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Programme in details

ECS6 BUDAPEST

6th EUROPEAN CRYSTALLOGRAPHIC SCHOOL

ECS6

Programme in details (All times are in the GMT +2 time zone)

4-10 July 2021 / online from Budapest, Hungary

Sunday / 4 July 2021

14:30 ‘ 16:00 ‘Speakers’information

Monday / 5 July 2021

Monday session 1

8:40 8:45 | Opening of ECS6, welcome and Petra Bombicz | Chemical Crystallography Research
technical information Chair of ECS6 Laboratory
Research Centre for Natural Sciences
Budapest, Hungary
8:45 8:50 | Opening remarks Udo Max-Delbriick-Centrum fiir Molekulare
Heinemann Medizin and Institut fiir Chemie und
President of Biochemie
the ECA Freie Universitat Berlin
Berlin, Germany
8:50 9:00 | Therole of the IUCrin Brian International Union of Crystallography
crystallography McMahon Chester, United Kingdom
9:00 9:30 | The Cambridge Structural SuzannaWard | Cambridge Crystallographic Data
Database - Learning from one and llaria Centre
million crystal structures Gimondi Cambridge, United Kingdom
9:30 9:55 | The Protein Data Bank - 50 years David Protein Data Bank in Europe
and counting Armstrong Hinxton, United Kingdom
9:55 10:10 | Questions & answers (Udo Heinemann, Brian McMahon, Suzanne Ward and llaria Gimondi,
David Armstrong)
10:10 = 10:30 = Coffee break
Monday session 2
10:30 | 11:45 | Diffraction physics Gyula Faigel Wigner Research Centre for Physics
Budapest, Hungary
11:45 | 12:00 | Questions & answers (Gyula Faigel)
12:00 13:00  Lunch break
Monday session 3
13:00 | 14:15 | Crystals and symmetry - How to Christian W. Max-Planck-Institut fuir
use the International Tables for Lehmann Kristallographie
Crystallography (Volume A) Mulheim an der Ruhr, Germany
14:15 | 14.30 | Questions & answers (Christian Lehmann)
14:30 | 15:30 | Theory and laboratory practice (SAXS): Andras Wacha: Small-Angle X-ray Scattering:
A complementary technique to diffraction
15:30 | 16:00 | Question & answers (Theory and Laboratory practice (SAXS))
16:00 16:20 Coffee break

ECS6 / July 4-10, 2021 / Budapest, Hungary
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Monday session 4

16:20 | 17:00 | Reciprocal space Gabor Bortel Wigner Research Centre for Physics
Budapest, Hungary
17:00 | 17:10 | Questions & answers (Gabor Bortel)
17:10 | 17:55 | Data collection strategy Tobias Stiirzer | Bruker AXS GmbH
Karlsruhe, Germany
17:55 | 18:10 | Questions & answers (Tobias Stiirzer)
18:10 | 19:00 | Networking /Welcome drink & chat
Tuesday / 6 July 2021
Tuesday session 1
8:40 9:05 | Instrumentation, sources and JohnR. University of Manchester
detectors Helliwell Faculty of Science and Engineering
Manchester, United Kingdom
9:05 9:55 | Why should you know about X-ray | Dubravka Sisak | Dectris Ltd.
detectors? Jung Baden, Switzerland
9:55 10:10 | Questions & answers (John R. Helliwell, Dubravka Sisak Jung)
10:10 = 10:30 = Coffee break
Tuesday session 2
10:30 | 11:10 | Overview lecture of the probes JohnR. University of Manchester
of the structure of matter; X-rays, Helliwell Faculty of Science and Engineering
neutrons and electrons Manchester, United Kingdom
11:10 | 11:45 | X-ray Free Electron Lasers: A new Robert European XFEL GmbH
paradigm in science Feidenhans’l Schenefeld, Germany
11:45 | 12:00 | Questions & answers (John R. Helliwell, Robert Feidenhans’l)
12:00 = 13:00 Lunch break
Tuesday session 3
13:00 | 13:25 | Crystallisation - A very practical Nikoletta Cape Peninsula University of
guide to getting that perfect Bathori Technology
single crystal Cape Town, South Africa
13:25 | 13:50 | Protein crystallization Veronika Laboratory of Structural Chemistry
Harmat and Biology
Institute of Chemistry
E6tvos Lorand University
Budapest, Hungary
13:50 | 14:15 | “With a little help from my Chiara Massera | Department of Chemistry
friends”: complementary University of Parma
techniques to get to know your Parma, Italy
crystal structure better
14:15 | 14:30 | Questions & answers (Nikoletta Bathori, Veronika Harmat, Chiara Massera)
14:30 | 15:30 | Laboratory practice (SXRD) / Tamas Holczbauer, Gabor Bortel, Nora V. May, Laura Bereczki,
Eva Kovats, Sourav De, Petra Bombicz: Small molecule X-ray diffraction
15:30 | 16:00 | Question & answers (Laboratory practice (SXRD))
16.00 = 16:20 = Coffee break

ECS6 / July 4-10, 2021 / Budapest, Hungary



Programme in details

ECS6

Tuesday session 4
16:20 | 17:00 | From raw diffraction data to Christian Max-Planck-Institut fiir
refined single crystal structures Lehmann Kristallographie
Mulheim an der Ruhr, Germany
17:00 | 17:10 | Questions & answers (Christian Lehmann)
17:10 1810 Poster session and flash presentations I.
18:15 | 19:15 | Networking /Virtual sightseeing of the Buda Castle
Wednesday / 7 July 2021
Wednesday session 1
8:40 9:55 | Macromolecular structure Manfred S. Helmholtz-Zentrum Berlin
determination by X-ray Weiss Berlin, Germany
crystallography (Part )
9:55 | 10:10 | Questions & answers (Manfred S. Weiss)
10:10 = 10:30 = Coffee break
Wednesday session 2
10:30 | 11:45 | Macromolecular structure Manfred S. Helmholtz-Zentrum Berlin
determination by X-ray Weiss Berlin, Germany
crystallography (Part )
11:45 | 12:00 | Questions & answers (Manfred S. Weiss)
12:00 = 13:00  Lunch break
Wednesday session 3
13:00 | 13:38 | Enzymes involved in key Beata Vértessy | Department of Applied Biotechnology
biomedical processes and Food Science
Budapest University of Technology
and Economics
and Laboratory of Genome
Metabolism and Repair
Institute of Enzimology
Budapest, Hungary
13:38 | 14:15 | Model building and electron Veronika Laboratory of Structural Chemistry
density maps - howtos in protein Harmat and Biology
crystallography Institute of Chemistry
E6tvos Lorand University
Budapest, Hungary
14:15 | 14:30 | Questions & answers (Beata Vértessy, Veronika Harmat)
14:30 | 15:30 | Laboratory practice (Macromol 1) / Ibolya Leveles, Veronika Harmat: Protein crystallization
and data collection
15:30 | 16:00 | Question & answers (Laboratory practice (Macromol 1))
16:00 16:20 Coffee break
Wednesday session 4
16:20 | 16:35 | Validating the results of small Christian W. Max-Planck-Institut fur
molecule single crystal structure Lehmann Kristallographie
analysis Milheim an der Ruhr, Germany
16:35 | 16:50 | Validating the results of Manfred S. Helmholtz-Zentrum Berlin
macromolecule single crystal Weiss Berlin, Germany
structure analysis

ECS6 / July 4-10, 2021 / Budapest, Hungary
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16:50 | 17:05 | Data validation JohnR. University of Manchester
Helliwell Faculty of Science and Engineering
Manchester, United Kingdom
17:05 | 17:10 | Questions & answers (Christian W. Lehmann, Manfred S. Weiss, John R. Helliwell)
17:10 | 17:35 | Data preservation and quality: JohnR. University of Manchester
FAIR and FACT in crystallography Helliwell Faculty of Science and Engineering
Manchester, United Kingdom
17:35 | 18:00 | Equilibrium studies to reveal Eva A.Enyedy | Department of Inorganic and
stability, composition and Analytical Chemistry
structure in solution University of Szeged
Szeged, Hungary
18:00 | 18:10 | Question & answers (John R. Helliwell, Eva A. Enyedy)
18:10 = 19:15 | Networking / Concert of Chemical Singers
Thursday / 8 July 2021
Thursday session 1
8:40 9:05 | Disorder and twinning Laszl6 Fabian School of Pharmacy
University of East Anglia
Norwich, United Kingdom
9:05 9:30 | X-ray diffraction as absolute Attila Bényei University of Debrecen
method to determine absolute Institute of Chemistry
configuration Debrecen, Hungary
9:30 9:55 | Structure determination from Laszl6 Fabian School of Pharmacy
powder diffraction data University of East Anglia
Norwich, United Kingdom
9:55 10:10 | Question & answers (Laszl6 Fabian, Attila Bényei)
10:10 = 10:30 = Coffee break
Thursday session 2
10:30 | 11:08 | Polymorphism of solid state Attila Bényei University of Debrecen
structures and its consequences Institute of Chemistry
Debrecen, Hungary
11:08 | 11:45 | Polymorphism and isostructurality | Petra Bombicz | Chemical Crystallography Research
Laboratory
Research Centre for Natural Sciences
Budapest, Hungary
11:45 | 12:00 | Questions & answers (Attila Bényei, Petra Bombicz)
12:00 = 13:00 = Lunch break
Thursday session 3
13:00 | 14:15 | Is structural characterization Teresa Duarte Instituto Superior Técnico
important in the study of Metal Universidade de Lisboa
Organic Frameworks, bio-MOFs Lisbon, Portugal
and polymorphs? No doubt about
that!
14:15 | 14:30 | Questions & answers (Teresa Duarte)
14:30 | 15:30 | Laboratory practice (Olex2): Horst Puschmann: Solving and refining small-molecule
structures using Olex2
15:30 | 16:00 | Question & answers (Laboratory practice (Olex2))
16:00 = 16:20 = Coffee break

ECS6 / July 4-10, 2021 / Budapest, Hungary
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Thursday session 4
16:20 | 17:00 | Powder Diffraction with single- Christian J. Rigaku Europe SE
crystal instruments Schiirmann Gottingen, Germany

17:00 | 17:10 | Questions & answers (Christian J. Schiirmann)

17:10 | 18:10 | Poster session and flash presentations II.
18:10 = 19:00 = Networking / Quiz & chat

Friday / 9 July 2021

Friday session 1

8:40 9:55 | Stuctural aspects of COVID-19 Vilmos Fiilop University of Warwick
Coventry, United Kingdom

9:55 | 10:10 | Question & answers (Vilmos Fiilop)
10:10 = 10:30 = Coffee break

Friday session 2

10:30 | 11:45 | Crystallography in extreme Andrzej Faculty of Chemistry
conditions Katrusiak Adam Mickiewicz University
Poznan, Poland

11:45 | 12:00 | Questions & answers (Andrzej Katrusiak)
12:00 = 13:00 & Lunch break
Friday session 3

13:00 | 14:15 | Noncovalent interactions at work Giancarlo Politecnico di Milano
Terraneo Milan, Italy

14:15 | 14:30 | Questions & answers (Giancarlo Terraneo)

14:30 | 15:30 | Laboratory practice (Macromol 2): Veronika Harmat, Ibolya Leveles: Solving protein
structures with X-ray crystallography

15:30 | 16:00 | Question & answers (Laboratory practice (Macromol 2))
16:00 16:20 Coffee break

Friday session 4

16:20 | 17:00 | Electron crystallograph Enrico Center for Nanotechnology
Mugnaioli Innovation@NEST
Istituto Italiano di Tecnologia
Pisa, Italy

17:00 | 17:10 | Questions & answers (Enrico Mugnaioli)

17:10 | 17:50 | How to publish your research Mike Andrews | CrysttngComm
Royal Society of Chemistry
London, United Kingdom

17:50 | 18:00 | Question & answers (Mike Andrews)
18:00  18:10  Break \
18:10 | 19:00 & Closing ceremony / Poster prizes / Goodbye drink & chat

Saturday / 10 July 2021
Virtual sunset bike tour in Budapest

20:45 | 21:40

ECS6 / July 4-10, 2021 / Budapest, Hungary 6
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Budapest, Hungary

Kinga Nyiri

Member

Department of Applied Biotechnology and Food Science
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ECS6 BUDAPES Instrumentation and experimental techniques

Accelerated design of new electrode materials for Li-ion and Na-ion
batteries

Iciar Monterrubio"*’, Marine Reynaud', Agnieszka Wizner'?, Nebil A. Katcho'*,
Juan Rodriguez-Carvajal’, Amaia Saracibar®, Javier Carrasco’, Montse Casas-Cabanas’

!Centre for Cooperative Research on Alternative Energies (CIC energiGUNE), Basque Research and
Technology Alliance (BRTA), Alava Technology Park, Albert Einstein 48, 01510 Vitoria-Gasteiz,
Spain, Dpto. de Fisica de la Materia Condensada, UPV/EHU, Campus de Leioa, Bilbao, Spain,
Inorganic Chemistry Department, Science and Technology Faculty, Basque Country University
(UPV/EHU), 48940 Leioa, Bilbao, Spain, “Institute Laue-Langevin, Grenoble, France,

SPhysical Chemistry Department, Pharmacy Faculty, Basque Country University (UPV/EHU), 01006
Vitoria-Gasteiz, Alava Spain

“E-mail: imonterrubio@cicenergigune.com

Keywords: Li-ion batteries, Na-ion batteries, high-throughput, bond-valance

A salient aspect of research in batteries is the discovery of new materials or novel proper-
ties of existing compounds. The traditional approach is to focus on archetype compounds in
which a desirable property was first observed, stimulating further investigations. This has
been the innovation pathway of many battery materials (LiCoO,, LiFePO,) which are found
in commercial Li-ion batteries. Yet the trial-and-error exploration of the materials space is
costly in terms of synthesis and characterization times, which hinders the emergence of new,
disruptive materials.

In this contribution, we will present the strategy that have allowed us to develop new
high-voltage materials for Li-ion and Na-ion batteries based on the analysis of structural
descriptors and on chemical design. This approach consists in spotting, among families of
compounds previously studied in other research fields, the ones that can be turned into elec-
trode materials. It is interesting to note that many electrode materials studied for Li-ion and
Na-ion batteries crystallizes in mineral structures (e.g. rock salts, spinels, olivines, etc.). Then
a mineral compound, selected for the presence in its structure of possible alkali-ion diffusion
pathways, and after relevant chemical modifications, can lead to new electrode materials [1].

Screening the structural databases in quest for structures presenting attractive features is,
however, an unachievable task if it has to be done by hand, but also using costly DFT-based
computational calculations. To tackle this issue, we have developed an efficient computation-
al analysis tool based on the bond-valence theory that enables to carry out a high-throughput
analysis of the available ionic diffusion pathways in thousands of structures in a short time
[2].

Following this approach, we identified the attractive structural framework of the nitrido-
phosphates Na,M(PO,),N, in which two of the three sodium ions are expected to be mobile.
Within this family, Na,V(PO,),N has been found to be the Na-ion cathode material with the
highest operation voltage for the VIV+/VIII+ redox couple together with Na,V,(P,0,), [3].
The associated reaction mechanism occurs with a small voltage hysteresis and a near-zero
volume change between the reduced and charged states, which is pretty uncommon among
sodium-ion electrode materials.

17 ECS6 / July 4-10, 2021 / Budapest, Hungary
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However, the experimental validation stage remains the limiting step of the process. High-
throughput experimental synthesis approaches that are reproducible and scalable are thus
required [2, 4]. Then, we are developing an Al-aided autonomous experimental lab which
includes a closed-loop experimentation process to integrate the feedback from theoretical
calculations, synthesis results, and characterization data.

Acknowledgement:

MCIU for the financial support through the projects ION-STORE, AffINIty and ION-SELF [ENE2016-
81020-R, ENE2016-75242-R], to MCIU, AEI, FEDER within the Programme Retos de investigacion
2019 for the project ION-SELF [PID2019-106519RB-100] and fellowship Ayudas Juan de la Cierva-
Formacion [FICI-2014-19990]; Basque Government through the program ELKARTEK CICE17.
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Calcium Aluminate Cements (CACs) are special type of hydraulic binder which are classi-
fied into low alumina (CAC) and high alumina cement based (HAC) and are a specialty class
of cements with higher ALLO, % wt. in comparison to OPC [1,2]. HACs represent the most
important CACs mainly for refractory castables and typical starting raw materials are pure
limestone and synthetic alumina; principal reactive phases are krotite (CA, CaAl,O,) and
grossite (CA,, CaAl,0,) [3]. Minor elements are commonly added by raw materials and can
enter only in slight amount in aluminate structures and/or promote the growth of unwanted
phases. The effects of some minor elements have been broadly studied but the influence of
Na,O and SiO, has not been studied, despite they represent most common impurities in syn-
thetic alumina.

In the present research we aim to clarify the effect of Na,O and SiO, on HACs manufac-
ture (mineralogy, crystallography and microstructure) by studying four industrial HACs with
different amounts of Na,O and similar SiO, and one highly Na,0O doped HAC by means of
laboratory and synchrotron X-Ray Powder Diffraction, Electron Microprobe MicroAnalyser
(EMPA) and Scanning Electron Microprobe (SEM).

Results highlighted that: (i) all HACs prepared are characterised by CA and CA, and no
evidences of common accessory phases; (ii) Na,O and SiO, appeared mainly concentrated in
a Na-bearing phase with an empirical formula equal to Na,CaAl, ,Si, O, and criptocrystallite
features; (iii) minor elements do not enter preferably in the crystal structure of CA and CA,,.
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At present, many research projects are related to the development of more environmentally
friendly light sources and luminophores. These projects have focused on borates due to their
high chemical stability, thermal and radiation stability, wide transparency region and high la-
ser threshold. In addition, borate compounds have diverse chemical compositions and crystal
structures due to the ability of boron to form anionic BO, group. According to the anionic
group theory, the compounds with isolated boron groups BO, exhibit strong potential for
use in the range of VIS to deep UV range. As a rule, compounds with three coordinated
boron atoms crystallize in structure similar to carbonate minerals. One of the prominent
examples include YAL,(BO,), (YAB) ((UV cut-off - 160 nm) [1], which crystallizes in hunt-
ite (CaMg,(CO,),) structure. Alkali and/or alkali earth borates with a high concentration of
rare earth elements were synthesized and proposed to be efficient phosphor materials. As an
example, RNa,(BO,), (R =Y, La, Nd, Gd) [2] crystallizing with buetschliite-type structure
(K,Ca(CO,), R3 space group) have a low concentration quenching of rare earth atoms. The
existence of these multication borates suggests new complex compounds by replacing part
of the Na' by Ba*'cations, as well as the REE variation. Novel rare earth borates, such as
NaBaSc(BO,), and NaBaY(BO,),, have been discovered in the system R,0,-BaO—-Na,O—
B,0, [3]. The consequent substitution of Na—K and of Ba—Sr results in obtaining two new
compound families of KBaR(BO,), and KSrR(BO,),, which crystallize in the R3 and C2/c
space groups, respectively [4].

In this study, by substituting the cationic part in KBaR(BO;), and YAL,(BO;,), the new rare
earth borates (SmSc,(BO,),, KCaR(BO,), and Li;Ba,Sc,B;0,,) crystalized with carbonate
type structure were obtained. The crystal structure, thermal properties and the phase trans-
formations were discussed. Also, some optical properties are presented, including the Raman
spectra and UV-vis-NIR diffuse reflectance spectra (DRS) of the crystal.
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Copper-silver alloys are among the most ancient alloys and have been used by humans since
prehistoric times. Even today they are paramount in a wide array of fields, ranging from art
to electronics and heavy industry. However, quite some time has passed since this system has
been investigated thoroughly by XRD and new techniques and improved methods have been
developed since then. [1]

The motivation of our studies comes from the study of corrosion phenomena of silver inks
on historic parchments. Within these investigations we analysed the silver inks of the Vien-
nese Genesis [2]. Furthermore, in-situ X-ray diffraction using lab instruments was performed
on Ag-Cu alloys that is in agreement with the original ink composition up to 325 °C.

In our studies of these alloys we found intriguing phenomena [Fig. 1] in this elementary
system while developing an approach to perform corrosion studies with in-situ XRD. This
effect was further investigated using Rietveld-refinement, which led to the formulation of a
hypothesis about the origin of this behaviour and its applications in other fields of research
dependent on Ag-Cu Systems.

Theoretical position
for pure Ag

18000

— 0 min
—— 30 min
—— 60 min
—— 90 min
—— 120 min
—— 150 min
— 180 min
—— 210 min
—— 240 min
—— 270 min

16000 -

14000 H

12000 H

10000

8000

Intensity (counts)

6000

4000

2000 A

2Theta (°)

Figure 1. Peak-shift observed during the corrosion of Ag-Cu-alloys at 275°C with Cu-Ka,/Koa, radiation
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Complex salts of the series [Pd(NH,),]XO, (X = Cr, Mo) are promising precursors of met-
al alloys-catalysts. The possibility of obtaining of the Pd-Cr-Mo system alloys is expected
during the thermolysis of the co-crystallization product (CCP) of these salts. However, a
fundamental understanding of the structure of the precursor salt is necessary to make right
conclusion about the conditions for obtaining a specific alloy, so the aim of the work is the
x-ray structural characterization of these salts and their thermolysis products. In addition, it
is known from the literature that salts of isostructural series (with Pt instead of Pd) exhibit
the effect of negative thermal expansion. Therefore, it would also be interesting to test the
presence of this effect on the example of our salts.

The analysis of two CCP obtained as a result of the co-crystallization of the initial salts at
the ratios of X-metal molar fractions Mo : Cr=1: 1 and 1 : 3 was carried out. X-ray diffrac-
tion analysis (XRD) of ~10 single crystals showed that in both cases the synthesis products are
heterogeneous in composition and are solid solutions of [Pd(NH,),]Mo,Cr, O, (x from 0.02
to 0.88). Moreover, in the case of the product Mo : Cr = 1 : 1 crystals with x~0.8 were pre-
dominantly formed and in the case of the product Mo : Cr=1 : 3 the crystals could be divided
into two groups: large crystals at the edges of the watch glass (x=0.2) and small crystals in the
center (x=~0.05). It is shown that the dependence of the unit cell parameters (UCP) on x is close
to linear. A previously developed UCP refinement technique based on the extraction of Kal
components was tested on the example of a single crystal [Pd(NH,),]Mo,Cr, O, (x=0.02). It
is shown that the UCP values (a=7.3, c=15.4, sp. gr. [4,/amd) determined by this method on
two different devices (Bruker D8 Venture and Bruker X8 Apex) differ by no more than 0.001
A while the UCP defined at the routine XRD data reduction differ in the second decimal place.
The dependence of the UCP of [Pd(NH,),]Mo,Cr, O, salts on x was refined using the same
method. This technique was also used to check the presence of the effect of negative thermal
expansion of a single crystal [Pd(NH,),]CrO, in the temperature range from -173 to +127 °C.

Thermolysis of CCP was carried out in the He and in the H, (with presence of LiH) atmo-
sphere at the temperatures from 910 to 1330 °C. X-ray phase analysis showed the formation
of a solid solution based on the Pd FCC lattice at temperatures below 1000 °C and the Mo
BCC lattice above. The UCP values of the obtained metal phases determined by the method
of full-profile analysis allow us to assume the formation of ternary solid solutions of the
Pd-Cr-Mo system.
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Clay minerals have been largely explored as important, cheap, readily available adsorbents
for the removal of waste materials from domestic and industrial effluents [1,2]. Important
characteristics such as pore size, surface charge and ion exchange properties have been the
utmost parameters which have been at the centre of continuous research to fine tune the
application of clay minerals for various uses. In our earlier work on the extraction and pu-
rification of clay minerals [3,4], powder X-ray diffraction studies revealed that most of the
samples were muscovite clay and these minerals had high adsorptivity for phenolphthalein
and methyl orange dyes. In a current work, diffraction studies have shown that acid activation
greatly affect the morphology and surface characteristics of a series of kaolinite/muscovite
clay which significantly enhances the thermodynamic and kinetic properties of these miner-
als for the adsorption of Pb(II), Cr(II) and Cu(Il) from aqueous media.
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(C,N,H,))[M(H,0),J(HPO,), (M= Co, Ni and Mg): Synthesis and crystal
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The present work deals with the preparation in solution, and the structural determination
of three new hybrid phosphites: (C,N,H,,)[Co(H,0)J(HPO,), (1), (C,N,H,,)[Mg(H,0),]
(HPO,), (2) and (C,N,H,)[Ni(H,0),(HPO,), (3). They are isostructural, crystallizing in the
orthorhombic system (S. G. Pbca), Z = 4, with the cell parameters: a = 11.1797 (3) A, b =
9.7394 (2) A, ¢ = 13.4466 (3) A, V = 1464.11 (6) A® for 1; a = 11.1850 (8), b = 9.7739 (6),
¢ =13.4462 (12), V = 1469.95 (19) A® for 2; and a= 11.1518 (9), b= 9.8014 (8), c= 13.3782
(8) A, V=1462.28(19) A’ for 3. Their crystal structures (Fig.1) exhibit layers, stacked along
the b-axis, trapping the ethylenediammonium cations (H,en)*" in the interlayer space. The
FTIR spectroscopy analysis showed the expected bands of ethylenediamine, water molecules
and hydrogenphosphite oxoanion groups. The thermal analysis revealed mainly the loss of
H,O and ethylenediamine moieties leading to the formation of an anhydrous metal phosphite
compounds. The three compounds were tested and were found to be significantly efficient
as catalysts in the reduction of nitrophenols isomers to their corresponding aminophenols by
NaBH,.

Figure 1. Projection along b-axis of the crystal structures of (C,N,H,)[M(H,0),](HPO;),,
M = Co (1), Mg (2) and Ni (3).
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Utilization of noncovalent interactions to develop designed self-assembly of individual mol-
ecules is a frontier research areal'!. Formation of multicomponent crystals, which are known
as cocrystals, of complexes especially Tonic cocrystals (ICCs) ", is difficult to understand
in most cases!!l. Again, most of the reported cocrystals are two component systems having
different ratios of the individual moieties. In contrast, cocrystals containing more than two
components are rare and have been observed in organic systems!!. In this study, we report
the ICCs of copper bipyridine nitrate with (4,4’-diaminodiphenyl sulfone (DDS). The ICCs
compound is constituted by two crystallographically independent cationic [Cu(2,2’-Bipy)2
(O,NO)] entities, two free nitrate anions, two neutral DDS molecule and three solvate water
molecule.
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Figure 1. (a) Asymetric Unit of [Cu(2,2’-Bipy)2 (O,NO)]"(NO;)(DDS)(H,0), (b) The plots of magnetic
susceptibilities ym vs. T in the temperature region of 0-300 K.
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The importance of solid-state materials of real-life application is constantly increasing. Hence,
the current study was devotem to a series of newly designed and synthesized photoactive
complexes which contain the NO, group bound to the metallic centre. The nitro group may
undergo a photoisomerisation reaction in the solid state under certain conditions — upon light
irradiation or/and temperature changes. The primary aim of the project was to examine the
photoreactivity of the obtained crystal systems and understand the nitro-nitrito linkage isom-
erization mechanism. For that purpose, multi-temperature and spectroscopic experiments
were conducted. Additionally, the XRD experiments with our self-designed light-delivery
device for in situ photocrystallographic experiments [1] were conducted. To thoroughly un-
derstand the photoisomerisation reaction process the reaction cavity volumes, intermolecular
contacts, linkage isomers’ stability and crystal packing were thoroughly investigated.
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Figure 1. The photodifference map showing the coexsistence of both nitro and exo-nitrito linkage isomers.
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Metal-Organic Frameworks (MOFs) are a class of porous hybrid materials produced by a
coordination reaction between metal clusters and organic ligands. The great flexibility upon
which constituents can be varied endow each MOF different physical-chemical properties
that can be further adapted to specific applications [1]. Taking advantage of the great stability
shown by zirconium-based MOFs and the increasing applicability of mercaptosuccinic acid
in biochemical research, this work presents the green synthesis and crystallization conditions
of the cubic (F23) zirconium mercaptosuccinate (BCM-01) isomorphous to previously syn-
thesized MOF-801 and MIP-203-F/S/M [2][3]. BCM-01 was crystallized from water aque-
ous solution by using formic acid as modulator. An screening of the synthesis temperature,
the reagents” concentration and the modulator’s addition was explored in order to found the
best crystallization conditions, as well as the paths to modulate the BCM-01 particle size
down to the nanometer regime.

(a) (b) (©)

Figure 1. (a) Local structure of the zirconium hexanuclear clusters in BCM-01, (b) View of the
octhadral pores of BCM-01 and (¢) View or the pore window entrance to the octhahedral pore system deco-
rated with disordered thiol groups (yellow spheres).
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Crystal engineering utilizes intermolecular interactions for preparing crystalline materials
with desired structural features and physiochemical properties. In order to accomplish this
task it is necessary to have a good understanding of the balance and competition between
many different non-covalent forces. Hydrogen bonding have been the most used intermo-
lecular interaction for synthetic crystal engineering but recent developments in halogen and
chalcogen bonding have shown the potential of such interactions to compete with hydrogen
bonding. In pharmaceutical industry, where there are multiple functional groups in a single
drug molecule, competition between intermolecular interactions can lead to unexpected con-
ditions such as polymorphism. The study of how these interactions compete and co-exit can
be utilized to predict and prevent such adverse conditions.

This study focuses on molecules with multiple donor and acceptor sites capable of form-
ing not only hydrogen bonding but also halogen and chalcogen bonding, Scheme 1. Acti-
vation of halogen atoms through the addition of strong electron withdrawing groups and
chalcogen by changing it from S, Se leads to stronger halogen and chalcogen sigma hole type
interactions creating a competition.

@ Hydrogen bond

donor
Chalcogen bond donor wes) @
‘@w— Acceptor site
Halogen bond :;
donor
X=CLBr.l
Ch=S§, Se

Scheme 1. Molecule containing multiple donor acceptor sites.
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A new one-dimensional cobalt phosphate [(N,H,),Co(HPO,),] was synthesized by wet chem-
istry and characterized by means of single-crystal X-ray diffraction, Fourier Transform In-
frared Spectroscopy (FTIR) and Thermogravimetric Analysis (TGA). Its catalytic activity
was tested using UV-visible absorption measurements [1]. The Compound crystallizes in the
monoclinic system (S.G: P2,/c) with the following cell parameters (A,°): a = 5.3665(3), b =
11.1271(6), c = 7.7017(4), p = 104.843(4), V = 444.55(4) A3 and Z = 2. The crystal structure,
depicted in Figure 1 and consisting of a linear chain, is made of rings of [CoN,O,] octahedra
and [PO3(OH)] tetrahedra sharing vertices via oxygen atoms coordinated to cobalt centers.
The rings are linked to chains running along [001] and form thereby polymeric chains that are
connected by hydrogen bonds in a three-dimensional arrangement. The phosphate complex
exhibits efficiency in catalytic oxidation and degradation of methylene blue dye. The ac mag-
netic susceptibility shows a peak indicating antiferromagnetic order with a Neel temperature
of 5.5 K. fitting the Curie-Weiss equation to the ac magnetic susceptibility above 50K gives
the average Curie-Weiss Constant to be —11.8K.

Figure 1. The crystal structure of [(N,H;),Co(HPO,),] in a projection along [001] emphasizing the hydro-
gen bonding (Dashed line) between the chains.
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Photoinduced linkage isomers (PLI) in nitrosyl complexes have been extensively studied us-
ing photocrystallography for the determination of the light-induced structural changes. Gen-
erally, in order to get the best possible structural information on PLI in nitrosyl complexes,
the molecular compound is preferred to be ‘disorder free’ particularly at ‘nitrosyl’ position
before excitation. It is always difficult to locate the light induced structural changes, and even
more so if the position of nitrosyl is itself disordered in the ground state (GS). The present
research effort highlights the idea of choosing a centrosymmetric Pnma space group [1] over
the acentric polar space group Pna2, with an inversion twin, in order to properly locate the
structural configuration of the PLI with X-ray crystallography even at the disordered nitrosyl
position. We redetermined the crystal structure of [Ru(NH,)(NO)]Cl,.H,O, reported in Pna2,
[2], but discovered a disorder of NH, and NO groups over two positions, with additionnally
an inversion twin of ~0.5 in GS. Refining the structure is possible, but needs the application
of several constraints and thus limits severely the study of the PLI. Solving the same struc-
ture in Pnma allows for structure determination of the PLI. We have generated PLII by laser
irradiation at 422nm and PLI2 by subsequent irradiation at 1064nm, yielding populations of
45 and 10.6% respectively. The PLI configurations were first identified on photodifference
maps. Subequent refinement using isonitrosyl and side-on configuration of the NO ligand for
PLI1 and PLI2 converged and allowed for determining a structural model for these two states
in Pnma space group. This result indicates that in some cases when encoutering disordered
molecules at nitrosyl position, refinement of the structure using a higher symmetery would
reduce/resolve the problem.

(a) (b) (©) (d)

Figure 1. (a) GS crystal structure solved in Pna2; with N101 N7(H,)=0.66, N8O2 N5(H,)=0.34, inversion
twin 0.5 (b) GS crystal structure solved in Pnma (¢) MS1 in Pnma (d) MS2 in Pnma
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The implementation of pillarplexes as functional building blocks is investigated towards
the formation of porous materials. The class of supramolecular organometallic complexes
(SOCs) includes the pillarplexes.[1] The complexes bear macrocyclic NHC ligands and eight
metal centers forming a tubular cavity, where exclusive shape selective encapsulation of lin-
ear molecules is possible. By simple anion exchange reactions the solubility of the pillarplex
salts is tuned. The (Au(I)-pillarplexes show intrinsic photoluminescence.[2][3][4] The struc-
tural self-assembly is expected to be governed by the shape, charge and size of employed
anions based on their interactions with the anisotropic pillarplex cations.

4
: Metal
NHC li -
C ligand o coordination

8 Metal Centers
Au(l) or Ag(lf©——

NHC ligand

Organic rim

Pillarplex - H bonding

= T stacking

Figure 1. Schematic presentation of the pillarplex anion interactions sites.

Consequently, a series of pillarplex salts with various anions is targeted to synthesized and character-
ized towards the structure and crystal packing to fulfill the aim of identification of the structure-dictat-
ing interactions. The pillarplex salts are synthesized by simple anion exchange reaction and crystalized
under solvothermal conditions. The salts are characterized by solid-state analysis (PXRD, SC-XRD,
TGA) following porosity measurements (BET) and selected examples are presented and discussed.

Acknowledgement:

We thank the Deutsche Forschungsgemeinschaft (DFG Projekt: SPP 1928, Coornets) for
financial support as well as the TUM Graduate School and FCI. A thanks to the LRZ for the
high-performance computing capacity.

References:

1. A. Pothig, A. Casini, Theranostics 2019, 9, 3150-31609.

2. P.J. Altmann, A. Pothig, J. Am. Chem. Soc. 2016, 138, 13171-13174.

3. P.J. Altmann, C. Jandl, A. P&thig, Dalt. Trans. 2015, 44, 11278-11281.

4. P.J. Altmann, A. Pothig, Angew. Chemie - Int. Ed. 2017, 56, 15733-15736.

35 ECS6 / July 4-10, 2021 / Budapest, Hungary



Structural chemistry ECSé6

Crystal structure of dinuclear complexes based on Schiff base ligand
o-van-en

Lenka Kresakova'", Juraj Kuchdr', Anna Vrdablovd', Juraj Cerndk!

'Department of Inorganic Chemistry, Institute of Chemistry, Faculty of Science, P. J. Safarik
University in KoSice, SK-041 54 Kosice, Slovakia (juraj.cernak@upjs.sk)
“E-mail: lenka.kresakova@student.upjs.sk

Keywords: Schiff base ligand, heterodinuclear complexes, crystal structure

There is a great potential of the Schiff bases generated from o-vanillin and diamino precur-
sors in coordination chemistry due to their ability to incorporate in their two compartments a
variety of chemical species, e.g. a pair of 3d and 4f atoms. Thus formed dinuclear 3d/4f com-
plexes exhibit interesting properties including magnetism, luminescence, catalysis or cyto-
toxicity [1], [2]. Previously, we have studied heterodinuclear Ni/Ln (Ln = Ce, Gd, Dy) com-
plexes [Ni(o-van-en)Ln(H,0)Cl,;] based on o-van-en, Schiff base formed by condensation of
o-vanillin and ethylenediamine, and chlorido co-ligands [3]. All three complexes behave as
field induced SMMs including the nominally isotropic Gd(III) complex. As a continuation of
our research we have prepared and characterized novel complexes using bromide co-ligands,
namely [Ni(o-van-en)GdBr(H,0),]Br, EtOH (1), [Ni(o-van-en)DyBr(H,0),]Br,-EtOH (2)
and [Ni(o-van-en)CeBr,(CH,;OH)(H,0),]Br-H,0O (3). The results of the crystal structure
analysis of the Ce(IIl) compound, stable at room temperature, comfirmed the formation of
the expected molecular structure with nona-coordinated Ce(IIT) atom and successful incor-
poration of two bromido ligands in the coordination sphere of Ce(III) atom (see Figure 1.).

Figure 1. Molecular structure of [Ni(o-van-en)
CeBr,(CH,0H)(H,0),]Br-H,0 (3).
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Dithiadiazolyl radicals have been investigated as molecular magnets [1]. The compound
4'-(4-cyano-2,3,5,6-tetrafluorophenyl)-1,2,3,5-dithiadiazolyl (radical 1) has received much
attention due to the interesting magnetic properties of its two polymorphs. The a-polymorph
of 1 shows Curie-Weiss behavior above 50 K indicating weak antiferromagnetic interac-
tions but due to its elusive nature it has been termed a “disappearing polymorph” [2]. The
B-polymorph crystallises as long needles, and orders as a ferromagnet at 36 K under ambient
pressure [2]. 1a exhibits anti-parallel alignment of chains in the solid state while 1p has co-
parallel alignment of chains in the solid state (Figure 1). This study aimed to identify how
we could achieve polymorphic control of 1 using another DTDA, 4'-(2,6-difluorophenyl)-
1,2,3,5-dithiadiazolyl (radical 2), as an additive during sublimation crystallisation. We found
that the control over the morphology of the crystals of 1P is achieved by co-sublimation with
2. Polymorphic control of 1 using 2 as an additive is also achievable when using dichloro-
methane to mix the two radicals prior to sublimation. An explanation for the effect of the
presence of 2 on the crystals of 1 is proposed. This study confirms the feasibility of using co-
sublimation of DTDAs as a technique for achieving polymorphic control provided suitable
sublimation conditions have been chosen.

1a 1B

Figure 1. The anti-parallel (left) and co-parallel (right) alignment of chains in polymorphs of 1 dictate the
magnetic behavior observed.
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In this poster I would like to introduce in some examples how the single-crystal X-ray dif-
fraction can support the results obtained from aqueous solution stability of half-sandwich
Rh(IIT) and Ru(II) complexes. Most of these complexes show anticancer activity [1] and in
the preclinical studies the solution stability and reactions under physiological conditions are
crucial [2]. In this research area a plethora of complex structures were determined by single-
crystal X-ray diffraction. Most of these structures proved the coordination mode of ligands.
However, there are cases when di- or trinuclear complexes were found in the solid phase
although in solution the mononuclear complex is present [3].

I will show examples how we can extract more information which can support the results
obtained from aqueous stability measurements and structure-activity relationship studies.
Steric congestion resulted in lower complex stability in the case of the N,N,N’ N’-tetrameth-
ylethylenediamine ligand [4]. Another example proved the decomposition of half-sandwich
Ru(arene) complexes of 2,2’-bipyridine-like ligands [5]. Finally, I will present a predictive
model for the chloride ion affinity of various half-sandwich Rh(C,Me,) complexes based on
structural parameters e.g. bond angles [4].
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Synthesizing new constitutional isomers of thiophene derived annulenes [1] were al-
ways a challenging task in organic synthesis. The most popular ones are porphycene and
Confused(inverted) porphyrin. There are many reports for the “Confused” Porphyrin and
Porphycenes but till now there is no report in the literature for “Confused” Porphycene.
Herein we’ll report first time the synthesis of the 20w as well as two different types of 30n
Confused Porphycenes (inverted Porphycene), Which was confirmed by X-Ray diffraction
analysis. X-Ray diffraction analysis suggests clearly about non planner nature of these Por-
phycenes, due to which They do not display any kind of ring current effects which was
confirmed by its 1H NMR spectrum. NICS calculations reveal the non-(anti)aromatic as well
non-aromatic behaviour for the Porphycenes.

The reason behind exploring the chemistry of these molecules is the unique structural and
electronic features of these compounds which can give rise to interesting physical and optical
properties with applications in biomedicine and materials science. [2]

4

Figure 1. Molecular structure of 20m, 30r and 307 porphycenes as determined from single crystal X-ray
diffraction analysis
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Halogen bonding is an indispensable tool for chemists, used in a wide variety of applications
ranging from design and synthesis of liquid crystalline, phosphorescent and non-linear optical
materials, to resolution of racemic mixtures, and pharmaceutical property modulation through
co-crystal formation.[1] Many structural features of these materials are a direct result of the
high directionality and tunability of these -hole interactions, and the magnitude of the ¢-hole
potential is often used as a yardstick to measure the strength of its halogen-bond donor ability.
A stronger interaction results in synthon robustness which is desriable in terms of molecular
recognition, structural prediction, self-assembly and design strategy.[2] A double activation
strategy has previously been demonstrated to produce effective and powerful halogen bond
donors with very high o-hole potentials.[3] In this work, we attempt to push the boundaries of
activation even further in triply activated halogen-bond donors. Here we present a library of
triply activated 3-iodo-1-phenylprop-2-yn-1-ones, substituted with -F, -C=N and -NO, groups
which display the highest known o-hole potentials to date. We compute interaction energies be-
tween synthesized targets and ammonia as a model acceptor to predict the most stable interac-
tion from within this series. We also compare the targets explored herein with other previously
studied molecules exhibiting strong halogen bonds with favorable 6-hole potentials.[4]

Z

Y. US X=H, Y=H, Z=H
AF X=H, Y=H, Z=F
3CN X=H, Y=CN, Z=
4CN X=H, Y=H, Z=CN
3N X=H, Y=NO,, Z=H
4N X=H, Y=H, Z=NO

(o) % 24DN X,Z=NO,, Y=H
|
Figure 1. Targets explored in this study
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In field of molecular magnetism, often investigated systems are miscellaneous copper com-
pounds because of its spin simplicity S=1/2 and using copper oxides as catalysts. Because of
its dynamic nature, metal-organic systems are not even approximately investigated as oxide
compounds, especially compounds with pyrazine and pyridine based ligands in which cop-
per is bridged by halogen element. So far it is known that pyrazine and pyrazine derivates
can be mediators of magnetic exchange within dimers, linear chains and two-dimensional
lattices, and they are used in preparation of low-dimensional magnetic materials. However,
some insight in functional group effects on magnetic exchange of these systems in literature
is not observed. [1] In order to understand the magnetic behaviour of crystalline coordination
compounds and correlate structural features (in particular, functional groups, chemical link-
ages, bond length and angles) we prepared a series of 1-D halide coordination polymers of
copper(Il) with halogen derivatives of pyridine.

For all obtained coordination compounds ([CuX,(3-Spy),], (X=Cl, Br; S=ClI, Br, I)temper-
ature dependence of magnetization M(T) was measured using SQUID magnetometer in the
temperature range 2-300 K. Linear dependence between magnetization and magnetic field
allows usage of the linear magnetic susceptibility, . In accordance with crystal structure, we
applied approach of Bonner—Fischer and modelled entire M(T) curves for all obtained com-
pounds using spin chain of antiferromagnetically interacting neighbouring Cu2+ ions along
structural chains where impact of the counter ion and Cu—X---Cu angles on superexchange
interaction J is observed.
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Cocrystals are multi-component crystalline materials obtained by the interaction of at least
two different molecules in a defined stoichiometric ratio. The choice of suitable coformers
and the final physical properties still represent the main challenges in predicting cocrystal
formation. Crystal engineering is therefore a useful tool providing a heuristic approach based
on the complementarity among molecules functionalities and their recurrence in the crystal
structures. Nowadays pharmaceutical and agrochemical industry largely use cocrystals to
tune physical properties of the active components, such as solubility or volatility, without
altering their chemical structure [1]. The coformers thus play a rule of “co-builders” of a new
crystalline scaffold, but their molecular properties often remain untapped.

The purpose of this work is thus to exploit cocrystalisation to drive the release of active
molecules and control their availability. We here report about cocrystals examples where the
release of the active components is triggered by external stimuli as a function of the coformer
used. In addition, it is worth noting that all cocrystals proposed are synthesized through
mechanochemical methods (grinding, ball milling).

Figure 1. Design of cocrystals for driving the release of active molecules.
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1,2,5-Chalcogenadiazoles are of interest to the fundamental chemistry and its applications
in materials science. Their common property is high positive electron affinity (EA) making
them effective electron acceptors. The transfer of electron density onto the heterocycle may be
complete, leading to the thermodynamically stable radical anions (RAs), or partial one lead-
ing to charge transfer complexes (CTC)[1]. The present contribution covers several examples
of the above reactivity of 5,6-Dicyano-1,2,5-selenadiazolo[3,4-b]pyrazine 1 - a novel strong
acceptor with reversible single-electron reduction at —0.022 V vs. SCE (cyclic voltammetry).
Reaction of 1 with potassium thiophenolate or Na,S,0, gives RA salts [K(18-crown-6)][1] (2)
and [Na(18-crown-6)][1] (3) respectively. 2 and 3 have remarkably different crystal structures,
despite very little difference between compositions, which affects their magnetic properties
[2]. Interaction of 1 with Ph,PCl, KBr or KI gives chalcogen bonded anionic complexes 4, 5
and 6 respectively, which were isolated and structurally characterized by XRD. The length of
the Se-X bond in the anions 4, 5 and 6 is by 1 A longer than the sum of the covalent radii, but
by 0.4 A shorter than the sum of Van Der Waals radii, indicating that these are rather weak
complexes. Complexes 4, S, and 6 are the new examples of the family of chalcogen bonded
anionic complexes, previously obtained only for 3,4-dicyano-1,2,5-chalcogenadiazoles [1].

Figure 1. XRD structures of RA salt 2 (left) and CT complex 6 (right)
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Hydrogen-bonded organic frameworks (HOFs) are a relatively new class of crystalline po-
rous material. They are formed from organic compounds which self-assemble into porous
crystalline frameworks solely through hydrogen bonding interactions [1]. Our early results
cocrystallising N,N’-bis(isophthalate) functionalised imidazolium with amidinium linkers
led to the formation of large single crystals of HOFs, permitting detailed structural analysis
with X-ray crystallography. The imidazolium moiety serves as a precursor to N-heterocyclic
carbenes (NHCs), able to be deprotonated at the N-CH-N carbon and subsequently coordi-
nated to metal complexes. Two-coordinate metal complexes of N-heterocyclic carbenes can
be photoluminescent and have potential for use in optoelectronic devices [2]. Our studies
work towards the encapsulation of these NHC-complexes within the pores of the HOFs in
order to study how the enclosed environment influences this fluorescence. The HOF will
be used as a scaffold, with the NHC compounds serving the dual purpose of a linker in the
framework and a ligand in the complex.

Figure 1. Left: Chemical structures of linkers used in this work; Right: Crystal structure of a HOF contain-
ing these linkers.
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Replacing inorganic materials for organic molecular crystals can reduce cost and toxicity
related to production and processing in many applications. The functional properties of these
materials, such as thermal and electronic conductivity, optical transparency and ferroelectric-
ity, can be tuned by substitution of atoms or functional groups.

If the structure after substitution is similar to that of the initial compound, this can be an
indication of tunable functional properties. This work is carried out as a case study, with the
goal of finding substitutions that can preserve or yield a polar structure, as materials with a
polar structure can exhibit ferroelectric properties.

There are reports in literature of promising substitutions yielding isostructural compounds,
indicating possibility of tuning material properties as well as preserving a desired structure
[1]. Further, there are reports of substitution that can lower symmetry from a non-polar to a
polar space group [2,3]. Both these types of substitutions are investigated to find what substi-
tutions can be used for tuning material properties in general, and what substitutions that can
be suited to achieve a ferroelectric molecular crystal.

In this work, searches in the Cambridge Structural Database are used to find compounds
only differing by an atom or a functional group. The structures associated with a substitution
are compared to determine if the structure is preserved or if the substitution yields a whole
new material. By screening the CSD, trends in the effect of substitution on the structure of
molecular crystals is investigated.

This will aid design of new molecular crystals as well as guide attempts to tune the mate-
rial properties of organic molecular crystals.
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Peroxido compounds belong to polyoxocompounds which are a wide and diverse group,
characterizing by various structures, properties and applications: catalytic oxidation of cyclic
hydrocarbons, alcohols and sulfides, epoxidation, effluent treatment, pyrotechnics, hydro-
metallurgy and medicine. Peroxido compounds are built of MO, clusters, where M is transi-
tion metal in the highest oxidation state and O is oxygen. Moreover, peroxide compounds
characterize by the presence of low strength of -O-O- bonds. It is possible to observe one,
two or four peroxo-bonds connected with one metallic center.

Peroxidomoliybtate are synthesized in our group since 2013 [1,2,3]. This study show crys-
tal structure of ten oxidodiperoxidocompounds with various derivates of pyridine carbox-
ylic nicotinic acid, nicotinic acid N-oxide, picolinic acid N-oxide, isonicotinic acid N-oxide,
2,6-dicarboxypyridene acid and 3,5-dicarboxypyridene acid. The newest four compounds
contain 2,6-dicarboxypyridine acid or 3,5-dicarboxypyridine acid as an organic part. Picture
1 shows two newest hybrids of potassium oxidodiperoxido molybdate(VI).

Figure 1. Visualisation of an asymetric unit of K-26dcpa and K-35dcpa[4]
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Porphyrins and its derivatives have been attracting significant importance ranging from its
applications in the biological field to material. Its unique properties such as redox, metala-
tion and structural dynamics makes them a promising class of molecules. Expanded form of
porphyrinis expected to have more diverse applications. But due to its structural dynamics,
aggregation, -m interactions, it becomes challenging to characterize these class of molecules
in the solution state. Therefore, X-ray crystallography provides a strapping evidence for ex-
ploring this chemistry. Hence, this workshop will be very useful for my research to establish
fruitful porphyrinoid chemistry.

Our current studies of expanded form of porphyrin, a core modified hexaphyrin, shows
various structural transformations of a macrocycle upon addition of suitable oxidising and
reducing agent. Its 26w, 28w, 30 conjugated system have different conformation and all
these three states of macrocycle is redox interconvertible. Because of its wide range of redox
properties these can be promising candidates for future organic electronics®.
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Figure 1. Interconvertible redox stages of core-modified hexaphyrin
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Furan-phenylene co-oligomers are considered as promising materials for organic optoelec-
tronics due to superior solubility (compared to their thiophene analogues), high photolumi-
nescence quantum yields and charge mobility [1]. However, the systematic study of their
substituted derivatives, in particular with electron-withdrawing groups is still lacking [2].

In this work a series of fluorinated furan-phenylenes (Figure 1, F-FP5s) were crystallized
and studied. The structures of fluorinated FP5s differ by x-slip (shift along the long molecular
axis) and inclination angle (§,,) against the basal crystal facet. All structures are formed by
n-n-stacking, C-H- - -F interactions and F- - -F close contacts, in turn C-H: - ‘& interactions were
found only for FP.5. The direction of n-m-stacking corresponds to the direction of crystal
growth for elongated-shaped crystals. Upon the fluorintation, the solubility in toluene in-
creases for central fluorinated phenylene ring (FP.5) and decreases at fluorination of the ter-
minal phenyl rings as compared with FP5. All compounds have high luminescence efficiency
in THF solution (~80%) and in crystals (~50%), the highest PL QY has FP.5 (61%) due to the
greatest inclination of molecules with respect to the main crystal facet.

R R, LD '
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FPES (R1237H, R4=F) i
F1-FP:5 (Ry 4=F, Ry 3=H) (001) 7
F2-FPe5 (Ry4=F, Ry 3=H) ) B 4 74
F5-FP:5 (R,=F) 200 200 ym ~ 200 ym 200 ym 200 ym

FP5 (Rn—H)
F5-FP5 (Ry 25=F, Ry=F)

Figure 1. The chemical scheme, fragments of crystal structures in respect to the main crystal facet and
single crystals under blue laser irradiation (405 nm) of fluorintated furan-phenylenes.

In summary, we have demonstrated a series of highly-emissive single crystals based on fluo-
rine-substituted furan-phenylenes. The crystal packing and optical properties of linear conju-
gated oligomers can be effectively tuned by the selective introduction of fluorine substituents.
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Microporous materials like zeolites have great academic and industrial applications in cataly-
sis because of their varying properties which are strongly related to their crystalline structure.
While single crystal X-ray diffraction and powder X-ray diffraction are the main techniques
for structure solution, they are limited by the small crystal sizes usually obtained during the
synthesis and by strong peak overlapping, respectively. Thus, in last decades a novel method
called Electron Diffraction Tomography (EDT) or 3D Electron Diffraction (3D ED) has been
developed allowing crystalline structure determination of nano-sized crystals performed in
standard transmission electron microscopes.[1][2][3] This method can be assisted by Pre-
cession Electron Diffraction (PED) which minimizes dynamical effects and also provides
reduction of excitation error.[4] Both techniques in combination with a continuous tilt of the
crystal during acquisition of diffraction patterns can result on an almost complete reconstruc-
tion of reciprocal space. Thus, the unit cell and space group of zeolites, as well as intensities
of reflections can be obtained from ED patterns, allowing the complete estrucure determina-
tion of the material.[5]

In this work, we have determined the complete structure of pure silica zeolite A, a material
synthetized in our institute,[6] using a combination of EDT and PED.
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Metal-Organic Frameworks (MOFs) have emerged as highly promising porous and crystal-
line materials to address heavy metal pollution, overcoming the adsorbing capacities and
kinetics of classic adsorbents [1]. MOFs are formed by easily tunable inorganic and organic
building blocks arranged in a porous and ordered fashion, creating a crystalline structure with
large surface areas. Among all the broad variety of MOFs, Zr (IV) based ones, like MOF-808,
have attracted the attention of the scientific community because of their great water stabil-
ity, even in acidic conditions. However, the majority of Zr-MOFs show little selectivity to-
wards heavy metal ion capture [2], which can be overcome encoding —SH, -NH, or -COOH
functionalities into their structures. In these work, cysteine, histidine and citric acid have
been post-synthetically anchored to the uncoordinated positions of Zr hexanuclear clusters of
MOF-808, in order to increase its adsorption affinity over metal cations with different acidi-
ties. In fact, MOF-808 has six uncoordinated positions per cluster where formate molecules
are found. Amino acids and natural acids can easily replace formate anions mimicking their
binding mechanism to the cluster through the carboxyl groups [3]. Final encoding provides
the pores of MOF-808 with amino acid residual groups able to act as metal-adsorption sites
(Fig. 1) similar to the ones found in many metalloproteins active cores.

Figure 1. Post-synthetic functionalization of MOF-808 with cysteine and possible metal adsorbing sites.
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Metal-organic frameworks are a class of permanently porous materials exhibiting impres-
sive chemical tunability and high internal surface areas.[1] An important subset of MOFs
features high densities of exposed metal cation sites that typically act as Lewis acids, able
to accept electron density from easily polarized gas molecules, such as CO,.[2] This electro-
static interaction is at the basis for a wide variety of potential applications in gas storage and
separations.[3] Moreover, MOFs featuring n-donating exposed metal sites acids can display
unprecedented selectivity in separations with gas molecules that can behave as m-acids, such
as CO and other small molecules with low-lying ©* orbitals. Exceptional adsorption per-
formances have been indeed observed in MOFs with coordinatively unsaturated Fe*" sites
that undergo a transition from high to low spin upon binding CO. The framework Fe-BTTri
(H,BTTri = 1,3,5-tris(1H-1,2,3-triazol-5-yl)benzene) exhibits extremely steep yet revers-
ible CO uptake.[3] Moreover, a cooperative spin transition mechanism for CO uptake on
Fe?* sites has been reported for Fe,Cl,(btdd) (H,btdd = bis(1H-1,2,3-triazolo[4,5-b],[4,5'-1])
dibenzo[1,4]dioxin ).[4] In this contribution we report our work on the characterization of
these adsorption processes with X-ray absorption spectroscopy (XAS) experiments in oper-
ando conditions (Figure 1). These experiments are able to provide a direct and highly sensi-
tive measure of the electronic processes behind the CO adsorption induced spin transition,
providing valuable electronic structure details about the underlying mechanism.
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Figure 1. Fe L, ;-edge spectra for FeBTTri under different gas atmosphere,
showing the CO-induced spin-transition (orange line).
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The study of lipid/protein/salt/water systems is important and interesting from several points
of view: understanding the factors influencing the conformational changes of lipid structures;
control and understanding of the organization of protein crystals in lipid media; and the be-
havior of water in a multicomponent mixture under different conditions. In the present work
we investigated the kinetics of ice formation in self-assembled hemoglobin/monoolein/salt/
water system by X-ray diffraction (XRD) under continuous flow of liquid nitrogen (cryo-
streaming). We show that the confined water molecules in the liquid crystalline system may
form crystals of cubic and hexagonal symmetries during the freezing process. The rate con-
stants for every diffraction peak of cubic phase of water were calculated from the obtained
XRD data.
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X-ray Free Electron Laser (XFEL) are a new generation of light sources that provide novel
experimental capabilities to study structure and dynamics in biology, chemistry and material
sciences due to their short and highly coherent X-ray pulses. Serial femtosecond crystallog-
raphy (SFX) is a powerful new method at XFELs, providing the ability of collecting many
thousands of diffraction patterns from individual protein microcrystals prior to radiation
damage and at near physological temperatures. It also enables time-resolved SFX (TR-SFX);
the study of protein reaction structural dynamics [1].

Fixed-target SFX sample delivery methods have principally focused on chips microfab-
ricated from silicon wafers that offer an inert support for the immobilized crystals and a
precise aperuture array for rapid alignment strategies [2]. These chips are reusable but brittle
and prone to fracturing. Furthermore, they can also give strong bragg reflections along the
Si(111) axis when misaligned.

Here we present preliminary data on polymer-based fixed-targets being developed for
TR-SFX at SwissMX, the SwissFEL end station dedicated to fixed-target SFX. As a model
system for time-resolved measurements, streptavidin-biotin binding will be used. We aim at
capturing the binding events of photocaged biotin- and Strep-Tag II- derivatives upon pho-
tocleavage initiated by an optical laser pulse at defined time-points before probing with the
XFEL pulse.

polymer filen with
arrays of micro-cavities
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Figure 1. Left: Fixed-target entstation at SwissFEL’s Bernina, Right: solid supports for SFX

57 ECS6 / July 4-10, 2021 / Budapest, Hungary



Structural biology ECSé6

Acknowledgement:
This project is supported by the Swiss Nanoscience Institute (SNI #1904)

References:
1. Chapman, H. N., et al. (2011). Femtosecond X-ray protein nanocrystallography, Nature 470(7332),

73-77.
2. Sherrell, D. A., et al. (2015). “A modular and compact portable mini-endstation for high-precision,

high-speed fixed target serial crystallography at FEL and synchrotron sources.” J. Synchrotron
Radiation. 22, 1372-1378.

ECS6 / July 4-10, 2021 / Budapest, Hungary 58



ECS6 BUDAPES Structural biology

SAXS structural characterization of full-length murine prion protein

Stefano Da Vela'", Mohsin Shafiq’, Ladan Amin®, Behnam Mohammadi?,
Taisiia Cheremnykh!, Hermann Altmeppen’, David A. Harris®, Markus Glatzel?,
Dmitri I. Svergun’

"European Molecular Biology Laboratory (EMBL) Notkestr. 85, 22607 Hamburg, Germany,
“University Medical Center Hamburg-Eppendorf (UKE), Martinistr. 52, 20246 Hamburg, Germany,
SBoston University School of Medicine, Boston, MA 02118, United States

“E-mail: sdavela@embl-hamburg.de

Keywords: SAXS, prion, protein, disorder

The prion protein (PrP) is a key protein in the pathogenesis of several neurodegenerative
diseases, such as scrapie, kuru, Creutzfeldt-Jakob disease and bovine spongiform encepha-
lopathy, where it converts to a misfolded aggregation-prone conformational variant (PrP5°)
[1]. Interestingly, PrP has also been shown to modulate the aggregation of amyloid beta
(AP) fibril aggregation in Alzheimer’s disease while retaining its cellular form (PrP¢) [2]. We
studied murine PrPC, in the solution state, by small-angle X-ray scattering (SAXS). SAXS
is a powerful tool for the characterization of proteins featuring disordered regions in quasi-
native conditions. We could model the structure of full-length PrP¢, including its disordered
N-terminal portion [3], and characterize it as a conformational ensemble. Using SAXS and
complementary techniques we showed that the aggregation state of PrP¢ is dependent on the
buffer conditions employed even when the cellular conformational variant is maintained.
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Figure 1. Left, SAXS data (dots) and best model fit (solid line) for murine PrPC. Right, a typical conforma-
tion of PrP¢, featuring the disordered N-terminus.
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Nucleases from S1-P1 family are metal dependent enzymes mostly occurring in fungi, plants,
trypanosomatids and bacteria. Structures of some of them have already been solved using
crystallographic techniques. S1-P1 nucleases also occur in human pathogens including rep-
resentatives of genus Leishmania or opportunistic bacteria such as Stenotrophomonas malto-
philia or Legionella pneumophila. Regarding the fact that S1-P1 nucleases are not present
in human, they may represent potential drug targets. However, their structures and their role
in pathogens remain unknown. S1-P1 nuclease from S. maltophilia was expressed in E. coli
and its structure has been solved. Furthermore, its biophysical and catalytical properties were
investigated. Following research will be focused on ligand binding into the active site with
the aim to gain a better understanding of the specific properties of the enzyme from the mul-
tiresistant bacterial strain.
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Cytochromes from P450 family are found in most organisms where they are involved in the
metabolism and synthesis of steroids, bile acids, unsaturated fatty acids, phenolic metabolites
as well as in the neutralization of exogenic chemicals [1]. Drugs targeting cytochromes P450
have been shown to inhibit the growth of Mycobacterium tuberculosis, the causative agent
of one of the deadliest diseases — tuberculosis [2]. Thus, inhibition of cytochromes P450 is a
promising strategy for the development of new anti-tuberculosis drugs.

In this work the crystal structure of mycobacterial cytochrome P450 was obtained. The
crystals diffracted up to 1,6 A and allow for unambiguously determination of conformations
of key aminoacids in the active site as well as important water molecules. Complementary
experiments were carried out to access and determine dissociation constants of putative li-
gands binding to the protein with microscale thermophoresis (MST).
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Hepatocyte nuclear factor 1A (HNF-1A) plays a crucial role in pancreatic islet development
and B-cell function, making it indispensable for the regulation of blood glucose levels via
glucose-stimulated insulin secretion. Mutations in the HNF-1A gene are associated with a
monogenic form of diabetes mellitus, Maturity-onset Diabetes of the Young 3 (MODY?3)
[1]. Mutations affect the dimerization domain, the DNA-binding domain, and the disordered
region of the protein [2]. With the aim to understand this enigmatic protein on the molecular
level, we set out to study native and pathogenic HNF-1A variants in an in vitro environment.
Here, we present the development of an efficient protein purification protocol for different
HNF-1A constructs, as well as initial data on protein structure. Biophysical methods confirm
an alpha-helical fold with the presence of random coil structures and small-angle X-ray scat-
tering (SAXS) data demonstrate a high degree of flexibility in the POU transcription factor.
Initial X-ray crystallographic experiments and biochemical DNA binding assays pave the
way to understand the binding mode to a promoter region crucial for 3-cell function.
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Microcrystal electron diffraction (micro-ED) is a cryo-TEM technique that can be used to
determine the atomic structure of proteins, peptides, and small molecules [1]. Micro-ED data
is obtained by continuously tilting the crystal in the cryo-TEM while recording diffraction
information [2]. This method has been successfully used for the structure determination of
proteins such as proteinase K, lysozyme, adenosine A,, receptor (G-protein coupled recep-
tor) and peptides such as an Alzheimer associated amyloid-f (20-34), SVQIVY (tau protein
fragment) and others [3-7].

Growing diffraction quality crystals of proteins and peptides can be challenging. X-ray
diffraction techniques typically require crystals that are at least | pm in each direction. Crys-
tals smaller than that could not be utilized in single crystal diffraction studies until the advent
of micro-ED. In this technique the ideal thickness of the crystal perpendicular to the incident
beam is in the nanometer range [2].

In this contribution we report on our research to determine the structure of gramicidin D,
a peptide antibiotic produced non-ribosomally by Bacillus brevis [8]. It acts, in part, by creat-
ing pores in membranes, rendering them incapable of supporting life-sustaining transmem-
branal gradients. Gramicidin is a highly apolar pentadecapeptide consisting of alternating
D- and L-amino acids. Naturally occurring gramicidin is a mixture of isoforms: gA (80%),
gB (6%), and gC (14%). The amino acid sequence of gA is:

Formyl-NH-L—-Val-Gly-L—-Ala-D-Leu-L—-Ala—D-Val-L—Val-D—Val-L-Trp-D-Leu-L—
Trp11-D-Leu—L-Trp—D-Leu-L-Trp—CO-NH-CH2-CH2-OH.

In gB and gC, Trp at position 11 is replaced by L-Phe and L-Tyr, respectively. The ion con-
ducting form of gD is generally considered to be a dimer. Gramicidin exists in two major
conformations; a head-to-head, single stranded helical dimer and a left- or right-handed in-
tertwined, parallel or antiparallel, double stranded double helix [9].

The peptide was dissolved in a mixture of ethanol / PEG 4000 and crystallized in batch-
mode at 4°C. Small plate-like crystals formed. The crystals in the presence of ethanol / PEG
4000 mixture were transferred onto Quantifoil R 2/2 grids and access solvent was removed
by vacuum suction. The grids were flash frozen in liquid nitrogen and transferred into a
Glacios cryo-TEM equipped with a Ceta-D camera. Datasets from several crystals were suc-
cessfully collected. We will discuss the data processing in XDS and our progress on solving
and refining the structure.
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