soft
matters, an oligothiophene dendron is one of the hyper-branched dendritic organic semiconductor
molecules having n-conjugated oligothiophene moieties to show controllable emission property
depending on the length of the oligothiophene. In this paper, oligothiophene dendron-modified
CdS QDs was synthesized to develop new functional optical materials based on an interaction
between QDs and oligothiophenes.

Two types of CdS QDs were synthesized by a complex pyrolysis method as follows. Cad-
mium stearate, 1,1,3,3-tetramethyl thiourea, and 1-dodecanethioul (DT) were dissolved in n-oc-
tyl ether. The mixture was heated at 150 °C for 2 hours and at 230 °C for 3 hours. After centrif-
ugation, DT-modified QDs (Q) were obtained. Oligothiophene dendron [2] (7T)-modified CdS
QDs (DQ) were also prepared in the presence of equimolar 7T and DT by the similar procedure.
Fig. 1 shows transmission electron microscopy (TEM) images of Q and DQ. The sizes of Q and
DQ were 4.0 + 0.4 and 4.2 £ 0.6 nm, respectively. Fig. 2 exhibits the PL spectra of QDs and 7T
in toluene. Q showed two PL peaks at 449 and 587 nm derived from band-edge and defect-state
emission, respectively. On the other hand, DQ showed one PL peak at the same wavelength of
PL peak of 7T. The disappearance of PL of QDs core indicates that the excitation energy was
transferred from QDs to dendrons.

Q 449nm
587 nm

— DQ 538 nm
‘ — 7T 538nm

Intensity [-]
g

Fig. 1: TEM images of (a) Q and (b) DQ.
Fig. 2: PL spectra of QDs and 7T. The peak
positions are also listed.
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There is an enduring enigma surrounding the dissimilarities in ionic conductivity between glass-
es and crystals with the same chemical composition. In most cases, vitreous alloys display great-
er ionic conductivity, indicating that there must be variations in structural patterns between the
two forms. Superionic sodium crystal conductors have three-dimensional tunnels, allowing for
rapid ion migration through an unobstructed space around lattice-forming polyhedral, e.g. PX, or
SbX, tetrahedra (X = S, Se), that possess additional cationic vacancies. In contrast, the functional
characteristics of sodium vitreous alloys are heavily influenced by the order present in the glass
network at short- and intermediate-ranges, which provide the foundation for preferential con-
duction pathways and facilitates the high ionic mobility. In this regard, Na,Se—As,Se, binaries
serve as a valuable model to investigate this enigma because in addition to binary end members,
i.e., monoclinic As,Se, and face-centred cubic Na,Se, it possesses two ternary crystalline com-
positions, namely orthorhombic NaAsSe, and cubic Na,AsSe, with distinct network topology.

Chalcogenide glasses in the quasi-binary (Na,Se) (As,Se;), , 0.0 <x < 0.4, system were
synthesized using melt quenching technique and the fundamental properties were studied using
a variety of technical tools, e.g. XRD, density and DSC measurements, d.c. conductivity meas-
urements and Raman spectroscopy. XRD patterns show that the compositions are amorphous in
the domain, 0 <x < 0.3. The x = 0.4 composition corresponds to orthorhombic NaAsSe, crystal,
space group Pbca. With increasing Na,Se content, the density, @, and the glass transition temper-
ature, T, decrease. The later indicates reduced network connectivity. The room-temperature con-
ductivity, G,,, for the (Na,Se) (As,Se,), . samples, increases by two orders of magnitude, from
~10B Scem™ (x=0.0) to ~10"' S cm™ (x = 0.3). The mechanical milling (MM) technique was
used to further extend the vitreous domain and the obtained glass-ceramic MM-(Na,Se), ,(A-
s,5¢,),,c composition displays c,,, = 4 x 10® S cm™, i.e., higher by four orders of magnitude
comparing to its crystalline counterpart. Raman spectroscopy measurements recorded different
vibrational modes between glass compositions and c-NaAsSe, sample.
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At a crime scene, forensic scientists analyse the event by finding physical evidence to help eval-
uate potential scenarios. Analysing of bloodstains on clothing can be complex work and often
requires experimentation and extensive experience. For this reason, care should be taken when
interpreting blood samples. In the case of fabrics woven in twill weave, a so-called “canals
with islands” structure was observed. In this paper, the influence of the diagonally structured
woven fabric in the twill weave on the distribution of liquid and its final shape inclination will
be examined.

The binary image shows a distributed liquid drop on the diagonally structured fabric sur-
face in a twill 1/3 weave. When the drop spread over the surface, the distribution of the stain in
diagonal channels occurred. Given that the tested fabric has a lower hydrophilic character, the
distribution of the stain was intense in the directions of the diagonals, and the final shape of the
stain had an elliptical, twisted shape, as can be seen from the parameters in Tab. 1: Major axis of
fitted ellipse angle and Feret angle.

Table 1: Shape inclination descriptors

Major axis, mm 5,430
Fit ellipse Minor axis, mm 4,810
parameters
Major axis angle, © 97,163
‘ et Feret max, mm 5,720
Figure 1: parameters  pepe angle, °© 81,459

Image analysis
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Defects in crystalline structures play a vital role in their properties, so their proper characteriza-
tion is essential to understanding and improving the behaviour of the materials. In this work, their
presence in Ca,Fe,O,, has been analysed. Its structure exhibits three different iron coordination
topologies and can be described as layers of corner-sharing FeO, bipyramids stacked along the ¢
axis together with layers of edge-sharing FeO, octahedra, both being linked by FeO, tetrahedra.
Structural refinement using the Rietveld method in X-ray and neutron powder diffraction data
was not possible due to significant mismatches between the observed and calculated integrated
intensities for several peaks which was tentatively attributed to the presence of stacking faults
induced by the fact that the relative position of the FeO, tetrahedra generates three possible
stacking directions.

Selected area electron diffraction (SAED) and high-resolution scanning transmission elec-
tron microscopy (HR-STEM) images confirm the presence of a significant amount of local
defects in the material, which is consistent with experimental and simulated SAED patterns.
The FAULTS software enabled a successful refinement of the structure from both X-ray and
neutron diffraction data when considering a high concentration of planar defects, conferred by
the existence of three possible stacking directions in the crystal structure, all of them confined
in the basal plane.

Besides giving methodological insights into the investigation of defective compounds,
the work reported here provides independent and complementary validation of the FAULTS
approach via complementary techniques and hence nicely illustrates the capabilities of this pro-
gram.
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Piezoelectric materials, ubiquitous in modern day technologies, are commonly exploited as reso-
nators- often used to keep track of time, to provide a stable clock signal for digital integrated cir-
cuits, and to stabilize frequencies for radio transmitters and receivers. As such there exist many
characterisation techniques to study the converse piezoelectric effect, whereby an electrical sig-
nal is passed through the sample to induce internal strain or vibration. As we move away from
toxic conventional piezoceramics, our group’s research focuses on the design and development
of polycrystalline biomolecules for these applications. However no research currently exists on
the resonance properties of polycrystalline biomolecular assemblies, such as their resonance
frequencies or electromechanical coupling constants.

We will present the first such data on simple amino acid-based piezoelectric device compo-
nents, as well as discussing the necessary developments in electromechnical characterisation that
need to occur for efficient metrology of non-conventional piezoelectrics. The nanoscale chemis-
try that gives rise to this macroscopic actuation can be used to guide the chemical synthesis and
crystallisation of future eco-friendly piezoelectric resonators.
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Sulfur is known for its high specific capacity (1675 mAh/g) as the cathode material in Lith-
ium-sulfur batteries (LSBs). [1] The transformation of the sulfur structure during cycling is
important for its lifetime capacity. In LSBs, the limitation is the shuttling effect where different
polysulfides (S, n=1,2,...,8) are (re)produced during the oxidation reaction of sulfur with lithi-
um, and dissolve in the electrolyte. [2] As a consequence, sulfur will deposit on the lithium anode
and cause capacity loss since the cathode material is consumed in each cycle. In literature, many
studies are trying to prevent this effect, but details about the crystal structure of different species
during the shuttling have remained unclear. [3]

There are single-crystal XRD datasets for a few forms of polysulfides in the ICSD database
[4-7] which have been measured ex-situ. In the real situation, it is not practical to grow large
crystals that are suitable for single-crystal XRD during the reaction. But, electron diffraction is
more efficient for small crystals. Also, thanks to the progress in in-situ facilities developed for
TEM [8], sulfur can be studied in a gas or liquid cell. Therefore, it is possible to study the crystal
structure of polysulfides either in the stable phase (conventional powders in a gas cell) or during
a reaction for less stable phases (intermediate species in a liquid nanoreactor).

In this work, for the first time, the crystal structure of the sulfur S, phase has been studied
under a protective atmosphere with the 3D electron diffraction (3DED) method and the structure
has been solved successfully. Although the geometry of the holder tip and the nano-reactor limit
the tilting range, merging several datasets from different particles was used as a complementary
technique to add more completeness to the imported data for solving the structure.
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Recently, 3D electron diffraction (3D ED) has been employed in situ to show the structural
transformation of nanomaterials during phase transformations upon reactions such as heating
and oxidizing and reducing reactions [1-2]. 3D ED is widely used to study the crystal structure
of functional nanomaterials that are too small to study with X-ray or neutron single crystal dif-
fraction. When it comes to in situ studies of materials with 3D ED, several challenges should be
taken into account. In the presence of the liquid, the quality of the data will be decreased because
of scattering by the liquid, large inelastic scattering and reactions between the beam and the lig-
uid. In literature, the crystal structure transformation of LiFePO, upon charging in situ in liquid
was studied by decreasing the liquid thickness using the beam shower method [1]. However, this
method cannot be employed to study the structure transformations across several cycles as it
changes the properties of the electrolyte dramatically.

Here, we used a low dose method to acquire data on Li, ,Ni, ,Mn,,,Co, ,0, in the liquid
environment with 3D ED without drastically changing the electrolyte properties. We will discuss
the method in brief, the challenges to perform electrochemical measurements along with 3D ED,
the results from the in-situ transformation of NMC, and the further application of this method
for rechargeable batteries.
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Bloodstain pattern analysis provides significant information about the actual event at the crime
scene. Analyzing the shape of bloodstains is one of the key methods in forensics that allows the
forensic expert not only to reconstruct a violent crime, but also to develop technical arguments to
confirm or refute statements made in the courtroom. The shape of blood stain samples on woven
textiles are unpredictable due to the different raw material composition and the different morpho-
logical characteristics of the woven surface. In this paper, the new method will be applied and
interpretation of the blood stain shape will be performed using shape descriptors in the analysis
of the image of bloodstain pattern on plain weave woven fabric.
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Figure 1: Circularity parameter Figure 2: Solidity parameter

For the analysis, a cotton fabric in plain weave was used, with a warp and weft density of
20 threads/cm, on which one drop of colored liquid was applied. The droplet distribution was
analyzed after every 50 s until the droplet stopped spreading. Circularity and solidity parameters
were used as shape descriptors in order to establish the amount of ray shape distribution on the
surface of the woven, considering that the droplet was distributed capillary along the length of
the yarn. The Fig.1 and Fig. 2 shows that the circularity and solidity parameters are reduced by
the spread of the ray shape pattern, which confirms the effectiveness of this type of analysis on
blood pattern shape analysis.
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In this work, alkali metal intercalated niobium selenide species were synthesised using soft
chemical and high temperature methods. These compounds were analysed using x-ray diffrac-
tion and magnetometry.

Niobium Selenide is a layered member of the transition metal dichalcogenide family, which
displays structural polymorphism. The room temperature stable 2H form has a charge density
wave transition at 33.5K and a superconducting transition at 7K. Upon intercalation, supercon-
ductivity is supressed and structural changes occur. The intercalated phases show structural com-
plexity dependant on the identity and amount of the alkali metal intercalated and the synthetic
route, some forming unusual staged phases, where alkali metal occupies only some interlayer
spaces. The composition-structure-property relationships of these phases will be described.
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We report on the discovery, structural analysis, and the physical properties of the heretofore
unknown compound Nb,SiSb,, crystallizing in the Nb,SiSb,-type structure. Nb,SiSb, undergoes
a superconducting transition with a critical temperature of 7c = 1.59 K in the resistivity as well
as in the discontinuity in specific heat. Nb,SiSb, further features unoccupied sites on the 45 posi-
tion, which can be partially occupied by either Cu, Pd, or Pt. Insertion of mentioned electron
donors into the void positions of the parent compound, result in a lowered superconducting
transition temperature. The low temperature resistivity measurements show transitions to super-
conductivity at Tc = 1.16 K for Nb,Cu, ,SiSb,, Tc = 0.76 K for Nb,Pd, ,SiSb, and 7c = 0.84 K for
Nb,Pt, ,,SiSb,.

References

[1] M. D. Balestra, O. Atanov, O. Blacque, R. Lefévre, Y. H. Ng, R. Lortz, and F. O. von Rohr, J. Mater.
Chem. C, 10, 11703-11709 (2022)

| 174 |



18™ EUROPEAN CONFERENCE ON SOLID STATE CHEMISTRY

Selective ion transport of catalytic hybrid s
aerofilm Li-S batteries T

C. Senthil’, S. S. Kim', H. S. Kim', J. W. Hong", H. Y. Jung™*

" Department of Energy Engineering, Gyeongsang National University, 33 Dongjin-ro, Jinju-si,
52725, South Korea

* The corresponding author e-mail: hyjung@gnu.ac.kr

Keywords: Li-S battery; hybrid aerofilm; sulfide; ion transport; long-life

Realistic prospects of high-energy and compact lithium-sulfur (Li-S) batteries promising as
next-generation energy storages are hindered by their poor cycle life and severe self-discharge
impelled through the polysulfide dissolution. Here, we report a feasible strategy to effectively
suppress polysulfide and selectively control ion transport by applying a new-type ultralight aer-
ofilm membrane for practical Li-S batteries. Catalytic hybrid aerofilm interlayer (HAI) consist-
ing of sulfonated tetrafluoroethylene and manganese dioxide nanowires suffices physical shield
and sieve polysulfides through sulphophilicity polymer within the gaps of manganese dioxide
layers, while also imparting chemical anchoring and catalysis of Mn-O. Such cooperative syn-
ergetic effects of the hybrid aerofilm interlayer for the Li-S cells enable the realization of a high
discharge capacity of 1189 mAh/g at the end of the 500th cycle with a capacity retention of
over 92.3%, which is a 671 % improvement over sulfur battery with NO interlayer. Moreover,
the aerofilm interlayer provides Li-dendritic growth inhibition and self-discharge prevention to
retain the cycle life and safety of the device. This study presents a forward-looking strategy for
developing an ultralight-compact and high-power Li-S battery [1].
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Figure: Schematic illustration and specific capacity comparison of ultralight Li-S battery

References

[1] D. W. Kim, C. Senthil, S. M. Jung, S. Kim, H. S. Kim, J. W. Hong, J. H. Ahn, H. Y. Jung, Energy
Storage Materials, 47, 472-481 (2022)

Acknowledgments

This research was supported by the National Research Foundation of Korea (NRF) funded by the Ministry
of Education (2021R111A3A04034294) and the Ministry of Science and ICT (2021R1A4A1030318). Also,
this research was supported by Brain Pool program funded by the Ministry of Science and ICT through
the National Research Foundation of Korea (NRF-2021HID3A2A02039346, 2022H1D3A2A02081640).

| 175 |



PRAGUE 2023

P29

Solid-state electrolytes for Na-ion batteries:
exploring the synergy between metal-organic
frameworks and ionic liquids

A. Mirandona-Olaeta™? E. Goikolea’, S. Lanceros-Mendez?3, A. Fidalgo-Marijuan'?,

I. Ruiz de Larramendi’

' Departamento de Quimica Organica e Inorganica, Facultad de Ciencia y Tecnologia,
Universidad del Pais VVasco/Euskal Herriko Unibertsitatea (UPV/EHU), 48940 Leioa, Spain;

2 BCMaterials, Basque Center for Materials, Applications and Nanostructures,
UPV/EHU Science Park, 48940, Leioa, Spain;

3 |kerbasque, Basque Foundation for Science, Bilbao, Spain

* The corresponding author e-mail: idoia.ruizdelarramendi@ehu.eus

Keywords: metal-organic framework; ionic liquid; solid-state electrolyte; battery; sodium

The intermittent nature of renewable energy sources such as solar or wind causes a high demand
for energy storage systems. In this context, lithium-ion batteries (LIBs) comprise the majority
of the electrochemical energy storage market, although problems arising from the use of lithi-
um (such as its limited abundance and the increasing cost of lithium resources) have driven the
exploration of alternative systems such as sodium-ion batteries (NIBs). Both systems, LIBs and
NIBs, conventionally use liquid-based organic electrolytes that carry safety problems. For this
reason, the next generation of metal-ion batteries will be based on the use of solid electrolytes
(solid-state batteries), since they prevent the leaks, do not require volatile solvents and adapt
easily to temperature changes due to their high thermal stability. [1] In addition, these solid elec-
trolytes are compatible with the use of Li or Na metal anodes, providing a significant increase
in both volumetric and gravimetric energy density. This work focuses on combating two of the
main challenges related to the implementation of solid electrolytes in metal-ion batteries: low
ionic conductivity and the formation of inefficient electrode-electrolyte interfaces. A family of
hybrid electrolytes produced from the combination of metal-organic frameworks (MOFs) with
ionic liquids (ILs) is developed. The robustness of the MOFs inhibits the growth of dendrites,
while the IL facilitates ionic mobility and favour better contact at the electrode-electrolyte inter-
faces. In this work, Zn-MOF-74 has been selected due to the dimension of the channels (10.3 x
5.5 A?), which are optimal for introducing different amounts of sodium-enriched [EMIm][TFSI]
ILs. In addition, Zn-MOF-74 presents a fast and simple synthesis method, easily reproducible on
a larger scale, and is environmentally friendly. The solid electrolyte developed exhibits an ionic
conductivity of 4-10* S cm™ at 20 °C. This value supports the starting hypothesis, according
to which the metal cations (Na") move through the periodically well-organized channels of the
MOF, allowing a more homogeneous and orderly deposition/release of the sodium in charge/
discharge processes.
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Li-ion batteries have transformed daily life by acting as energy dense, rechargeable power sourc-
es for a wide range of electronic devices. As part of the UK Faraday Institute FutureCat project [1]
we are investigating a range of new lithium-ion battery cathode materials for application in
all-electric vehicles. In addition to the normal requirements of maximizing energy density and
power output, as part of this project we are also trying to move away from cobalt-based materials
due to their poor environmental impacts; we have focused on materials containing earth-abun-
dant elements, with a particular emphasis on iron-based materials. Most of the iron, in particu-
lar, Fe** materials, that have been investigated to-date suffer from a capacity loss after long
term cycling, although a good performance can be achieved for the first cycle [2]. This capacity
loss is generally attributed to the easy migration of Fe*" between different coordination sites.
To get more insight into these issues, we are currently investigating a novel Fe-based system,
LiFe, In SbO, [3].

In the present work, we have performed a detailed structural characterization of the differ-
ent members of the solid solution, as well as their electrochemical properties. Additionally, We
have performed Li (de)intercalation procedures on these phases through different topochemical
approaches to yield lithiated and delithiated materials. Based on these results, we will discuss
the implications of partial substitution of Fe by In over the electrochemical performance of these
Fe-based materials.
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The high cost and poor durability are the main problems preventing the wide application of
the commercial 20 wt% Pt/C catalyst in oxygen reduction reaction (ORR). Hence, lowering
the percentage of Pt as well as boosting the stability of electrocatalysts are highly desirable.
In this research, the active Pt-N-C catalyst with ultrasmall amount of Pt was synthesized from
the porous MOF-808(Zr)-NH, nanoparticles. By simple Pt impregnation into MOF particles
followed by carbonization, the Pt-N-C with a uniform octahedral morphology was obtained,
showing the large surface area and mesoporous structure. The high ORR activity of the nanos-
tructured Pt-N-C catalyst was demonstrated by the electrochemical analysis, which revealed the
high half-wave potential, onset potential as well as the limited current density in both acidic and
alkaline environments. Furthermore, as-synthesized low-Pt-content catalysts exhibited a 4-elec-
tron pathway of ORR with very low peroxide yield. In particular, the durability tests showed that
the Pt-N-C catalyst achieved high stability, which was better than the commercial 20 wt% Pt/C
catalyst. Therefore, this study provides a promising strategy for reducing the amount of precious
Pt metal and improving the long-term stability for of the ORR performance.

| 178 |



18™ EUROPEAN CONFERENCE ON SOLID STATE CHEMISTRY

Upcycling Lithium Titanate (LTO) anodes .
into the next generation of high power a2

Ti Doped Nb,O. Anodes (TNO)

A. ). Green'?, E. H. Driscoll'?, P. R. Slater?

" School of Chemistry, University of Birmingham, Birmingham B15 2TT, UK;

2 The Faraday Institution, Harwell Science and Innovation Campus, Didcot 0X11 ORA, U.K
* The corresponding author e-mail: ajg119(@student.bham.ac.uk

Keywords: lithium titanate; anode; lithium ion; high power; niobates

The growth and popularity of Lithium-ion batteries (LIBs) has been increasing since the drive
for ‘net zero’ was announced by numerous countries around the world. This demand will ulti-
mately put stress on existing natural resources resulting in the inevitable need to recycle these
LIBs to preserve the valuable metals inside these batteries. High power anodes are an important
area in the field of LIBs, that is increasing in popularity, due to the increased safety and their
ability to charge and discharge at fast rates, which is essential for high power applications (e.g.
drones, motorsports, power tools, HEV). Lithium titanate (LTO) has been used in commercial
high power batteries, however, LTO has many limitations, including a low theoretical capacity
and low energy density due to its high operating voltage (1.55 V Vs Li+/Li) [1]. With these
drawbacks there has been a rising interest in niobate anodes as the next generation of high power
anodes. These anodes have a Wadsley-Roth structure that contain corner-sharing distorted octa-
hedra which form ReO,- like channels that facilitates fast Li+ ion diffusivity. Within the structure
there are crystallographic shear planes, created by edge-sharing octahedra, which enhances the
stability of the structure [2,3]. Given the fact that these Wadsley Roth phases have started to
supersede LTO as the anode in high power batteries, we have been investigating the possibility
to upcycle spent LTO anodes into Wadsley Roth Ti-Nb-O anodes. We illustrate a route to this,
along with associated Li recovery.
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The production of lithium-ion batteries (LIBs) relies on availability of scarce resources such as
lithium ore. Therefore, LIBs should be reserved for high power density applications (such as
portable devices and electric vehicles) rather than employed in stationary applications (such as
for example, the storage of excess renewable energy). In the context of stationary devices, less
power dense but cheap in production and recycling, aqueous zinc ion batteries (AZIBs) may
provide a better alternative to LIBs [1]. However, better understanding is required of AZIBs.
Studies of well-defined intercalation system similar in behavior to Li-ion cathodes are essential
for a better understanding of how to build an improved AZIB systems.

In this work, we focused on Mo,S, — ZnMo,S, system which shows charge — discharge
curves consistent with an intercalation behaviour [2,3]. ZnMo,S, was synthesized directly from
the elements by heating stoichiometric amounts of elements in sealed ampoules at 1050 °C. In
comparison, Mo.S, was prepared by deintercalation of Cu from Cu,MoS, with 1 M Fe(NO,),
in water. After the targeted phases and composition were confirmed by PXRD and EDX, the
materials were tested in two electrode system using 1 M ZnSO, in water as electrolyte and Zn as
counter electrode. The cycling voltammetry (CV) measurements showed two distinct peaks con-
sistent with a reversible intercalation and deintercalation of only one zinc in the host materials.
The galvanostatic charge discharge (GCD) tests showed flat plateaus which were in accordance
with the CV curves. Finally, we discuss the difference in electrochemical performance of Mo, S,
and ZnMo S, to elucidate the intercalation mechanism and provide some future strategies for the
optimization of AZIBs.
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Fast-ion conductors are crucial for the development of all-solid-state batteries(ASSBs), foreseen
as next-generation energy storage devices. Lithium-containing solid electrolytes of the argy-
rodite structural family (Li"),(PS,)*S* X" (X = Cl, Br, I) are a promising class of sulfide based
lithium ionic conductors owing to their high ionic conductivity and ductility [1]. The high-tem-
perature polymorph of these materials crystallizes into tetrahedrally close-packed anion lattice
in the cubic space group and exhibits X/S* site disorder which has a direct correlation with high
lithium ion conductivities. However, this class of materials still presents several shortcomings
such as low moisture stability, interfacial reactivity with lithium metal anode and instability to
high voltage cathodes. These challenges can be overcome by fine-tuning the argyrodite compo-
sition via wide range of cationic and/or anionic substitutions and by systematically engineering
the X7/S? site disorder through modification of the synthesis conditions [2-3].

From this perspective, we have examined the compositional space of cation/anion sub-
stituted argyrodites and the influence of chemical substitution on the crystal structure and ion
transport properties. In this work, we optimized the synthesis conditions (ball-milling, annealing,
quenching, ...) to find the optimal balance between crystallite size and site disorder so as to get
the best ionic conductivity. Additionally, we focused on investigating and understanding how
substitutions might affect the moisture stability and Li metal compatibility and thereby making
argyrodites an ideal class of solid electrolyte for finding practical applications in ASSBs.
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The Wadsley-Roth TiNb,O, block phase has recently emerged as a promising anode material for
Li-ion batteries and a motivating alternative to Li, Ti,O,, spinel [1]. Its redox chemistry accounts
for a large theoretical capacity (387,7 mAh/g) and minimizes dendrites/SEI formation and the
structural characteristics provide robustness and stability as well as 2D structural channels for
a good rate capability of the material. These properties, however, are overshadowed by the low
electronic conductivity and poor diffusion kinetics of Li. Various strategies have been used to
surpass these shortcomings, among them doping with heteroatoms with the aim of improving
electronic conductivity through charge compensation or reducing particle size, through the syn-
thesis process, to reduce the lithium diffusion pathway. In this work, we present preliminary
results on the impact of two different approaches on the electrochemical activity of TiNb,O..

In order to favor the kinetics of Li intercalation/deintercalation, we have performed the
partial isovalent substitution of Ti by Zr in the series Ti, Zr Nb,O, (x =0 — 0.5). The beneficial
effect of the presence of Zr reaches its maximum in the interval x = 0.1— 0.2, limit composition
of the solid solution, with a capacity of 300 mAh/g. Higher Zr contents cause the formation of
Ti,Nb,,O,, as secondary phase, to the detriment of the specific capacity of the materials. Ongoing
microstructural characterization by means of HR-STEM will allow to correlate the local effect of
the presence of Zr in the structure with the macroscopic response of the material.

On the other hand, oxygen vacancies creation is a simple way of modifying electronic prop-
erties. In this work we attempted the synthesis of reduced TiNb,O, by using different controlled
reductive atmospheres. Partial reduction keeping the block structure led in all cases to very low
concentrations of vacancies, 0.1-0.3%, concentration close to 1% onwards, is associated with
the formation of the TiNb,O, rutile phase, which is a unique phase for 14.3% vacancies. Pre-
liminary characterization show a significant increase of capacity (200 mAh/g) with respect to
TiNbO, [2]. Interestingly, EELs spectra show the reduction of Nb>* to Nb*" and the presence of
mixed Ti*/Ti** related to the charge storage capacity.
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Titanium oxides and titanates have been widely investigated as negative electrode materials for
lithium-ion batteries and some of them successfully commercialized. Among titanates, rams-
dellite LiTi,O, exhibits an interesting electrochemical behavior in both lithium insertion and
extraction reactions due to the presence of a mixed transition metal oxidation state (LiTi*' Ti**O,).
Replacement of Ti** by other transition metals as V** and Cr** has been researched to get a dual
electrode [1-2].

In this work, Ti/Fe substitution of the ramsdellite compound LiTi,O, has been performed
yielding electrode materials with general stoichiometry LiFe Ti, O,, prepared by the ceramic
method up to 1300 °C. Samples with 0 < x < 0.5 resulted in well crystallized orthorhombic rams-
dellite phases, space group Pbnm, while samples with x > 0.5 formed spinel, space group Fd-3m,
as revealed by powder X-ray diffraction.

The ramsdellites were further investigated with X-EDS microanalysis, ’Fe Mossbauer
spectroscopy and lithium (de-)intercalation. This allowed to get a full insight into the Ti/Fe
substitution mechanism, which turned out to be rather more complex than a predicted simple
M3* isovalent substitution, with participation of Fe**/Fe?" and Ti**/Ti*". Upon testing against lith-
ium in the low voltage range (ocv-1 V), ramsdellite with low Ti/Fe substitution LiFe, ,.Ti, ;,s0,
outperformed undoped LiTi,0, electrochemically, by delivering a 1* cycle capacity of 180 mAh
g at C/30 (5.3 mA g') stabilized at 140 mAh g' upon cycling, compared to 120 and 80 mAh
g, respectively in LiTi,O,. Two active redox pairs, Ti*** and Fe*"?*, a high lithium diffusion
coefficient and better electrical properties due to the presence of metallic iron, boosting farther
electronic conductivity in LiFe, ,,sTi, ,,O,, allow a noticeable capacity of 71 mAh g™ still to be
held at a high current of 2C (320 mA g™'). In the high voltage range (ocv-4V), LiFe, ,.Ti, ,,.O,
also outmatched electrochemically higher Fe-substituted ramsdellites, which are characterized
by important irreversible capacity ascribed to unavailability of Fe**/Fe* redox couple and elec-
trolyte decomposition.
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Copper and Zinc doped Lithium titanates Li(4-x) CuxTi(5-x) ZnO,, (CZ-LTO) were successfully
prepared as anode materials by sol-gel method. The concentration of dopants (x = Cu*",Zn*") was
varied from x = 0.03 to 0.14 to find the optimal concentration with ideal electrical properties.
The effect of using different carbon-based materials on the kinetic feature of all prepared anodes
was examined, which showed that the Li* distribution in the anode raised significantly when CB
was used in preparing the electrode. The phase structure and morphology were characterized by
X-ray diffraction (XRD), scanning electronic microscope (SEM) and Fourier Transform Infrared
(FTIR). The XRD analysis revealed that the spinel-type LTO was obtained and the two dopants,
Cu*" and Zn*, inserted in the LTO structure effectively causing no significant changes in the
phase structure and the crystallinity. SEM images exhibited that all prepared powders had com-
parable size particles distributed from 88—120 nm. The electrochemical properties were tested
using Potentiostat Galvanostat.
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Metallic nanowire arrays are promising components for nanotechnology thanks to their direc-
tional, continuous, longitudinal structure. Nanowires made from alloys of two or more metals
are beneficial for certain applications such as catalysis and magnetism. The alloy composition
influences the properties of the nanowires, and certain metal ratios show improved properties
compared to those of their individual constituents. Yet, creating these nanowire arrays requires
enhanced control over their composition and organization. This requirement may be answered
by using block copolymer films, which provide three advantages: (a) they exhibit periodic arrays
with typical periodicities of a few tens of nanometers; (b) the domains could be aligned using
patterned substrates; (c) selective impregnation of the films with metal precursors and subse-
quent plasma treatment affords metallic nanowire arrays that are organized in a periodic fashion.
In this work, we use block copolymer films to create arrays of alloy nanowires with con-
trolled compositions. We achieve this control by studying how different impregnation parame-
ters affect the amount of metal in the nanowires and the metal ratio in alloys. Namely, impreg-
nating with palladium precursors, followed by platinum precursors for different durations, shows
how one metal increases over the other, and the rate of metal precursor replacement in the film.
Additionally, impregnating with a mixture of palladium and platinum precursors in different
ratios gives different Pd-Pt alloys, and elucidates the affinity of each metal to the film. These
experiments give an understanding of the interaction between the metal precursors and the pol-
ymer film and lay a foundation for fabricating alloy nanowires with controlled compositions.

Figure: SEM image of a nanowire array made with a block copolymer template, with alternating arrangement
of PdPt alloy nanowires and pure palladium nanowires [1].
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The revelation of the atomic 3D structure of sub-5 nm bimetal nanocatalysts challenges the
limitations of conventional methods. Notably, the identification of the cooperative relationship
between the active sites and nearby coordination environment during catalytic reactions depends
on the stereo distribution of local phases and chemical composition within a short range. As
a model nanocatalyst in our investigation, we studied the ordered PtFe bimetals in hydrogen
evolution reactions (HER). By combining pair distribution functions with reverse Monte Carlo,
local-range phase symmetry, chemical composition, and atom distribution were determined. The
segregation of local phase segments as disordered Pt-rich A1 and Pt,Fe L1, phases can be attrib-
uted to the marked improvement of HER activity and stability in Pt Fe,,. Following the etching
of the outermost-surface Fe, the remaining disordered segregation offered a large number of
active Pt sites for discharge and electrochemical desorption reactions. It resulted in local-bond-
ing Pt pairs that made it easier for adsorbed hydrogen atoms to recombine. The current research
will provide structural insight into the local range for bimetal nanocatalysts and be valuable for
the creation of new, low-cost nanocatalysts.

4 , ‘& -'L_
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Throughout the last two decades, metal organic frameworks (MOFs) have been extensively stud-
ied because of their capability of incorporating molecules and ions into the pores of the 3D
crystal structure. Optical sensors, optoelectronic or medical applications are highly interesting
applications of luminescent MOFs. The sensitizer effect of organic linkers makes lanthanides
remarkable phosphors besides other advantages. [1]

This work approaches the question if downsizing to nanometer range (YMOF) has an impact
on the performance of MOFs. Therefore, nanosized “Ln-bdc, "DUT 5(Ln) and “MOF 253(Ln)
(Ln = Eu, Tb) have been synthesized by a surfactant approach and investigated regarding their
morphological and photophysical properties. Insertion of lanthanides was carried out by either
in situ synthesis or post impregnation.

In principle, YMOFs achieve a better dispersibility and stability in dispersions by having
a homogenous small particle size and size distribution. The above-mentioned Y"MOFs were exam-
ined using dynamic light scattering and scanning electron microscopy and show narrow particle
size distributions of 20-60 nm. Miniaturized crystals (i.e., a few unit cells) lead to a reduction
of crystallinity and long-range order within the crystal. As a consequence, reflections in powder
diffractometry become broader for all three YMOFs in accordance with the nanoscale of the
crystallites. [2]

Moreover, *Tb-bdc exhibits an excellent quantum yield of 78%, despite the additional
surfactant content leading to an additional broad absorption band at 400-600 nm recorded by
UV-Vis diffuse reflectance spectroscopy. Depending on the YMOF and lanthanide, the energy
transfer processes can be even more efficient. Furthermore, excitation and emission photolumi-
nescence spectra endorse the phenomenon of improved energy transfer efficiency.

The "MOFs discussed exhibit morphological properties as well as photophysical results
that make them highly interesting for further investigation for the potential optical applications
mentioned above.
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Probably the most widely used hydrophobic compounds reducing the surface energy are fluo-
rocarbons represented by poly(tetrafluoroethylene). Despite very good hydrophobic properties,
fluorocarbons show certain limits, especially price and hazardous behavior on the environment.
Thus, research of fluorine-free materials for a hydrophobic coating is actual. Accordingly, sever-
al alternative routes using non-fluorinated compounds were proposed such as long alkyl chains,
long-chain fatty acids, organosilanes, polysiloxanes (especially polydimethylsiloxane PDMS) or
polymers with combined chemistry.! However, these non-fluorinated compounds often do not
exhibit such good hydrophobic properties as fluorinated materials. For this reason, these materi-
als are used in the combination with various additives, which can both further reduce the surface
energy but also create a suitable roughness of the solid substrate. Here we report the synthesis
of N—M intramolecularly coordinated heteroboroxines (HBO) having the central six membered
ring MB,O, where M is Ga or Sn.” The main advantage of the HBO is their solubility in organic
solvents or polymers, which allows an easy preparation of thin layers containing the HBOs by
printing or spin coating. New HBOs were tested as additives in already known polymer
matrices and finally, the resulting thin layers were tested as suitable hydrophobic materials.
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Figure 1: The photos of water droplet on PE coated with silanized polyacrylate (left)
and on PE coated with silanized polyacrylate in combination with stannaboroxine (right).
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Synthesis of tellurium-based materials via chemical synthesis is usually based on the reduction of
the tellurium source (for example Na,TeO, or TeCl,) [1] together with (semi)metallic source (Gel,
or SnCl,) [2] at the elevated temperatures (above 150 °C) for several hours. There are also reports
showing that similar procedure in the presence of second metallic source (for example InCl,,
In(NO,),) or even the metallic nanoparticles (NPs) may provide doped telluride materials [3].
The presence of NPs with various diameters gives the possibility to control the dimensions of
nanostructures of tellurium-based materials [4]. Contrary, the reports of chemical synthesis at
room temperatures are in fact unknown.

The aim of this work is preparation of GeTe nanoparticles by low temperature synthetic
method by the help new organometallic precursors. Different preparation methods and character-
ization GeTe nanoparticles will be discussed. The characterization of prepared nanomaterial was
performed on the basis of scanning electron microscopy with energy-dispersive X-ray analysis,
X-ray diffraction, Raman spectroscopy and dynamic light scattering.
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Sr,NiO,Cu,Se,, comprising alternating [Sr,NiO,]*" and [Cu,Se,]* layers, is reported. Powder
neutron diffraction shows that the Ni** ions, which are in a highly distended NiO,Se, environ-
ment with D,, symmetry, adopt a high-spin configuration and carry localised magnetic moments
which order antiferromagnetically below ~160 K in a \2a x \2a x 2¢ expansion of the nuclear
cell with an ordered moment of 1.31(2) p,, per Ni** ion. The adoption of the high spin configu-
ration for this d® cation in a pseudo-square planar ligand field is supported by consideration of
the experimental bond lengths and the results of Density Functional Theory (DFT) calculations.
This is in contrast to the sulfide analogue Sr,NiO,Cu,S,, which according to both experiment and
DFT calculations has a much more distended ligand field more consistent with a low spin config-
uration, which is commonly found for square planar Ni** and supported by the fact that there is
no evidence for a magnetic moment on the Ni** ions. Examination of the solid solution Sr,NiO-
,Cu,(Se, . S)), shows direct evidence from the evolution of the crystal structure and the magnetic
ordering for the transition from high-spin selenide-rich compounds to low-spin sulfide-rich com-
pounds. Close consideration of the experimental and computed Ni coordination environments
and subtle changes in the Ni coordination environment as a function of temperature in addition
to transitions evident in the transport properties and magnetic susceptibilities in both the end
members, Sr,NiO,Cu,Se, and Sr,NiO,Cu,S,, suggest that simple high-spin and low-spin models
for Ni** may not be entirely appropriate and point to further complexities in these compounds.

Acknowledgments

This work was supported by the UK EPSRC (Grants EP/P018874/1, EP/R042594/1, EP/T027991/1 and
EP/M020517/1), ISIS pulsed neutron and muon source (DOI: 10.5286/ISIS.E.RB2000047, 10.5286/
ISIS.E.RB1620080 and 10.5286/ISIS.E.RB2000252), Diamond Light Source Ltd (EE13284, EE18786 and
CY25166) and the ESRF (CH-5335).

| 190 |



18™ EUROPEAN CONFERENCE ON SOLID STATE CHEMISTRY

Ca,Fe, 0,5, Se (x=0,0.5, 1, 1.5)

A. Gillette’, B. Sheath’, S. ). Clarke’

" Department of Chemistry, University of Oxford, Inorganic Chemistry Laboratory,
South Parks Road, 0X1 3QR, U.K.

* The corresponding author email: simon.clarke@chem.ox.ac.uk

Keywords: mixed-valent; magnetic ordering; neutron scattering; layered oxychalcogenides

The oxychalcogenides Ca,Fe, O,S, Se (0 < x < 1) (originally reported by Zhang et. al. in
2016M are mixed-valent compounds of Fe* and Fe’* cations in FeO, and Fe,O square layers,
which are anti-types one another, separated by calcium chalcogenide slabs. The Fe,O layers
are Fe-deficient and as the Se content increases, the iron/vacancy ordering is suppressed within
these layers. The results of neutron and synchrotron X-ray powder diffraction experiments which
reveal the complex magnetic ordering and subtle structural features of these compounds both as
functions of temperature and of composition will be described along with preliminary analysis
of further related compounds.
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The discovery of high-temperature superconductivity in La(O,F)FeAs has sparked renewed
interest in intermetallics bearing the square anti-fluorite layers of M, X, (M = transition metal,
X = pnictide or chalcogenide), since this is where superconductivity is believed to occur. [1]
The tetragonal FeSe, composed of anti-fluorite layers of Fe,Se,, has been found to be supercon-
ducting at 8K. [2] Upon insertion of an alkali metal into this structure, a new phase — AFe,Se, —
emerges, with an increased superconducting transition temperature of 30K. [3] AFe,Se, belongs
to the 122 family of iron-based superconductors, adapting a versatile ThCr,Si,-type structure,
which has been known to demonstrate diverse magnetic phenomena.** In this research, we are
exploring the magnetic regions of nickel and cobalt-based 122 phases, which adapt the ThCr-
,Si,-type structure. The solid solutions of KNi, Co Se, and RbNi, Co, Se, are both particularly
interesting in terms of the magnetic states present in the members of their respective members;
KNi,Se, is superconducting, while KCo,Se, is ferromagnetic, and the newly reported middle
member — KNiCoSe, — shows antiferromagnetic behaviour. RbNi,Se, is a new, unreported phase
and is an antiferromagnet, while RbNiCoSe, and RbCo,Se, are both ferromagnets. Therefore,
our study shows the tuning of magnetism as a function of composition across the solid solution
series of KNi, Co _Se, andRbNi, Co Se,.
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Members of the 4,[Mo,0,]-AX family of compounds with 4 = K, Rb, Cs and X = Cl, Br, I, can
be prepared from reacting 4,Mo00, with MoO; in alkaline metal halide fluxes [1]. The isotypic
compounds crystallize in the space group P6,/mmc. The crystal structure consists of isolated
[Mo,0,]* units centered in a hetero-honeycomb layer. An interesting feature of these multi-ani-
onic compounds is the pyromolybdate anion in a rare D, symmetry. Here, we present the assign-
ment of lattice modes as a function of X for the Cs-series based on polarized single-crystal
Raman spectra. In order to distinguish those modes representative of the two crystallographically
independent alkaline metal sites, we include the Rb,[Mo0,0,]-RbCl and KCs[Mo,0,]-CsCl deriv-
atives.

The focus of this study extents to explore the stiffness of the two dissimilar structural ani-
onic entities by temperature dependent Raman scattering experiments. We show the increase
in energy for the fundamental [Mo,0,]* stretching modes with decreasing temperature, while
in contrast the in-plane modes related to the halide-part of the structure soften. Furthermore,
intriguing insights into the interplay of the hetero-honeycomb layer on the symmetry reduction
of the pyromolybdate will be discussed.
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Metal oxides often require high temperatures or polar solvents for reactions due to their ionic
bonding and high lattice energy. However, high temperatures typically lead to the most stable
product and prevent the formation of novel metastable compounds. Selenium dioxide is a prom-
ising starting material, possesing certain covalent bonding components and less high lattice
energy than most metal oxides, while not being a molecular compound. Since polar solvents
often form coordination compounds with metal oxides in order to dissolute them, we used an
Ionic Liquid as solvent [1].

Here, we present the novel oxochloridoselenites [BMIm][Se,Cl,;O] 1, [BMIm],[Se,C-
1,,0,] 2, [BMPyr],[Se,Cl,,0,] 3, [BMPyr],[Se,Cl,,0,] 4 and [BMPyr],[Se,Cl,0,] 5 ([BMIm] =
1-butyl-3-methylimidazolium; [BMPyr] = 1-butyl-1-methylpyrrolidinium). 1-4 were obtained
by the reaction of SeO,, SeCl,, (AICL,) and [BMIm]CI or [BMPyr]CI at 60-80°C. 1-4 consist
of oxochloridoselenites, whose structures are derived from the tetrameric cubane-like [SeCl,],,
which shows stepwise degradation in the presence of Lewis bases (SeO,). Depending on the sto-
ichiometry and temperature, one to
four SeCl,O units are bound to edge-
linked [SeCl,]* octahedra, which
remained from the degradation of
[SeCl,],. The addition of SeOCl, to
the reactants (SeO,, SeCl,, [BMPyr]
Cl) at room temperature leads to 5
with an anionic structure, which con-
sists of an edge-linked square pyram-
idal [Se,C1,0,]*" unit with SeCLO
units bound to the bridging chlorine.
All compounds were characterized
by single crystal X-ray diffraction
as well as X-ray powder diffraction,
infrared spectroscopy and thermal
analysis [2].
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Beryllium nitrides are known for their high incompressibility and hardness. One example is the
ultra-incompressible spinel modification of BeP,N, with a bulk modulus of 325(8) GPa [1,2].
The synthesis of hard and low density materials is a favourable aim in the field of current nitride
research.

In this contribution, we report about the high-pressure high-temperature synthesis of the
novel wurtzite-type Be,PN, and its characterization by means of PXRD, TEM, UV-VIS spec-
troscopy and FTIR. Moreover, we present DFT-calculations examining the elastic properties.

Be,PN, was synthesized by the reaction of stoichiometric amounts of Be,N, and P,N, in
a HP-/HT approach at 9 GPa and 1500 °C in a large volume press.

The crystal structure (Cmc2, (no. 36), Z =4, a = 8.4524(2), b = 4.8812(1), c = 4.57422(9)
A) was solved and refined based on powder X-ray diffraction data and confirmed by tilt series
measured with a transmission electron microscope as well as FTIR spectroscopy.

The wurtzite-analogue structure is built up of all corner sharing PN,- and BeN,-tetrahedra
resulting in a coordination description of Be,'PI*IN, [4]. The tetrahedra form dreier rings [3]. In
each layer PN -tetrahedra are surrounded by six BeN -tetrahedra. The N atoms possess two dif-
ferent coordination environments: N1 is surrounded by three Be atoms and one P atom, whereas
N2 is surrounded by two Be and two P atoms.

Elastic properties were calculated with the Vienna Ab initio Simulation Package (VASP).
Considering the results for Bulk- and Shear-Modulus a Vickers hardness of ca. 28 GPa was
determined. Wurtzite-type Be,PN, is expected to be harder than SiC and WC (both 25 GPa) and
is in the same range with WB, (28 GPa) or VC (29 GPa) [4].

References

[1] F. J. Pucher, S. R. Roémer, F. W. Karau, W. Schnick, Chem. Eur. J. 2010, 16, 7208.

[2] S. Vogel, M. Bykov, E. Bykova, S. Wendl, S. D. KloB, A. Pakhomova, N. Dubrovinskaia, L. Dubro-
vinsky, W. Schnick, Angew. Chem. 2020, 132, 2752; Angew. Chem. Int. Ed. 2020, 59, 2730.

[3] F. Liebau, Structural Chemistry of Silicates, Springer, Berlin, 1985.

[4] Friedrich, B. Winkler, E. A. Juarez-Arellano, L. Bayarjargal, Materials 2011, 4, 1648—1692.

Acknowledgments

Financial support by the Friedrich-Naumann-Foundation for a PhD fellowship for G.K. is gratefully
acknowledged.

| 195 |

P48



PRAGUE 2023

P49

lonic-liquid-based synthesis of Ge;N, nanoparticles

F.Jung™, C. Feldmann’

" Institute for Inorganic chemistry, Karlsruhe Institute of Technology,
Engesserstral3e 15, 76131 Karlsruhe, Germany

* The corresponding author e-mail: felix.jung(@kit.edu

Keywords: germanium nitride; ionic liquid; nanomaterial; semiconductor; photoluminescence

With the discovery of GaN as a luminescent compound in blue-light emitting diodes (LEDs),
nitride-based semiconductors received considerable attention despite their often demanding syn-
thesis. [1] By reducing the particle size to few nanometers, the optical properties of semicon-
ductors can be tuned due to quantum confinement, but their higher surface area and associated
reactivity also increase the risk of hydrolysis. By adaptation of the synthesis route for GaN
nanoparticles employed by Gaiser et al. [2], Ge,N, nanoparticles were prepared in a liquid-phase
synthesis for the first time.

For this purpose, Ge(NH), was synthesized by reaction of Gel, with KNH, in liquid NH,.
The imide was suspended in [Bu,MeN][NTT,], a room-temperature ionic liquid, and subsequent-
ly heated to 290 °C for 1 h for crystallization. Washing with acetonitrile and subsequent drying
under reduced pressure yielded Ge,N, as a colorless powder.

Successful decomposition of Ge(NH), to Ge,N, was confirmed by infrared spectroscopy
(IR), elemental analysis and energy-dispersive X-ray spectroscopy (EDXS). Powder X-ray dif-
fraction (PXRD) and high resolution transmission electron microscopy (HRTEM) showed over-
all low crystallinity, but indicated the presence of crystalline Ge,N, particles with a mean diame-
ter of 4.7 £ 1.2 nm. A direct optical band gap of 4.1 eV was determined by UV-Vis spectroscopy,
and the obtained powder showed green fluorescence with a broad emission peak centered around
540 nm. [4] A photoluminescence quantum yield of 14 = 1 % was measured for the obtained
Ge;N, nanoparticles.

Figure: a) Suspension of washed Ge,;N, nanoparticles in acetonitrile and b) HRTEM image of a Ge;N,
nanoparticle showing lattice fringes. The measured lattice fringe spacing of 2.29 A corresponds to d(202) of
a-Ge;N,. [3]
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Owing to their widespread properties, nitridophosphates are of high interest in current research.
Explorative high-pressure high-temperature investigations yielded various compounds with stoi-
chiometry MP,N, (M = Be, Ca, Sr, Ba, Mn, Cd), which are discussed as ultra-hard or luminescent
materials, when doped with Eu**. [1]

Here, we report the first germanium nitridophosphate, GeP,N,, synthesized from Ge,N, and
P.N, at 6 GPa and 800 °C. [2] The structure was determined by single-crystal X-ray diffraction
and confirmed as main constituent in corresponding samples by Rietveld refinement. Further
characterization was done by energy-dispersive X-ray spectroscopy, density functional theory
calculations, IR and NMR spectroscopy. The highly condensed network of PN,-tetrahedra and
GeN, trigonal pyramids shows a strong structural divergence to other MP,N, compounds, which
is attributed to the stereochemical influence of the lone pair of Ge**. Thus, the formal exchange
of alkaline earth cations with Ge** may open access to various compounds with literature-known
stoichiometry, however, new structures and properties.

Figure 1: a) Structure of GeP,N, consisting of undulated chains of PN, tetrahedra (blue, orange) and Ge** ions
(green). b) Polyhedra of the GeP,N, structure.
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Inorganic antiperovskites with the formula X;AN (X = Ba, Sr, Ca, Mg; 4 = As, Sb) have recently
been reported to exhibit excellent optoelectronic properties like small carrier effective masses,
suitable direct bandgaps, high optical absorption coefficients as well as allowed optical transi-
tions at band edges. These properties can be tuned depending on the X and 4 site. Extending the
composition to quaternary antiperovskites (X,44'N2) enables the enlargement of the theoretical
maximum solar cell efficiencies to above 29%. [1-2]

Here we report on the ammonothermal synthesis of Ca;,AsSb(NH),. The compound crys-
tallizes in the tetragonal space group P4/mmm. Its crystal structure was solved and refined by
scXRD leading to an X/A which could be also confirmed by SEM-EDX measurements. Further
investigations were carried out using powder X-ray diffraction, UV/Vis-spectroscopy and densi-
ty functional theory calculations.

The new imide compound feature a distorted square-pyramidal coordination geometry
around the imide-group (Ca,NH). The structure shows layers of Ca2+ vacancies with an alter-
nating As* and Sb* coordination along the A4-site. Due to the alternating orientation of the imi-
de-groups and the introduced vacancies, two different A-site coordination can be observed name-
ly a Ca,As-cube and a Ca,,Sb-cuboctahedra. The photovoltaic-related properties are currently
being investigated.
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Bichalcogenides offer a particularly versatile multi-anion chemistry [1]. Through a chemical
reaction in a salt melt it was possible to obtain two different modifications of compound Fe,SeO,
which can be described as a 1/3 metal-vacant anti-perovskite structure [2]. The high-temperature
modification, B-Fe,SeO, is described in the chiral, non-centrosymmetric space group P31, which
is promising for magnetic investigations due to possible magneto-electric couplings.

Despite a difficult synthesis and an obvious meta-stability of B-Fe,SeO, it was possible to
obtain a relatively pure polycrystalline sample by reaction in a salt flux, so that an extensive
investigation, including neutron diffraction and thermodynamics, could be performed.

Thermodynamic and magnetic data reveal two magnetic phase transitions. In the tempera-
ture range 105-80 K, the magnetic state can be described as a canted antiferromagnet. However,
an abrupt change in magnetism is observed at 79 K, below which a collinear antiferromagnetic
state evolves. The most obvious difference between the magnetic states is a spin-flop, where the
spins reorient themselves about 90 degrees within a very narrow temperature range. This type
of phase change is known in literature as a Morin transition, which is very rare, and was first
observed for Fe*" in a-Fe,O, (hematite) [3], but in B-Fe,SeO iron is +2; As the Morin transition
is accompanied by strong, competing magnetic interactions and a significant magneto-electric
coupling, the question is: are Heisenberg-like spins really necessary to have observable magne-
to-electric effects?
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The isostructural series of compounds, MOX, M = Sc, Ti, V, Fe, and X = Cl, Br, have been recent-
ly reevaluated as quasi-2D vdW materials with a surprising variety of structural and electronic
properties, from both fundamental as well as applied point of view. In our systematic study, we
compare MOX compositions with various electron configurations and different halides in order
to pinpoint effects of electron-electron and electron-phonon interactions effecting the dynamic
lattice properties. For this instance, we performed synthesis, structure refinement, Raman scat-
tering, and lattice dynamic and band structure calculations. We present systematic as well as
specific dependencies of the optical phonon frequencies on lattice parameters of individual metal
cations. Most noticeable are rather anisotropic anharmonicities, i.e. phonon softenings and line-
width anomalies, for those displacements that concern out-of-plane M-O vibrations.
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A new reduced phase derived from the excitonic insulator candidate Ta,NiSe_has been success-

5

fully synthesised via the intercalation of lithium. LiTa,NiSe_ crystallises in orthorhombic space
group Pmnb (No. 62) with lattice parameters a = 3.50247(3) A, b =13.4053(4) A, ¢ =15.7396(2)
A, Z = 4, with an increase of unit cell volume by 5.44(1)% compared to Ta,NiSe.. Significant
rearrangement of the Ta-Ni-Se layers is observed, in particular a very significant relative dis-
placement of the layers compared to the parent phase.

Ta,NiSe,

Neutron diffraction experiments and computational analysis confirm Li occupies a distorted

triangular prismatic site formed by Se atoms of adjacent Ta,NiSe, layers with an average Li-Se
bond length of 2.724(2) A. Intercalation supresses the distortion to monoclinic symmetry that
occurs in Ta)NiSe, at 328 K, which is believed to be driven by the formation of an excitonic
insulating state. Magnetometry data shows that the reduced phase has a smaller diamagnetic
susceptibility than Ta,NiSe,, due to the enhancement of the temperature independent Pauli para-
magnetism. This is consistent with an increased density of states at the Fermi level caused by the
injection of electrons during intercalation.
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Long persistent luminescent materials can to store energy in excited states after proper illumi-
nation and release slowly this energy by emitting at a different wavelength for long time after
ceasing excitation [1]. While persistent luminescent materials (PLM) are known for centuries,
a breakthrough advance in the field took place in mid-1990s, when co-doping of SrAl,0,:Eu*
with Dy** not only gave rise to increased brightness but also led to prolonged afterglow duration
[2]. Among the most studied PLMs are those that belong to the inorganic matrix family MALO,
(M = Ca, Sr) doped with rare earths ions. Crystals of this family doped with Eu*" are phosphors
exhibiting strong broad band emission characteristic to the Eu** ion in the blue/green visible
range under UV-excitation (~365 nm). For CaAl,O,:Eu*" the emision band centered at 440 arises
from transitions between the S, (4f”) ground state and the crystal field components of the excit-
ed 4°5d' configuration of the Eu?" ion. Such materials find applications in toy decoration, road
marking and signage, safety and bio-imaging and so on [1]. However, more challenging applica-
tions that pertain to the usage of a light source into liquid media, for example in photodynamic
therapy, demand multifunctionality. The materials need to possess not only proper luminescence
properties (duration, emission wavelength etc.) but also bear hard magnetism in order to be eas-
ily manipulated in liquid media.

In this work we report the successful functionalisation of CaAl,O,:Eu®*, Nd** (CAO) persis-
tent phosphor with Fe,O, magnetic nanoparticles (MNPs) and the study of the optical properties
(luminescence, afterglow) of the composite material. Various extents of loading of Fe,O, MNPs
were explored and their optical properties were evaluated. Our preliminary results show that the
ratio of CAO/Fe,0, plays important role in the afterglow and decay time of the composite com-
pound but the optical behavior (emission, afterglow) of CaAlLO,: Eu*', Nd**@Fe,0, is highly
retained.
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The increasing dependence on lithium-ion batteries for energy storage calls for continual
improvements in the performance of cathode materials, the majority of which rely solely on
cationic redox of transition-metal ions for driving the electrochemical reactions. But recently,
anionic redox has been placed as great hope as it leads to a near-doubling of capacity [1]. Thus,
efficiently utilizing such process have been a new research hotspot.

Previous work has proved that Li,TiTeO, [2] could chemically intercalate and deinterca-
late lithium ions. Considering both Ti and Te are at their highest oxidation state, which should
strongly disfavour further oxidation, the redox reaction should actually arise from oxygen in
the system. But such oxygen redox is irreversible in electrochemical processes, due to the slug-
gish kinetics and unstable intermediates. Based on this, transition metals with various oxidation
states has been introduced into the Li,TiTeO, structure, aiming to regulate the charge transfer
of oxygen, finally stabilizing the anion redox process and achieving reversible electrochemistry
behaviour. Until now Li, Ti,  Mn TeO, samples have been prepared and chemically and electro-
chemically lithiated and delithiated. The structure evolution, different oxygen oxidation states
and the effect of Mn doping have been monitored and analysed via XRD, SXRD, O K-edge
(XAS), and titration measurements.
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