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Crystal Engineering

Its Potential in Chemistry and Society

Gautam R. Desiraju
1Solid State & Structural ChemmigtUnit, Indian Institute of Science,
Bangalore 560 012, India
e-mail: gautam.desiraju@gmail.com

Il FASETR GKIFIG é61a RSTAYSR on &SFNHER |
interactions in the context of crystal packing and in the utilisation of such
understanding in the design of new solids with desired physical and chemical
LINP LISNIASa¢>om8 YR gKAOK ARSYGATAS
lack of a direct correspondence between molecular and crystal structure in the
4SljdzSyO0S amy&l yi CryHob dzOf Sdza Iy / NBa Gt
AyaG2 aAy Ly | NBI 2F QGANIdz £ €& dzyt .
translation efforts could be directed in the current climate of a society that
increasingly expects applications and utility productent science and
G§SOKy2t238é¢ dwo8 /SNIIFAY OdNNByid Oz2y

Pharmaceuticals
Drug cocrystals
Tableting
Bulk crystallization

= < 4
‘r/Property Engineering \
| Solar energy harvesting \
. Watersplitting /' Crystal Engineering
~_ Polymer science Applications
5 and Utility

Solid-state Reactions
Co-grinding |
Industrial processes /

Thermosalient Materials
Actu |
devi

/ Framework Solids
MOFs and COFs |
\ Biomass catalysis and
\._ separations

Figure 1Five application domains of Crystal Engineering

[1] G. R. Desiraj@rystal Engineering. The Design of Organic S&lisayier (1989).
[2] G. R Desigju, J. Am. Chem. So#&35(2013) 9952
[3] A.K Nangig G. R Desirajy Angew. Chem. Int. EB8 (2019 4100
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K02- Smart and Programmable Sponges for protection

From Bench to Market

Omar K. Farha
1Department of Chemistry, Northwestern UniversiBvanston, IL, USA
e-mail: omarkfarha@gmail.com

MOFs are a class of porous, crystalline materials composed of -betad
nodes and organic ligands that sesemble into muldimensional lattices.

In contrast to conventional porous materials suchzaslites and activated
carbon, an abundantly diverse set of molecular building blocks allows for the

realization of MOFs with a z,x:cf:;,:‘,ed o
broad range of properties. We . : /”Vj'j‘/ -

have developed an extensive .5 s”"f\/
understanding of how the il
physical - =
architecture €
and chemical
properties  of \ i‘
MOFs affect
material
[ performance in applications such as catalytic activity for
chemical warfare agent detoxification. This talk will focus on
metalcorganic frameworks (MOFs) for hydrolysis from
solution-phase to soliestate reactivity. Moving MOF&om
bench to markewithin industrial sectors will be discussed as well.

| {fllon-x |
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The Rise of the Dynamic Crystals

Py &l&imov
INew York University Abu Dhabi/New York University, UAE/USA
e-mail: pance.naumov@nyu.edu

The anticipated shift in focal point of interest of sedithte chemists, crystal
engineers and crystallographers from structure to properties to fumcof
organic solids parallels the need to apply our accumulated understanding of
the intricacies of crystal structure to explaining the related properties, with the
ultimate goal of harnessing that knowledge in applications that require soft,
light-weight, and/or biocompatible organic solid$n these developments, the
adaptive molecular single crystals warrant a particular attention as an
alternative choice of materials for light, flexible, and environmentally benign
devices, primarily memories, capaa#p sensors, and actuators. Some of the
outstanding requirements for application of these dynamic materials as high
efficiency energy storage devices are strongly induced polarization, high
switching field, and narrow hysteresis in case of reversible dimprocesses.
However, having been studied almost exclusively by chemists, molecular
crystals still lack the appropriate investigations that reliably evaluate their
reproducibility, scalability, and actuating performance, and some important
drawbacks havaliverted the interest of engineers from these materials in
applications. United under the umbrella term crystal adaptronics, the recent
research efforts aim to realistically assess the appositeness of dynamic crystals
for applications that require fast, versible and continuous operation over
prolonged periods of time. With the aim to highlight the most recent
developments in the research of adaptive molecular crystals, this Perspective
article discusses their assets and pitfalls. It also provides son dninthe
likely future developments that capitalize on the untapped, sequestered
potential for applications of this distinct materials class.

[1] P. NaumovD. P. Karothu, EAhmed, LCatalano, PCommins,) Mahmoud HalabiM. B. Al
Handawi, LLi, J. Am. Chem. Sdic42 (2020 13256
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How to Create Life from Dead Matter: Mechanisms to

DNA, Molecular Evolution and Homochirality
Oliver Trapp

1Department of Chemistry, LudwlgaximiliansUniversity Munich, Munich
e-mail: oliver.trapp@cup.urmuenchen.e

In this lecture | will present our research results and goals on the origin of life.
First, | will concentrate on the formation of important simple chemical building
blocks, which are fored by the catalytic effect of meteoric nanoparticles and
the originally predominant earth atmosphere, namely hydrogen and carbon
dioxide. We were able to show experimentally that traces of nanopatrticles,
which are created by the evaporation of meteoritehem they enter the
Earth's atmosphere, convert relatively inert carbon dioxide into interesting
and highly reactive organic compounds.

Based on these compounds, we can follow the development of further
important building blocks [1,2]. Recently, we achieaatkcisive breakthrough

in the prebiotic formation of DNA nucleoside building blocks [3,4]. Contrary to
the opinion accepted by many scientists that an RNA world first developed that
only produced DNA through complicated transformations, we have discdvere
a reaction pathway that leads directly to DNA. In the course of these
investigations, we identified and characterized another DNA progenitor. These
findings put us in a position to establish concrete conditions for the
development of life. In this way wean explain why Nature prefers the sugar
ribose or deoxyribose for RNA and DNA building blocks.

In a further part | will present a system for evolution on the molecular level,
which will ultimately lead to the formation of "living chemical networks" [5,6]

[1] S. Lamour, S. Pallmann, M. Haas, O. Tiafg® (2019) 52.

[2] M. Haas, S. Lamour, S.B. Christ, O. T@pmmun. Chen3 (2020) 140.

[3] J.S. Teichert, F.M. Kruse, O. Trajpgew.Chem. Int. Ecb8(2019) 9944.

[4] F.M. Kruse, J.S. Teichert, Toapp,Chem. Eur. 26 (2020) 14776.

[5] O. Trapp, S. Lamour, F. Maier, A.F. Siegle, K. Zawatzky, B.F.G3teaabEur. 26 (2020)
15871.

[6] A.C. Closs, E. Fuks, M. Bechtel, O. T@ppm. Eur. 26 (2020) 10702.

20


mailto:oliver.trapp@cup.uni-muenchen.de

SolidState Science & Research Meetih@,& 11June 2@1, Zagreb

Extreme mechanics and vidlty of pollen grains
Antonio~ A & S NJ
LyaldAaiddziS 2F LKeaAardasz . A2SyAas61l
e-mail: asiber@ifs.hr

Pollen carries male plant genetic material encapsulated in a hard protective
shell containing flexible, soft regiongpertures. The mecharatdesign of the
shell regulates how the pollen grain folds into itself upon dehydration, which
often occurs once it becomes exposed to the environment. The same design
also guides the response of pollen grains to hydration which may lead to
bursting of thke pore and the leakage of the pollen proteins in the atmosphere

¢ this process releases submicronic pollen particles, which can provoke strong
allergic reactions in sensitive individuals. We investigate folding pathways of
pollen grains by studying elastieformations of inhomogeneous thin shells.
Different pathways are governed by the interplay between the elastic
properties of the hard and soft regions of the pollen shell and by the aperture
shape, number, and size. We delineate regions of mechanicahyeders of

the pollen grain which lead to complete closure of all apertures, thus reducing
water loss and presenting evolutionary viable solutions to the infolding
problem [1]. We also show that the apertures, although important for the
initiation of the llen tube, also present a weak regions of the grain wall and
that they are prone to bursting once the pollen grain swells enough in humid
atmosphere [2].

[1]A.. 2 OA 6 %, ProcPNatt. A@ad Bdi. U.SHL7 (2020 26600
21! ® . 2 OA ®iERxiV2a2105.245489837
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|04 - Plastic deformation, quanturrcritical ferroelectric
fluctuations and superconductivity in strontium titanate

Damijan Pefe?
IPhysics Department, Faculty of Science, University of Zagreb, Croatia
2School of Physics and Astamy, University of Minnesota, USA
e-mail: dpelc@phy.hr

Strontium titanate (SrTi§) STO) is one of the most studied transition metal
oxides, with remarkable physical properties that have been debated for over
five decades. It shows strong ferroelectrigctuations, a highly controversial
metallic state, and superconductivity at the lowest known charge carrier
densities of any material [1]. However, it is less known that crystals of STO can
be irreversibly, plastically deformed in an extremely wide ranganabient
temperature. This provides the opportunity to study the effects of plastic
deformation on the structural and electronic properties of a prototypical
oxide. In this talk, | will show that plastic deformation of STO leads to self
organized disloc&in structures (Fig. 1), which induce both quantaritical
ferroelectric  fluctuations and a significant enhancement of the
superconducting transition temperature [2]. | will discuss a simple explanation
based on the coupling between local lattice straimd&erroelectricity, and
argue that plastic deformation can be used as a novel way to tune the

properties of quantum materials more generally.
[110]
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Figure 1Selforganized dislocation walls in plastically deformed STO

[1] C. Collignon et glAnnu. Rev. Gal. Matter Phys10 (2019 25.
[2] S. Hameed et glarxiv:2005.005142020).
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Switching magnets with light: mechanisms and
challenges

Andrei Kirilyuk
IFELIX Laboratory, Radboud University, 6525 ED Nijmegen, The Netherlands
e-mail: andrei.kirilyk@ru.nl

The manipulation of magnetization by light has grown into an active and
intriguing area of research, driven by exceedingly urgent issues in information
storage and processing. The ultrafast processes aneegailibrium dynamics
involved lead to ntense discussions over possible mechanisms facilitating
light-induced switching of magnetic order.

Previously, it has been demonstrated that the magnetization of ferrimagnetic
RETM alloys and multilayers can be reversed by single femtosecond laser
pulses [1,2]. The switching is however purely thermal and is actually driven by
the ultrafast demagnetization of two ferrimagnetic sublattices, which naturally
limits the application of the phenomenon.

Most exciting alternative to the thermal effects are thermthermal ones such

as optemagnetic mechanism directly influencing the magnetization [3], or the
photo-magnetic change of anisotropy, that is able to lead to ultrafast switching
of magnetization in transparent magnetic dielectrics [4]. The polarizatfon o
the pulse determines the direction of switching. This mechanism outperforms
alternatives in terms of the speed (<20 ps) and the unprecedentedly low heat
load, making it attractive for possible applications.

As an outlook, an ultrafast modification of tloeystal field environment and
thus of magnetocrystalline anisotropy, may become the most universal way to
manipulate the magnetization [5]. Magnetastic interactions are present in

all materials and thus universal. We therefore discuss the applicatidhis
mechanism in antiferromagnets as well as other 'ferroics'.

[1] C.D. Stanciu, F. Hansteen, A.V. Kimel, A. Kirilyuk, A. Tsukamoto, A. Itoh, TIPRasiRgyv.
Lett 99(2007)047601.

[2] A. Kirilyuk, A.V. Kimel, and Th. RasRep. Prog. Phyg6 (2013)026501.

[3] A.V. Kimel, A. Kirilyuk, P.A. Usachev, R.V. Pisarev, A.M. Balbashov, ThNRas&g35
(2005)655.

[4] A. Stupakiewicz, K. Szerenos, D. Afanasiev, A. Kirilyuk, A.V Nétue542(2017)71.

[5] A. Stupakiewicz, C.S. DaviesSzerenos, D. Afanasiev, K.S. Rabinovich, A.V AB&wviglia,
A.V. KimelA. KirilyukNat. Phys17 (2021) 489
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Characterization, control and manipulation

of molecular spin ensembles by ESR
Viadislav Kataev
Leibniz Institute for Solid S®mand Materials Research IFW Dresden,
D-01069 Dresden, Germany
e-mail: v.kataev@ifwdresden.de

Magnetically active metabrganic molecules that comprise in their cores
interacting paramagnetic transition metal ions currently attract a significant
interdisciplinary attention due to their unprecedented properties. Some of
them provide realization on a molecular level of a superparamagnetic particle
(single molecule magnet) characterized by a big and anisotropic magnetic
moment, hysteresis behavior and metable magnetic states. Such molecular
based materials provide a unique playground to study fundamental aspects of
guantum magnetism on the macroscopic level but also there is a need to
access them for possible applications in future spin electronic device

New techniques of tunable stberahertz electron spin resonance
spectroscopy in high magnetic fields {(HER) enable detailed insights into the
energy spectrum of the spin states, exchange interactions and anisotropy
effects in such kind of systems.ihwill be illustrated in this talk by a few
examples of HIEESR studies of some representatives of this class of materials
carried out at IFW Dresden. It will be shown how the spixitiplet structure,
magnetic anisotropy and exchange interactions can §gessed in the ESR
experiment complemented by static magnetic measurements. A relationship
between the chemical structure, bonding topology and magnetism of the
studied compounds with regard to the rational design of functional materials
will be briefly décussed.
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|07 - Border Security: How to Detect Special Nuclear

Material?
I.Capa#, J. Coutinh® L. Sndj T. Makind
WdzSSNJ . 201 20A0 LyadaAaiddziSs . A2SyaA
2University of Aveiro, Aveiro, Portugal
W2 OST {GSTlIy LafaaSiovenidzi S mnnn [ ¢
4QST, Takasaki, Japan
e-mail: capan@irb.hr

Increasingly complex risks, like geopolitical instability or decentralized
terrorism threats, have led to the urge for deploying nuclear screening systems
for detection of illicit trafficking of ndear materials, and from that, to a
growing interest in the field of research and development of new radiation
detection technologies suitable for homeland security applications. Recent
progress in the manufacturing of higjuality epitaxial silicon carbéd (SiC)
enables unprecedented detection properties of the future-B#Sed detectors

for neutron and alphgarticle emissions. Unlike existing and commonly used
neutron gasbased detectors, Siased devices have the potential to be
simultaneously portableoperable at room temperature and radiation hard. In
this talk, we will present recently developed SiC detector prototype for
efficient alphaparticle and thermal neutron detection.

Figure 1SiC detector prototype

[1]1.Capan et all Appl Phys123(2018 161597
[2] I.Capan et alJ.Appl. Phys124(2018) 245701.
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Point Defects in Functional NanbBlaterials and Their

Role in Energy Storage Devices
Emre Erdem
Sabanci University, Faculty of Engineering and Natural Science, MateriateSaidn
Nano Engineering, Orhanli, Istanbul Turkey
e-mail: emre.erdem@sabanciuniv.edu

Electron paramagnetic resonance (EPR) is a very powerful method due to its
enhanced sensitivity to unpaired electrons. In order to understand the defect
structure in furctional nanematerials we use mulirequency EPR
spectroscopy. In this presentation i) quantum confinement effects in
ferroelectric nanematerials ii) EPR and Photoluminescence (PL) investigations
of intrinsic defect centers in semiconductor zinc oxidedZnanoparticles will

be given iii) application of metal oxides as electrodes in supercapacitors will be
discussed. Starting with the introductory information about EPR spectroscopy;
poling, aging, doping and nasrsize effects will be discussed for the
ferroelectric materials such as, Pb%i®aTi@, PbZITi@ (PZT) etc. In the
second part of the talk, surface and core defects and their reactivity under
temperature and light will be presented for ZnO semiconductor Rano
materials. Defect models will be disgsed. Finally, in the last part designs of
supercapacitor devices will be given and the role of defect structures in the
electrochemical performance of supercapacitor devices will be presented.

/U V-Lamp N

O-rich
Stoichio-

g
k Zn-rich metric j

Figurel Defect evolution of nosstoichiometric ZnO
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Mechanochemical and aging routes to nanoparticles

and biopolymers
AudreyMoores
ICenter in Green Chemistry and Catalysis, Dept. of Chemistry, McGill University,
a2yliNBIlI s vdzS6S0O0x /Iyl RI
e-mail: audrey.moores@mcgill.ca

Mechanochemistry is becominghastablished method for the sustainable,
solid-phase synthesis of scores of nanomaterials and molecules, ranging from
active pharmaceutical ingredients to materials for cleantech. In a first set of
examples, we will look at ways with which it can be ugedaccess
nanoparticles of various metals [1,2], metals sulfides [3] and npt@éphides

[4] with excellent control over their size, shape and size distribution. We will
also discuss a structurphasefield-crystal (XPFC) model with a ballistic driving
force used as a means to gain insight into the growth of gold nanopatrticles in
a two-component mixture under mechanochemicainditions p]. In a second

set of examples, we will turn to the use of mechanochemistry and aging to
access functional materials $&d on the chitin biopolymer. In particular, the
use of these techniques will be shown for the conversion of chitchitosan

[6], but also for the conversion of nanocrystals of chitin to nanocrystals of
chitosan [7]. The latter materials feature superroperties in the context of
hydrogel synthesis and are efficient ingredient for the device of slow drug
release materials.

®=BSA @=Ca®* @=Aginate
Marine Biowaste

Sustained BSA release High mechanical performance
7 /
ﬂ ) Vi
4 REAX \\\ A

DA /
I T i HEy
D Jepolymerisation |
Chitin Nanocrystals 2 Chitosan Nanocrystals
jng

—_— v
§ s0°c.6days @ \AL“A/
O RH.=98%

ST ¢to, Gremccnentedzmzu)!seb az22NBa
RSBOONG. (2026 58365 a 2 2 NB &
23 ¢ . adl Attt ST ®hem Mater { |||

[1IM.J. Rak, N\ @ { |
2IM® wl 11X ¢o
[Blad al f OF X
29(2017 7766.
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12014

[5] L. YangA. Moores, T. Friscic, N. Provata§S App. Nano Matet (2021) 1886.

[6] T. Di Nardo, C. Hada#l, Nguyen Van Nhien, A. Moor&reen ChenR1 (2019 3276.

[7] T.Jin, T. Liu, S. Jiang, D. Kurdyla, B. A. Klein, V. K. Michaelis, E. Lam, J. Li, Bh&foBrées,
202110.26434/chemrxiv.14541909.v1.
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High entropy alloys:

their entropies of mixing and properties

MagdalenaWencka-?
LJozef Stefan Ingtt, Ljubljana
L yadAlddziS 2F a2t SOdzf I NJt Kéaardaszx t2f¢
e-mail: magdalena.wencka@ijs.si

New approach to metallic alloys design with multiple principal elements in
equimolar or neatequimolar ratios, termed higlentropy alloys (HEAS), has
been poposed within past decades [1,2]. According to this concept, high
entropy of mixing can stabilize disordered solid solution phases with simple
structures like a bodgentered cubic (bcc), a faomentered cubic (fcc) and a
hexagonal clospacked (hcp) witlsmall unit cells, in competition with ordered
crystalline intermetallic phases that often contain structurally complex giant
unit cells. HEA structure is characterized by a topologically ordered lattice with
an exceedingly high chemical (substitutionaBodder, so that a HEA can be
conveniently termed as amietallic glass on an ordered latticdn order to
achieve a high entropy of mixing, the alloys must be composed of typically five
(or less or more) chemical elements in similar concentrations, rgrfginm 5

to 35 at. % for each element, but do not contain any element whose
concentration exceeds 50 at. %. Physical properties of the HEAs remain largely
unexplored. In 2014 the first superconducting HEA within théNB&f-Zr-Ti
system was discovered [JIEAs exhibit also rich and complex magnetic-field
temperature phase diagrams, including a helical antiferromagnetic structure,
a conical structure, a ferromagnetic structure and a spass structure
specific to HEA systems. Enhanced mechanical pregelike high hardness
and solidsolution strengthening are also characteristic to HEAs.

[1] J.W. Yelet al.,Adv. Eng. Mater6 (2006) 299
[2] J.W. YehAnn. Chim. Sci. Ma81(2006) 633.
®wo 8 t dtalyPhyo. Révelett13(2014)107001
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Possible superconductivity from carriers that exhibit

strange metal behavior in overdoped cuprates
a © 22t uffytJ. Ayres$ M. BerbentY:-T. HsU,R. D. H. HinlopehB.
. S NJAN.E KHusséy
!High Field Magnet Laboratory (HREMFL) and Institute for Molecules and
Materials, Radboud University, Nijmegen
LyadAaiddziS 2F LKeaArOas .A2SyAas61l
3H. H. Wills Physics Laboratory, University of Bristol, Bristol
e-mail: mculo@ifs.hr

After more than thirty years of intensive research, htgmperature
superconductivity in cuprates still remains one of the biggest mysteries in
condensed matter physics. Especially interesting is the overdoped part of the
phase diagram whe superconductivity emerges from a strange metal phase
that is no less mysterious. Our recent hiiiggld magnetoresistance study [1]
showed that this strange metal phase actually consists of two distinct charge
sectors, one governed by standard coherentagiparticles giving rise to
normal metal properties such as the Hall response, and the other governed by
incoherent carriers (with no intrinsic Hall response) responsible for strange
metal behavior. In addition, the zetemperature superfluid density exbits

an anomalous depletion with increasing doping while over the same doping
range the effective zertemperature Hall carrier density increases and are
both smaller than the total carrier density. Here we present our detailed
analysis in overdoped ;BaCuQ« and LaxSkCuQ which showed that the
growth in the superfluid density, as doping is decreased from the overdoped
side, may be compensated by the loss in the coherent carrier density and that
their sum is approximately equal to the total carrieergity. Such a
correspondence, in contrast to the conventional BCS theory, implies that
superconductivity in overdoped cuprates emerges uniquely from incoherent
carriers that exhibit strange metal behavior.

MWD | @8NBazX ad -TSHH BgncHewndn, 2 HidatgyJ. Zaapen, T. Kondo, T.
Takeuchi, J. R. Cooper, C. Putzke, S. Friedemann, A. Carrington, N. E. Hussey, accepted f
publication in Nature (2021)

WHB ad 2dA 23 /& S5dZBEIaWD WONB DI | dEl HuSEHER 8P 3
submitted toSciPostPhys(2021)
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biocomposites
Paolo Falcarb
1Graz University of Technology, Institute of Physical and Theoretical CheGistry,
Austria.
e-mail: paolo.falcaro@tugz.at

A burgeoning research in the field of Metaiganic Framework (MOF)
materials is the investigation of porous and dense biocomposites.
Biomacromolecules can be integrated with MOFs by surface immobilization,
infiltration, and encapsulation.[1,2] Téi presentation will focus on
encapsulation methods via the spontaneous -safembly of Zeolitic
Imidazolate Frameworks (ZIFs) around biomacromolecules (e.g. proteins,
enzymes, carbohydrates) and assembly of thereof (e.g. yeast cells).[1,2,3]
Recent progres towards the engineering of crystalline phases, particle size
and multicomponent biocomposites will be disclosed.[4,5,6] The synergy
between biocatalysts, bigherapeutics, and ZIFs will be examined.

The relevance of these biocomposites for the futymegress of MOFs for
biotechnology and biomedicine will be illustrated.

omMB ad RS- WRYt §FRISE [Pakkedd, E[ Astyid, MBatraro, M. Z. Alyami, N. M.
Khashab, C. J. Sby C. J. Doonaf. FalcarpCoord. Chem. Re429(2021) 213651.

[2] W. Liang, P. Wied, F. Carraro, C. J. Sumby, B. NidetkkyT€ling, P. Falcaro, C. J. Dopnan
ChemRev 121(2021), 1077

Blwd wAOO0533 2d [Aly3dsS {d [AZ WO, ADS NaadS @I A ( K3
13.

[4] F. Carraro, M. dé. Velasquekernandez, E. Astria, W. LiangTWwight, C. Parise, M. Ge, Z.
Huang, R. Ricco, X. Zou, L. Villanova, C. O. Kappe, C. J Doonan, PCRatoai®cil1 (2020)
3397.

[5] F. Carraro, J. Williams, M. LinaMereau, C. Parise, W. Liang, H. Aiteeh, CDoonan, C.

O. Kappe, P. Falcaringew.Chem.Int.E&9 (2020) 8123

[6] R. Ricco, P. Wied, B. Rigky, H. Amenitsch, P. Falca@hem Comnb6 (2020) 5775
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Living at the edge:

Renewable energy relies on metstable materials

A. Borgshulte?, E. Billeter?, O.Sambalove, M. Nikolié-?
'Empa, Swiss Federal Laboratories for Materials Science and Technology,
«0SNI I YyRAGNIcaimnS SWNDOPBY R2INFXI { gAGl
2 yAGSNBRAGE 2F %NNAROKZI 5SLJ NI YS\C#sm7s /
“BLNNRAOKE {6A0G1 SNII YR
e-mail: andreas.borgschulte @empa.ch
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Classical materials science may be traced back to the requirements of
construction and armor: the harder and the more durable the material, the
better. However, the modern challenge of rendwa energy is the
intermittence and volatility of demand and supply, which is bridged by energy
storage and conversion devices. These devices rely on materials, which change
their chemical state upon request. Their development and anapassnew
challerges to materials research: the operando investigation of these meta
stable materials. In this talk, | will discuss various examples of energy materials
for hydrogen storage [1], heat storage [2], catalysis [3], and electrochemical
conversion [4], demonsttang that their development requires more than new
analytical techniques, as experimental planning and infrastructure, and even
data evaluation is different from the classical investigation of stable materials.
The examples highlight that the performancarameters of modern energy
materials are rooted in highly dynamic physical processes such as diffusion. It
eventually culminates with a new perspective on materials in renewable
energy research.

[1] A Borgschulte et alRNASL17(2020 4021 ;E. Billeteret al.,Phys. Rev B03(2021) 205304
[2] B.Fumey et alEnergy TechnoB (2020) 2000187

[3]J. Terreni, et alJ. PhysChem C122(2018)23574; J. Terreni et alPhysChem. Chem. Phys
22(2020)22979Q

[4] O. Sambalova et alnt. J. Hydroge&nergy46 (2021) 3346
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Fewbody structural properties reveal manpody

structures
P.{ (A LISY 2 AR 6+ NI yA2GIdym&Jl Bedpriatd
IUniversity of Split, Faculty of Science (PMFST), Split, Croatia
2Max Planck Institute of Microstructure Physics, Halle, Germany
3 YAGSNERAGEFEG t 2t AGSOYAOFr RS [ GF € dz
e-mail: pero@pmfst.hr

By diffusion Monte Carlo and pure estimators [1] we explore [2,3,4,5,6]:
groundstate properties of quantum fevody systems, consisting of up to 3
different atomic species; stability and structure of different clusters consisting
of spinpolarized H, He, Ne, Ar, alkali and alkal@eth isotopes; and model
systems to test influence of a potential model.

Among structural properties we emphasize helium dimers and trimers which
can be compared [6] with the most recent experimental result8][@btained

by Coulomb explosion imaging of diffracted clusters, and hedlili
pentamers [10] which already indicate behavior noticed in nanodroplets [11].

[1] J. Casulleras, J. Bororahys. Rev. B2 (1995) 3654.

OHB t & {iALI yNJAAKZ L@ . +BN)<\RESSIGHVAR014)2DBR0Y. | (i =
woB td {UALIY20A8Z [ ® +INGheheBn@h46420IN)044806. 5 @ %!
wne t & {GALI Y2 AARMS L@ MBWE SO al NJ ASZ

wp8 td {UALIYyANBADT [ ¢ HNEBERE®R010)B289.2 NBY | (X
wcB8 td {ALIY20A5Z [ @hyxBOBOBHIGSIGL NJ A5 W . 2
[7]J. Voigtsberger et alat. Commun5 (2014) 5765.

[8] M. Kunitski et alScience348(2015) 551.

[9] S. Zeller eal. PNAS113(2016) 14651.

omMnB8 t ® { AL}l Y 2 EeivBoby SysB9(20M8)49. 2S5O0 al NJ A O =
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Radical Difussion in Glass Forming and
Crystallizing liquids
J Slade! D. Merunka?
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e-mail: jslade@irb.hr

Diffusion is a random translational motion of molecules and its rate is
described by the diffusion coeffent ¢ diffusivity, which is studied by EPR
spectroscopy. The diffusion of radicals in a liquid changes the strength of the
magnetic interactions between the spins of their unpaired electrons and thus
affects the shape of the EPR spectrum of the radjdéls

By cooling liquids, two different phenomena can occur: crystallization, which
is transition from a liquid to a solid state of a high degree of organization [3],
and glass transition, which occurs by rapid cooling, formation of a solid
amorphous stat [2]. We examined the relationship between Tempone
diffusivity and seHliffusion coefficients for PC and DMF. These relationships
differ (Figure 1) which is possibly due to different cooling behavior and solid

structure formation.
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Figure 1Curves of Tempone diffusivity for PC and DMF

[1]15 ® a S NHzy | U.¥Mol.dige7#(ZDIN8BERI4
[2] N. V. Surovtse\Ghem. Phys. Le#t77(2009) 5759
[3] A. Baudot, P. BoutroigGryobiology37 (1998) 187199
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Expanding the crystal form landscape: computational
tools for the discovery of etectics and highetorder

cocrystals

Z. M. SaeedB. Dhokalé A.F. ShunnarS. Mohamed
!Department of Chemistry, Green Chemistry & Materials Modelling Laboratory,
Khalifa University, Abu Dhabi, UAE.
e-mail: zeinab.msw95@gmail.com

Whilst there have beemany reports of the application of computational
methods to support the discovery of binary cocrystals, very little is known
about the accuracy of computational structure prediction (CSP) methods [1]
for supporting the discovery of higherder cocrystalfHOCS). The discovery

of such HOCs widens the crystal form landscape and allows drug developers to
choose the optimal solid dosage form for a particular active ingredient. We
demonstrate [2] that CSP methods can be adapted to support the discovery of
ternary molecular ionic cocrystals comprising many competing hydrogen
bonding interactions in the crystal. We also demonstrate that eutectic
composite materials with favorable solubility enhancements can be
discovered using a weighted Monte Carlo algorithimt g@mputes the mixing
energies and binding modes of candidate molecular pairs. Our work
demonstrates that computational methods are indispensable in supporting
the discovery of new functional crystalline materials of organic compounds.

E../kJ mol
&%

Milling product

o 1" 12 13
Density / g cm
In-Silico Screening Solid-Form Discovery Mechanosynthesis

Figure 1wWe appy a synergistic mechanochemical milling amgilicoscreen to
discover novel eutectics and higherder crystals of a range of organic compounds

[1] A.M.Reilly et al. Acta Crystallogr., Sect. B: Struct. Sci., Cryst. Eng. Matg016)439.
[2] A.F.Shunnar,B. Dhokale,D.P. Karothu, D.H. Bowskill, .J. Sugden,H.H. Hernandez,P.
Naumoy S.Mohamed,Chem. Eur. 26 (2020)4752.
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Surface chemistry of ion beam irradiated

graphene oxide papers
M.Df 2 3% Wiewikd D. Bajuk. 2 3 R I\ D33 &&.D@jniczal*V.
A. Skurate2ZW2 @ ¥ 2 OA O
ICenter of excellence for hydrogen and renewable energy (CONVINCE), Department
2T tKeaAadaI bxAyo6l b -Nafigndl hstided & theRepublidadt S |
Serbia, University of Belgta, P.O. Box 522, 11001 Belgrade, Serbia
2Faculty of Physical Chemistry, University of Belgrade, P.O. Box 47, 11158 Belgrade,
Serbia
SFlerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research, 141980
Dubna, Moscow region, Russia
Faculty2 T / KSYAAGNR I bAO2ftl dza / 2LISNY A O
e-mail: mravik@vin.bg.ac.rs

Surface chemistry of graphene oxide (GO) plays an important role in possible
applications of the material. Beside traditional approaches, like thermal
treatment, ionbeam irradiation has been recognized as a tool for modifying
not only the surface chemistry, but also the structural properties of GO. In this
study, the GO paper was irradiated with 15 keV proton beam with fluencies
T NR Y 5 B m A Bns/on?. Surfacechemistry of GO was monitored with
Fouriertransform infrared spectroscopy (ATRIR) and-Kay photoelectron
spectroscopy (XPS) while structural changes were investigated with Raman
spectroscopy. XPS and AFRR methods showed partial reduction of G&hw
preferential desorption of basal plane alkoxy and epoxy oxygen groups. In
terms of structural changes, intensity ratio of D and G peaks decreased linearly
with the increase of C/O ratice.increase of fluence. The reduction of GO with
hydrogen atom was also investigated dynamically by semipirical
calculations. The calculations for the epoxy group have identified energy
ranges at which reduction is a consequence of physical (>20 eV) or chemical
(<1.5 eV) processes. The results are showing a patenfi ion beam
irradiation for controllable modification of structural and surface properties
which can be used for tuning of the charge storage properties of graphene
oxide.
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Amorphous preformulations of the cucurbit[7]uril
inclusion complexes of @lin-dependent kinase 4/6
inhibitors

D. Katiyar! S Ahama! S Tripathi®, A Arora!T. S. Thakt
Molecular and Structural Biology Division, GS#Rtral Drug Research Institute,
Lucknow 226 031, INDIA
e-mail: dharmendrakatiyar010@gmail.com

Cucurbit[7pril (CBJ[7]) possesses the desired characteristics of a good
pharmaceutical excipient. Most importantly CB[7] inclusion complexes can be
beneficial for improving the physical stability, solubility, and permeability
properties of drugs. [1] Palbociclib (PGd ribociclib (RCB) are the cyelin
dependent kinase 4/6 inhibitors (CDK4/6i) [2] having poor water solubility and
belongs to BCS classes Il andrlys,respectively. We had prepared the hest
guest complexes of these drugs with CB[7] for their potérgplication as
amorphous solid préormulations for addressing the poor water solubility.
The formation of the inclusion complexes of both drugs in solution and-solid
state was studied frorH-NMR, UWis, ITC, DSC, and MAIDIF analysis. [3]
The bindig of drugs with CB[7] was assessed with the help of free energy
calculations and QTAIM analysis.
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Figure 1Encapsulation of CDK4/6i within CB[7].

[1] K. I. Kuok, &, .W.Wyman, RWang,Ann. N.Y. Acad. S&B98(2017) 108.

[2]B.h Q[ S| NEuwg N.€dTurfieffat. Rev. Clin. Oncb3 (2016) 417.

[3] D. Katiyar, S. Ahamad, S. G. Dashiifathi, A. Aroral. SThakurJ. Mol. Structl241 (2021)
130637.
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Competition of halogen and pnicogen bonds in

cocrystals of 2nhitrobenzaldehyde deved imines
Lt 2f &Ny A dza 02 I9RS 12 P4 Bt ADyT 2AGAE0AZ0
Department of Chemistry, University of Zagreb, Zagreb
e-mail: Ipoljanic@chem.pmf.hr

The study of halogen bond in multicomponent systemsrie of the most
developing areas in crystal engineering and supramolecular chemistry [1].
lf2y34ARS GKS KIf23Sy 0 2-¥dintelagionsS y { /
including pnicogen atoms have been described [2]. One of the functional
groups that hagotential to form both halogen and pnicogen bonds is nitro
group [3,4]. In this research, cocrystals of imines derived from 2
nitrobenzaldehyde riba) and 4X-aniline an X = CI, Br, 1) with %3
diiodotetrafluorobenzene X3tfib) and 1,3,&riiodotrifluorobenzene 135tfib)

were synthesized by cocrystallization from solution and mechanochemically.
Xray structural analysis revealed a successful synthesis of six cocrystals
exhibiting 1:1 stoichiometry. In all cocrystals, halogen bond donors and imines
are comectedviaNmnd 1 i L KIFf 23Sy 02yRAX KA S
additionally connectedvia Nhirol T nito PNicogen bonds, and@nitro group

interactions.

2967 A \

6.0°
R.S. =16.0 2638 A
RS. =4.1%

Figure 1Halogen, pnicogen and hydrogen bondsribaClan(135tfib)

[1] G. Cavallo, Metrangolo, R. Milani, T. Pilati, A. Priimagi, G. Resnati, G. Terr@hem. Rev.
116(2016) 2478.

[2] 3. S. Murray, P. lee, T. Clark, P. Politzér,Mol. Model13(2007) 1033

[3]1+ ® b SY S O ErysSEdgCanyHS (RAL6) 7425.

[4] A. Bauza, A. V. Ska, G. A. Senchyk, E. B. Rusanov, A. Frontera, K. V. Domasevitch,
CrystEngCommh9 (2017) 1933.
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PO7 Solvent influence on the crystal packing of
supramolecular coppen ternary coordination compounds
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Department of Chemistry, Faculty of Science, University of Zagreb, Zagreb
e-mail: dvusak@chem.pmf.hr

Water adsorption materials have been in focus as potential desiccants or,
more recently, as atmospheric water harvesters [1]. Recently we shtvetd
ternary coordination compounds ebpper(l), aminoacidates and heterocyclic
bases have the potential for controllable water absorption/desorption in the
solid state [2]. We report syntheses and crystal structures of ternary
coordination compounds of phenanthroline (phen),
glycine (HGIly) and copper(ll): [Cu(GlyHphen)}SQl O (M I 1.@),
[Cu(GIy)(IzD)(phen)][Cuu(GIy)(S(D 6 LK S0 0 8fn @il.@),]  {[Cuk-Gly)
(phen)kSQi @) (M O 1M, and {[Cuk-Gly)phen)}SQi o 4l 1 0%
mO1 A I M) Symheses were performed by solutidmased techniques
and by liquid assisted grinding. Fine tuning of the synthetic conditions
influenced thecopper(l) coordination and supramolecular architectures of the
compounds. Four types of solvgmacking were foundpockets i O 1.® 1D
channels and pockets m 0 2@, LD channels im I i,@dnd 2D channels in

M OT A i 2@ IFigure 1). Stability of compounds under atmosphere of
water and methanol vapours was tested.

1a-é;120 1b-5H,0 1c:2H,0 1¢:3CH;0H-2H,0
Figure 1Four types of solvergacking: 1D chanels inm I 7,@, LD channels

and pockets im 6 1., pockets irv O i.(ahd 2D channels in
MOT M/ i @I

[1] F. FathiehM. J. Kalmutzki, E. A. Kapustin, P. J. Waller, J. Yang, O. MS¥iagtuv4 (2018)
eaat3198

215® +dzO0F 12X . @Af Nizd2 @96 far NJ| 2 @AM  all- ¢ 1t 25418 &2 @M
Cryst. Growth De4.7 (2017) 6049
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Estimation of the screening of the electrephonon

interaction from ARPES spectra
J.Krsnifl YR hd Y & . NAOAGZ
lnstitute of Physics, Zagreb
e-mail; jkrsnik@ifs.hr

In the past years, in numerous angésolved photoemission spectroscopy
(ARPES) studies-8] of a wide class of lowensity metallic systems, ranging
from doped transition metal oxides to quasvo-dimensional interfaces
between inslators, well separated phonon sidebands below the quasiparticle
peak as a unique hallmark of polaronic correlations were observed. However,
despite the extensive ARPES data available and numerous works on their first
principle simulations [4,5], little iknown about the manifestation of the
screening effects on those unique features in ARPES spectra. Thus, we presen
in this work a methodology to estimate the effective range of the electron
phonon interaction based on the calculation of the leading and mexhe
leading order in the electrephonon interaction, including the leading vertex
correction, electron selénergy diagrams and the corresponding spectral
function. Moreover, we introduce a few estimators related to the confinement
of the spectrum itensity within the Fermi surface, which are shown to give a
robust estimate of the screening effects regardless of the limited experimental
resolution, dimensionality, and particular features of the electronic structure.

[1] S. Moser, L. Moreschini, JOJAY2 BASZ hod {d . I NAOASZ | & . SN
Kim, A. Bostwick, E. Rotenbergal, Phys. Rev. Lett10, (2013)196403.

[2] C. Chen, J. Avila, E. Frantzeskakis, A. Levy, andM. C. Asensio, Nat. Gp(201LB)3585.
[3]C.Cancelliei ! @ { ® aAdaKOKSy(12z ! d ! a0KIFdzSNE !
Rogalev, T. Schmitt, N. Nagaosa, V. N. Strocov, Nat. Comn(2016)10386.

[4] C. Verdi, F. Caruso, and F. Giustino, Nat. Com8n(2017)15769.

[5] 3. M. Riley, F. Carugo, Verdi, L. B. Duffy, M. D. Watson, L. Bawden, K. Volckaert, G. van der
Laan, T. Hesjedal, M. Hoesathal., Nat. Commun9, (2018)2305.

42



SolidState Science & Research Meetih@,& 11June 2@1, Zagreb
FTIR analysis of carbonate precursors in manganite

coprecipitation synthesis by FTIR spectroscopy
| & & AzQdssler]. Macah
IFaculty of Chemical Engineering and Technology, University of Zagreb
e-mail: azuzic@fkit.hr

The simple perovskite oxides, manganites, are nowadays subject of extensive
research because of their electrical, magnetic and photoctitgbyoperties [1

3]. Manganites described with general formula,3sMnO; (A = Ca, Ba, La)
were prepared by the coprecipitation method. Precursors and calcined
powders were analyzed by Fourier transform infrared (FTIR) spectroscopy and
crystallization wa studied by Xay diffraction. In all systems, successfully
doped manganites were obtained by coprecipitation. Positions and shapes of
carbonate bands in carbonate precursors FTIR spectra were shown to be useful
for screening successful syntheses of dopeahganites, particularly in €a
xSKMNO; and LaxSKMnQO; systems.

3. Calcination

1. Coprecipitation
synthesis of precursors t

%ﬁ/ —>’

ey
\L 2. FTIR analysis of \L 4. FTIR analysis of

precursors manganites

5. Determination of FTIR band &~ 6. Prediction of manganites
position shift formation

Figure 1Scheme of experimental procedure

[1] F.A. Fabian, FP. Pedra, 1.S. Filho, JG.S. Duque, CI. MenesesJ. Magn. Magn. Mater.
379(2015) 80.

[2] A. Arabi, MH. EhsaniM. Fazl|iJ. Mater. Sci.: Materials in Electron8(2019)19001

[3] J. Das, RR. Rene, J. Krishnah Environ. Chem. Toxicd{2018 57.
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into solid-state transformations
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Infrared spectroscopy provides a detailed insight into molecular background
of various chemical systems. From the praadtfmint of view, the technique is
widespread, not expensive and easy to use. However, it is almost exclusively
used just to obtain a basic information on the system under consideration
within the materials science community. The purpose of this repotbis
illustrate the power of this technique on a few examples of sslate chemical
systems, including monitoring of the progress of mechanochemical
preparations,[1,2] exfoliations, thermally induced decompositions,[1,3] gas
sorption [3] and solid state flusion-driven processes.[2,4]

[Mlbd . AfAO120 ! ®d . 2NH&aAOKdzZ (ST Y ! OF NBGAS =
b2l {Gh&ABUE236 H N MT O McHTRT L @YdAifdlyNBIANDES b{dd .
I. HalaszACS Sust. Chem. EB@® H A H MU HAy OT L @ I 3.fHydyoge@ EAS > b d
(2020) 7938

[2] V. Martinez,B. KaradenizN.. A f ALO R ¥/ @ B aNdzNJIZ (i 2 HM B M.oATdoshenkolM.
RoslovaA A. Popov, K O NBH8rh. dMater32 (2020 10628

Blbd . Af A O] 2B@I .IVDOSzikggi, DHUYadi[T. Pasinszki, Flindec GrgacA
Borgschulte, AZNttel, J.Phys Chem C120(2016) 25276

®n 8 b & Crysk Grawih|D2gA £2021) 1434
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>Raman spectrometer based on industrial camera
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e-mail: gzgrablic@ifs.hr

We have constructed and characterizedRaman spectrometer that: reaches
spatial resolution b<1>m; is costeffective; is compact; provides high spectral
resolution of 2.6 crl or resolving power of 6400. The key factor to achieve
good performances in the latter three parameters has been the design of
Raman beam coupling to the entrance slit dinel choice of an industriagrade
CMOS camera as detector [1]. The drawback of such type of camera is that
integration time is limited to less than 1 s. However, the spectrometer is
perfectly suited for confocal Raman imaging where usually <100 ms itimyra
times per spatial point are used. Moreover, by characterization with the 2D
MoS sample, we have demonstrated the spectrometer has throughput
comparable to researcbrade confocal Raman microscopy systems. The
reduction of cost by two orders of maguide compared to researeprade
commercial devices will enable an even wider sprea@R#man spectroscopy
and strengthen its role in answering fundamental questions in fields of
functional materials, mechanochemistry, life and biomedical sciences.

Figue 1The schematic diagram of the lewostnRaman spectrometecurrently
optimized for the 532 nm laser excitation.

[1] H.Ma, R.Fu,J.Xu,Y.Liu,Sd. rep. 7, (2017)1542
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Mechanochemical synthesis of drgdrug and
druggnutraceutical multicompament solids of

olanzapine

K K Sarmah! R Thakuri&@
!Department of Chemistry, Behali Degree College, Borgang, Biswa84167,
Assam, India.
’Department of Chemistry, Gauhati University, Guwali8tl014, Assam, India.
e-mail: kashyapsarmal23@gmail.com

Drugdrug and druenutraceutical cocrystals have immerged as a novel
alternative to pharmaceutical cocrystals owing to their importance in reducing
drug load and cost effects during multiple disease diagnofhe major
drawback of olanzapine (OLN), an antipsychotic drug is increased blood
glucose level along with impotency and weight gain. Here, we synthesized a
few drugdrug and druenutraceutical multicomponent solids of OLN using
mechanochemistryfigure1l). The synthesized OENAT coamorphous salt has

a potential scope for development as a combination drug as it reduces blood
glucose level, one of the major sigdéfect of OLN monotherapy. Moreover,
the crystalline salt of OLJ®ZO can be used as a combioatdrug for TB
patients with bipolar disordet.

Olanzapine Drug/ nutraceutical
‘ -

|

1

S

U

70

MOLECULAR SALT
&
SALT HYDRATE

Figure 1Drugdrug and drugnutraceutical multicomponent solids prepared using
mechanochemistry

[1] K. K. Sarmah, N. Nath, D. R. Rao. R. ThaRuystEngComn22 (2020) 1120.
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One-Step Mechanosythesis of Graphene Quantum

Dots
M. Kralj' S. Antonid,H. Ivant M. Marijan}!
B5SLI NLYSYyGd 2F tKeaAolrt / KSYAAGNBEZ w
2Institute of Physics, Zagreb
e-mail: magdalenakralj@irb.hr

Graphene quantum dots (GQDs) have attracted significant attention due to its
intriguing physicochemical properties which makesa good material for
potential applications in bioimaging, sensing, solar cells, photovoltaic devices,
photocatalysis and whittight-emitting diodes [1]. Nevertheless, industrial
GQDs synthesis is strenuous due to the toxicity and longevity of thus far
invented processes [2]. Therefore, a facile and highly reproducible
approach for the largescale generation of GQDs with minimal surface defects
is required. Herein we describe environmentdndly, solidstate
mechanosynthesis of GQDs.

[1] V. Georgakilas, J. A. Perman, J. Tucek R. Ziweit). Revi15(2015) 474
[2] Z. Zhipan, Z. JinG. NanQ. LiangtiEnergy Environ. S&i(2012) 8869
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Pt-SnQ and PtFeOs nanomaterials
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Nanocrystalline samples of hematita-FeQs;) and cassiterite (SnpDwere
synthesized by actlvatlng Fe (II) acetate and Sn (II) acetate in a planetary mill
F2t{ft26SR o0& KSI GNBFGYSyd G2 cnn
hematite sample pssessed a vqume average crystal domain size of 26 nm,
and the upper limit of microstrain was 1 x “40The average size of the
cassiterite crystal domain is 29 nm. The Williambtall analysis of the
cassiterite showed the presence of anisotropy, withgtgly narrower
diffraction lines with Miller indices hk2, indicating an increase in the size of the
crystal domain (the values in the hk2 direction were estimated to be 34 nm).
Hematite and cassiterite samples were doped with platinum in three wWgys,

in one step by mixing powdered Fe (Il) acetate or Sn (II) acetate precursor with
Pt(Acagqf YR I QUA Gl GA2Yy AYy | LXFYySGIiNE Y
Ay (62 aiSLBAI ¢ KBEIDP and sabkHeiite (SrE@DWwerel A G ¢
deyiKSaAT SR +dGd cnn ¢/ FYR GKSy GKS
Pt (Acag)precursor and homogenized by grinding for 2 h in a planetary mill.
Then the homogenized samplgsS NE I yy S| f 8iilRthels@mplesn n
were synthesized in two steps, with the difference that a certain amount of Pt
(Acac) was dissolved in toluene and then mixed and homogenized with Fe (II)
acetate or Sn (ll) acetate precursors, and then the sagywere homogenized

AY | LIXIFYySGFENE YAff YR FyySIFtSR i+
detected directly by EDS analysis and indirectly by TPR (Temperature
Programmed Reduction in hydrogen) results.
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Mechanochemical activation of LIAlH-e0Os
compositesa method to enhance kinetics of hydrogen

desorption
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WUniversity of Belgrade; A y 6 I Ly a G A G dzii & Natidghal matitGré 3 I NJ {
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Mechanical milling of pure lithium alanate (LidlMas done with addition of

5 weigh percent of B€s using different nliing time ranging from 1 to 15
minutes [1]. Mechanical milling of composites causes destabilization ofsLiAIH
structure as it observed by XRD measurements. Particle size distribution
results reveals that composite particle size decrease with milling timto 3
minutes, and then increase almost to the original size, for 15 min sample.
Mechanical mailing cause phase transformation from Afel AlH>. As a
consequence of structural and chemical changes, desorption properties of
composites are change ldtic of desorption is improved in comparison to
unmilled LiAIlll The shifting of hydrogen desorption temperature to lower
temperatures is observed together with change from matép desorption to
one-step hydrogen desorption is also observed. This edudecrease in
activation energy of composites from £665 kJ/mol for unmilled LIiAHE, =

279 kJ/mol for 3 min milled composite.

[1] a ®5 NJ 3,220 2AHADY 2!0% BHNI.KRukeOeSd a A (1 NI O A, SVEWIMIGR, | 2 O
Y . | i Intt 2Hydrdy. Energhf (2013) 13070
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P16- Mechanochemical Synthesis of Novel Mand Ca

Containing Bimetallic Amidoboranes
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e-mail: igorm@vinca.rs

Mechanochemistry can be very useful for synthesi$ bimetallic
amidoboranes very prominent materials for hydrogestorage. Bysing the
mechanical ball milling technique, solventless solid state reaction between
ammonia borandNH3BH3), alkali metal hydrides (NaH, LiH) and alkaline earth
metal hydrides(CaH and MgH) is absolutely possibl¢l,2]. Exclusively
hydrogen and bimetallic amidoboranes avbtained as final products. Here
we report several examples of successful synthesidlaaMg(NHBH;)s,
LiMg(NHBH)s, NaCa(NHBH)s and LiCa(NHBH). ¢ all prepared and
characterised by our group

Orthorombic, Fdd2 (No. 43)
a=29.849A
b=13.858A
c=5123A

Figure 1Unit cells of synthesized @antaining amidoboranes. Left) dEa(NHBH)s;
Right) LiCa(NHBH)a.

[1IL @ aAf | yAE®IuEhed.[Endd (2081) 2089
[2IN.. A f A O @hem. Buii. 23 (2017) 16274
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Mechanochemical milling was successfully applied to prototypneshthesis
reaction between AgN©Oand NaX (X = CI, Br, I) [1]. This approach also
successfully demonstrated the synthetic path togQ double salts.
ReaHlime and in situ reaction monitoring using synchrotron powdera)
diffraction (PXRD) and Ramaresposcopy revealed that only in the case with
NaBr metathesis reaction underwent without the formation of intermediate
phases. With NacCl, the AZNQ appeared as the intermediate, while with Nal,

a shortliving intermediate phase was observed in PXRDag@nage living for

30 seconds) and could not be fully characterized. As expected from standard
reaction Gibbs energies of reactants and products, milling with NaF gave the
mixture of starting materials. In comparison to performing this reaction in
solution, where it is driven by the extremely low solubility of silver products
and their immediate precipitation, in the solid state, reactions proceed
through the formation of reactive intermediates and provide an elegant way
of preparing corresponding doublalss.

AgNO; + NaX — é?’s = AgX + NaNO3 AH"<0
=Cl, Br,
30 Hz

AgNO; + NaF — > AgF + NaNO; AH°>0

Figure llon metathesis reactions between Agh&hd NaX (X = ClI, Br, ).

[1]S.LukinT.StolayL @ [ 2y 6 NRO X Ld aAfly2@A063 bidrg. Af A
Chem59(2020) 12200
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Competitive cocrystallization reactions in the solid

state
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Mechanochemical milling is an efficient method for sdlidte preparation of
cocrystals. However, when more than one cocrystal is present in the soli
mixture of several potential coformers, competitive reactions could take place
[1]. Here, we present the study of competitive cocrystallizations for cocrystals
of urea and orthe (0-OHBa), meta (m-OHBa), and pardydroxybenzoic
acids (pOHBa), each bwhich forms different stoichiometric cocrystal with
urea (Figure 1). From neat and ligtdsisted grinding experiments, we
derived the relative thermodynamical stabilities of cocrystals to b®lHBa <
0-OHBa< pOHBa. Reaction profiles derived from s$itu Raman monitoring

for cases when only one or more cocrystals can form revealed that the rate of
formation of the most stable cocrystal;@HBa:urea is increased regardless
of the presence of competitive coformer. Interestingly, its formation was the
slowest in experiments comparing the formation of cocrystals without
competing coformer.

Figure 1Competitive cocrystallization in a ball mill

M{® [dAAYZ L [2YyEFNROZI ad ¢ANBEIAZ gobyst{ G2f¢
Growth Des18(2018 1539
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