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Tematyka Konwersatorium obejmuje badania podstawowe i stosowane dotyczace
idealnej i realnej struktury krysztatbw prowadzone za pomocg promieniowania
rentgenowskiego uzyskiwanego zaréwno tradycyjnymi metodami jak i w synchrotro-
nach, badania przy uzyciu neutronéw i elektronow, zagadnienia symetrii, przemian
fazowych i wzrostu krysztatéw, nowe metody badawcze i obliczeniowe oraz wszelkie
inne aspekty krystalografii. Konwersatorium stanowi forum wymiany pogladéw
wszystkich polskich krystalografow.

llustracja na okladce: Struktury krystaliczne na podstawie danych strukturalnych: (Pip)2[KBiBrs] z pracy
M. Rowiriska, O. Korolevycha, A. Kabanski, D. Stefanska, T. J. Bedmarchuk, A. Piecha-Bisiorek, A. Gagor,
Chemistry of Materials w druku, wyk. M. Rowiriska; MHy2PbBrs7los z pracy D. Drozdowski, A. Kabarski,
D. Stefanska, M. Ptak, M. Maczka, A. Gagor, Journal of Material Chemistry C, 18 (2024) 6653,
doi: 10.1039/d4tc00865k, wyk. D. Drozdowski; MHyPbCls z pracy M. Maczka, A. Gagor, Jan K. Zargba,
D. Stefariska, M. Drozd, S. Balciunas, M. Siménas, J. Banys, A. Sieradzki, 32 (2020) 4072,
doi:10.1021/acs.chemmater.0c00973, wyk. D. Drozdowski; zdjecie perowskitu CaTiOs (Achmatowsk, Rosja)
ze zbioréw Muzeum Mineralogicznego Uniwersytetu Wroctawskiego, wyk. M. Daszkiewicz.

Projekt i wykonanie oktadki: M. Daszkiewicz



PROGRAM KONWERSATORIUM | WARSZTATOW

POLSKIEGO TOWARZYSTWA KRYSTALOGRAFICZNEGO

PROGRAMME OF THE MEETING AND PCrA WORKSHOP
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9:00 - 13:15

15:00 - 21:00

WARSZTATY NAUKOWE PTKryst / PCrA WORKSHOP
Presentation and demonstration of CCDC tools

Pablo Martinez-Bulit, Izabela Madura
The Cambridge Crystallographic Data Centre, Politechnika Warszawska

SESJA NAUKOWA SEKCJI MLODYCH KRYSTALOGRAFOW
POLSKIEGO TOWARZYSTWA KRYSTALOGRAFICZNEGO /
SCIENTIFIC SESSION OF THE YOUNG CRYSTALLOGRAPHERS
SECTION OF THE POLISH CRYSTALLOGRAPHIC ASSOCIATION

Czwartek, 26 czerwca 2025 r. / Thursday, June 26, 2025

9:00 - 9:30

9:30-10:00

10:00 - 10:20

10:20 - 10:40

10:40 - 11:00

OTWARCIE KONWERSATORIUM / OPENING CEREMONY
Wreczenie nagrdd laureatom 6. Olimpiady Krystalograficznej
Award ceremony for the winners of the 6t Crystallographic Olympiad

Ogtoszenie wynikow konkurséw Diamenty 2023 oraz 2024
Announcement of the results of the Diamonds 2023 and 2024
competitions

SESJA REFERATOW 1/ ORAL PRESENTATIONS 1

Grzegorz Bujacz, Kajetan Duszynski, Anna Bujacz

Struktury krystaliczne ptasich i ssaczych surowiczych albumin
Instytut Biotechnologii Molekularnej i Przemystowej, Politechnika t6dzka

Krzysztof Brzezinski
A closer look at molecular mechanisms underlying inhibition of

S-adenosyl-I-homocysteine hydrolase by transition metal cations
Department of Structural Biology of Prokaryotic Organisms, Institute of Bioorganic
Chemistry, Polish Academy of Sciences

Maura Malinska

Advancing protein structure and ligand binding studies with quantum
crystallography

Wydziat Chemii, Uniwersytet Warszawski

Bartosz Sekuta, Maciej Nielipinski, Agnieszka Pietrzyk-Brzezinska

Arginine metabolism as a molecular target for herbicide development
Institute of Molecular and Industrial Biotechnology, Faculty of Biotechnology and Food
Sciences, Lodz University of Technology
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R-2

R-3

R-4



11:00 - 11:30

11:30 - 11:40

11:40 - 12:00

12:00 — 12:20

12:20 - 12:40

12:40 - 12:50

12:50 - 15:00

15:00 - 15:20

15:20 - 15:30

15:30 - 15:50

PRZERWA / BREAK

SESJA REFERATOW 2/ ORAL PRESENTATIONS 2

Ellen HaulBler, Kaushick Parui, Anton A. Kulbakov, Darren C. Peets,
Dmytro S. Inosov, Thomas Doert

Double hydroxides BB’(OH)s — hydrogen disorder and magnetic
frustration

Faculty of Chemistry and Food Chemistry; Institute of Solid State and Materials Physics,

Technische Universitat Dresden

Wojciech Stawinski, Grzegorz tach, Roman Gajda, Michat Chodkiewicz,
Piotr Rejnhardt, Mihails Arhangelskis, Christopher Ridlay, Craig Bull,
Krzysztof Wozniak

Hidden complexity in D20 ice VII

Faculty of Chemistry; Faculty of Physics, University of Warsaw; ISIS Neutron and Muon
Source, STFC, Rutherford Appleton Laboratory; EaStCHEM School of Chemistry,
University of Edinburgh; Spallation Neutron Source, Oak Ridge National Laboratory

Andrzej Katrusiak

Crystallographic quaternions
Department of Materials Chemistry, Faculty of Chemistry, Adam Mickiewicz University

Pablo Martinez-Bulit

Crystal Structure Exploration - | didn't know Mercury could do that
The Cambridge Crystallographic Data Centre

Marek Daszkiewicz, Kinga Fojcik

S-ibuprofen at extreme conditions
Instytut Niskich Temperatur i Badan Strukturalnych im. Wiodzimierza Trzebiatowskiego
PAN we Wroctawiu

PRZERWA / BREAK

SESJA REFERATOW 3 / ORAL PRESENTATIONS 3

Felix Hennersdorf
Advancing structural science: innovations in Rigaku Oxford

Diffraction instrumentation
Rigaku Europe SE, Neu-Isenburg, Germany

Andrzej Wojtas
Prezentacja dyfraktometrow firmy PROTO Manufacturing
PROTO Manufacturing Europe Sp. z 0.0. / METLAB Sp. z 0.0.

Szymon Stolarek

Enabling nanoscale insight: advanced X-ray scattering solutions from

Xenocs
Xenocs SAS
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15:50 - 16:10

16:10 — 16:30

16:30 — 16:50

16:50 - 17:00

17:00 - 18:30
17:00

Sebastian Machowski

Charakterystyka materiatdw akumulatorowych przy uzyciu technik
dyfrakcji rentgenowskiej

Testchem Sp. z 0. 0.

Jakub Al Samarrai

Technologia D8: napedzajac nowoczesng nauke
Labsoft, Bruker AXS

Sandra Zierler, Fazilet Guerer, Kamil Urbanski
High-quality Pair Distribution Function (PDF) analysis in home
laboratory

Anton Paar GmbH, Austria; Anton Paar Poland sp. z 0.0.

Patryk Wrébel
Nowoczesne metody analizy struktury i faz materiatow: rozwiazania

XRD oferowane przez firme¢ Scanmat i LANScientific
SCANMAT Sp. z 0.0.

SESJA PLAKATOWA A/ POSTER SESSION A

Przekaski serwowane dzieki wsparciu Rigaku Europe SE
Snacks served with the support of Rigaku Europe SE

Piatek, 27 czerwca 2025 r. / Friday, June 27, 2025

9:00 -10:30

10:30 - 10:45

10:45 -11:05

11:05 - 11:25

11:25-11:45

SESJA PLAKATOWA B / POSTER SESSION B

PRZERWA /| BREAK

SESJA REFERATOW 4 / ORAL PRESENTATIONS 4

Svitlana Shishkina, Olexander Shalimov
Competition of strong hydrogen bonds as a reason for the
concomitant polymorphs formation

State Scientific Institution, Institute for Single Crystals, NAS of Ukraine; Institute of Organic

Chemistry, NAS of Ukraine

Anna Makal
Triethylphosphine: a ‘molecular gear’ enabling SCSC phase

transitions
University of Warsaw, Faculty of Chemistry, Biological and Chemical Research Centre

Oskar Kaszubowski, Katarzyna Slepokura

Nucleotide crystal structure landscape exploration in the light of
dehydration
Faculty of Chemistry, University of Wroctaw
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R-16

R-17
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R-19



11:45-12:05

12:05 - 12:25

12:25 -12:45

12:45-13:05

13:05-13:20

15:00 - 17:00

Urszula Maciotek, Rafat Typek, Anna E. Koziot
Flawonoidy w supramolekularnych uktadach dwusktadnikowych: od

struktury do rozpuszczalnosci
Instytut Nauk Chemicznych, Wydziat Chemii, Uniwersytet Marii Curie-Sktodowskiej, Lublin

Dorota Glosz, Aleksandra Zabiriska, Martyna Dyczkowska, Joachim
Grzybowski, Monika Srebro-Hooper, James G. M. Hooper, Tadeusz M.
Muziot, Robert Podgajny

Syntony anion-, - i wigzania wodorowe z udziatem
wielopozycyjnych receptoréw aniondw — nowa biblioteka

wielosktadnikowych krysztatéw i adduktéw molekularnych

Wydziat Chemii, Uniwersytet Jagielloriski w Krakowie; Szkota Doktorska Nauk Scistych i
Przyrodniczych, Uniwersytet Jagielloriski w Krakowie; Wydziat Chemii Uniwersytetu
Mikotaja Kopernika w Toruniu

Piotr A. Gunka

Interkalaty tlenku arsenu(lll): poréwnanie stereoaktywnosci par

elektronowych arsenu i sity oddziatywan drugorzedowych
Wydziat Chemiczny, Politechnika Warszawska

Natalia Miniajluk-Gawet, Pawet Tomaszewski

Polowanie na Shreka
Instytut Niskich Temperatur i Badan Strukturalnych im. Wiodzimierza Trzebiatowskiego
PAN we Wroctawiu

ZAKONCZENIE KONWERSATORIUM / CLOSING CEREMONY

Wreczenie dyploméw za najlepsze prezentacje plakatowe
Granting diplomas for the best poster presentations

WALNE ZEBRANIE SPRAWOZDAWCZO-WYBORCZE POLSKIEGO
TOWARZYSTWA KRYSTALOGRAFICZNEGO / GENERAL ASSEMBLY
MEETING OF THE POLISH CRYSTALLOGRAPHIC ASSOCIATION

R-20

R-21

R-22

R-23



PROGRAM SESJI NAUKOWEJ SEKCJI MLODYCH
KRYSTALOGRAFOW POLSKIEGO TOWARZYSTWA
KRYSTALOGRAFICZNEGO

PROGRAMME OF THE SCIENTIFIC SESSION OF THE YOUNG
CRYSTALLOGRAPHERS SECTION OF THE POLISH
CRYSTALLOGRAPHIC ASSOCIATION

Sroda, 25 czerwca 2025 . | Wednesday, June 25, 2025

15:00 — 15:15

15:15-15:25

15:25-15:35

15:35-15:45

15:45 - 15:55

15:55 - 16:05

16:05 - 16:20

OTWARCIE SESJI/ OPENING CEREMONY

Maciej Ejnik, Piotr Bruzdziak, Anna Ciborska, Anna Dotega
Aktywacja wigzania nitrylowego w kompleksach ztota(lll) z ligandami

N-donorowymi - studium strukturalno-obliczeniowe
Katedra Chemii Nieorganicznej, Wydziat Chemiczny, Politechnika Gdariska

Emilia Wiatr, Michat Duda
Analiza prébek ultramaryny przy uzyciu techniki rentgenowskiej

dyfraktometrii proszkowej
Wydziat Chemii, Uniwersytet Jagielloriski w Krakowie

Monika Hryniuk

Przyjaciele od zadan specjalnych: jak EPR i pomiary magnetyczne
moga uzupetnié¢ wyniki rentgenograficzne

Wydziat Chemii, Uniwersytet Wroctawski

Kinga Pokrywka, Marta Grzechowiak, Joanna Sliwiak,

Paulina Worsztynowicz, Joanna Loch, Mirostaw Gilski, Mariusz Jaskolski
Structural insights into stable ligand complexes of class 3
L-asparaginase

Institute of Bioorganic Chemistry, Polish Academy of Sciences; Department of Crystal

Chemistry and Crystal Physics, Faculty of Chemistry, Jagiellonian University; Department
of Crystallography, Faculty of Chemistry, Adam Mickiewicz University

Vladyslav Maliuzhenko, Marek Weselski, Jakub Wojciechowski,
Robert Bronisz

Structural transformations caused by visible-light induced
cycloaddition in novel polyaromatic-based photoresponsive

coordination systems
Faculty of Chemistry, University of Wroctaw; Rigaku Europe SE

PRZERWA /| BREAK

M-1

M-2

M-3

M-4

M-5



16:20 - 16:30

16:30 — 16:40

16:40 — 16:50

16:50 - 17:00

17:00-17:10

17:10-17:25

17:25

Adrian Kowalinski, Rafat Petrus
Synthesis of heterometallic rare-earth complexes using homometallic

zinc precursors
Faculty of Chemistry, Wroctaw University of Science and Technology

Bartosz Ciesla, tukasz Ponikiewski, Piotr Bruzdziak, Zbigniew Hnatejko,
Renata Lyszczek, Agnieszka Pladzyk

Wptyw podstawnikéw w pierscieniu pirazynowym na strukture

i wtasciwosci heteroleptycznych silanotiolanéw cynku(ll) i kadmu(ll)
Katedra Chemii Nieorganicznej, Wydziat Chemiczny, Politechnika Gdanska; Katedra
Chemii Fizycznej, Wydziat Chemiczny, Politechnika Gdanska; Zaktad Ziem Rzadkich,
Wydziat Chemiczny, Uniwersytet im. Adama Mickiewicza; Katedra Chemii Ogélnej,
Koordynacyjnej i Krystalografii, Wydziat Chemii,

Instytut Nauk Chemicznych, Uniwersytet im. Marii Curie-Sktodowskiej

Karolina Matuszak, Rafat Petrus

Heterometallic alkali metal - magnesium/zinc/calcium aryloxides
based on double-opened dicubane core structure

Wroclaw University of Science and Technology, Faculty of Chemistry

Pablo Martinez-Bulit

Crystal structure exploration - | didn’t know Mercury could do that
The Cambridge Crystallographic Data Centre

Daniel Mariusz Tchon, Stef Smeets, Luka3 Palatinus
Generalizing instamatic data collection framework for electron
crystallography

Institute of Physics, Czech Academy of Sciences; Netherlands eScience Centre

PRZERWA / BREAK

WRECZENIE NAGROD / AWARD CEREMONY

M-6

M-7

M-8

M-9

M-10
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AKTYWACJA WIAZANIA NITRYLOWEGO W KOMPLEKSACH
ZY.OTA(II) Z LIGANDAMI N-DONOROWYMI -
STUDIUM STRUKTURALNO-OBLICZENIOWE

Maciej Ejnik*, Piotr Bruzdziak, Anna Ciborska, Anna Dol¢ga

Katedra Chemii Nieorganicznej, Wydzial Chemiczny, Politechnika Gdanska
ul. Narutowicza 11/12, 80-233 Gdansk

*e-mail: s185339@student.pg.edu.pl

W ramach badan prowadzonych w naszym zespole zaobserwowaliSmy
zwigkszenie podatnosci wigzania nitrylowego na atak elektrofilowy w wybranych
kompleksach zlota(Ill) z ligandami N-donorowymi, takimi jak cyjanopirydyny
icyjanotiazole [1]. Opisalismy hydrolize¢ grupy nitrylowej do amidowej
2-cyjanopirydyny oraz 2,4-dicyjanopirydyny zwigzanych ze ztotem(III) [1] dodatkowo
dzigki najnowszym wynikom badah poszerzamy doniesienia o alkoholize wigzania
nitrylowego w kompleksie z 2-cyjanotiazolem (Rys. 1).

= | 1) HAUCI, AN
B ————
2)H,0 | NH
\N CN /N\Au/
[ ci
Cl
CN
@ 7
NC
= 1) HAuCI, AN /
B ——
2 H,0 | NH
\ 2
N CN 7 N\Au/\
/ ¢l
Cl

S
SYCN 2 eq. HAUCI, /EtOH 4/ N/ OEt o
\ / \ / AuCl,

N

Rys. 1. Aktywacja wigzania nitrylowego w reakcjach hydrolizy i alkoholizy.

Zblizenie grupy nitrylowej do sfery koordynacyjnej ztota skutkuje aktywacja na
addycje elektrofilowg do atomu wegla grupy nitrylowej. Produkty reakcji zostaly
wyizolowane w postaci monokrystalicznej 1 scharakteryzowane za pomoca

66 Konwersatorium Krystalograficzne, Warsztaty
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rentgenowskiej analizy strukturalnej, a uzyskane struktury zostaly wykorzystane do
przeprowadzenia obliczen kwantowo-mechanicznych — wyznaczenia mechanizmu
reakcji, profilu oddziatywan miedzyczasteczkowych czy struktury elektronowe;.

Zaroéwno zwigzek 2 jak 1 zwigzek 3 otrzymano w postaci solwatow bezposrednio
z mieszanin poreakcyjnych. Zwiazki 1 1 2 dimeryzuja w wyniku tworzenia
miedzyczasteczkowych wigzan wodorowych. W przypadku zwigzku 3 brak takiej
tendencji, co wynika z nieobecnosci odpowiedniego atomu akceptorowego wigzania
wodorowego. Wszystkie z trzech rozpatrywanych kompleksow cechuje praktycznie
idealna geometria ptaskokwadratowa, typowa dla zwiazkow Au(Ill); parametr
geometryczny 14 [2,3] dla kompleksow pirydynowych wynosi 0,06, natomiast dla
tiazolowego 0,07.

€1

Rys. 2. Struktury molekularne komplekséw 1, 2 1 3.

Badania zostaly dofinansowane w ramach grantéw:
e Technetium 14/1/2022/IDUB/IIl.4¢c/Tc pt. ,,Gold complexes with N-donor
ligands glowing microbe killers”,
e Radium 1/2/2024/IDUB/III.1a/Ra ,,Gold catalyzed nitrile hydrolysis™.
Obliczenia  zostaly = wykonane z  wykorzystaniem komputeréw  Centrum
Informatycznego Trojmiejskiej Akademickiej Sieci Komputerowe;.

Literatura

[1] M. Ejnik, P. Bruzdziak, K. Gutmanska, A. Ciborska, M. Malik, A. Brillowska-Dabrowska, D. Gudat,
A. Dolega, Spectrochim. Acta A, 325 (2025) 125055.

[2] A. Okuniewski, D. Rosiak, J. Chojnacki, B. Becker, Polyhedron, 90 (2015) 47-57.

[3] D. Rosiak, A. Okuniewski, J. Chojnacki, Polyhedron, 146 (2018) 35-41.
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ANALIZA PROBEK ULTRAMARYNY PRZY UZYCIU TECHNIKI
RENTGENOWSKIEJ DYFRAKTOMETRII PROSZKOWEJ

Emilia Wiatr, Michal Duda

Wydziat Chemii, Uniwersytet Jagiellonski w Krakowie,
ul. Gronostajowa 2, 30-387 Krakow

Ultramaryna to naturalny pigment czgsto stosowany w malarstwie historycznym,
tradycyjnie otrzymywany z mineralu o nazwie lapis lazuli [1]. Ultramaryna zaliczana jest
do grupy glinokrzemian6éw o strukturze typu sodalitu, natomiast za jej niebieska barwe
odpowiedzialne sg anionorodniki S3°*~ [2].

Ultramaryna naturalna w okresie sredniowiecza byta cenniejsza od ztota, a jej sto-
sowanie ze wzgledu na cen¢ byto ograniczone do najwazniejszych fragmentéw obrazow.
Stad pojawita si¢ potrzeba syntetycznego wytworzenia ultramaryny — barwnika, ktory
intensywnos$cig 1 trwato$cig barwy, a takze sktadem chemicznym bedzie odpowiadat
lazurytowi, a jego cena bedzie znacznie nizsza.

Rys. 1. Wypolerowana brytka lapis lazuli z widocznymi warstwami bogatymi w lazuryt
(niebieskie) oraz jasng srodkowa warstwa mineratow towarzyszacych.

Przeprowadzone badania miaty na celu ustalenie, czy przy uzyciu techniki XRPD
mozliwe jest znalezienie roznic mi¢dzy naturalnymi 1 syntetycznymi probkami ultrama-
ryny. Uzyskane wyniki wykazaty, Zze na podstawie szerokosci polowkowej (FWHM)
maksimow dyfrakcyjnych mozliwe jest okreslenie pochodzenia ultramaryny — naturalnej
lub otrzymanej na drodze syntezy. FW HM probek syntetycznych przyjmuja wigksze war-
tosci niz w przypadku probek naturalnych.

W badaniach dyfrakcyjnych waznym elementem jest rowniez analiza fazowa —
wykorzystywany w syntezie kaolinit jest czgsto obecny w probkach syntetycznych, nie
wystepuje natomiast w przypadku prébek naturalnych.

Literatura

[1] J. Bensted, J. Munn, CWB, 17(6) (2012) 409-414.

[2] N. V. Chukanov, A. N. Sapozhnikov, R. Y. Shendrik, M. F. Vigasina, R. Steudel, Minerals, 10(11)
(2020) 1042-1065.
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PRZYJACIELE OD ZADAN SPECJALNYCH: JAK EPR
I POMIARY MAGNETYCZNE MOGA UZUPELNIC WYNIKI
RENTGENOGRAFICZNE

Monika Hryniuk

Wydziat Chemii, Uniwersytet Wroctawski, F. Joliot-Curie 14, 50-300 Wroctaw

Krystalografia jest kluczowa forma badan nad ciatami statymi. Daje nam nie tylko
informacje o strukturze krystalicznej, pomaga tez w analizie wlasciwosci zwigzkow. Co
jednak, gdy badamy uktady rodnikowe lub wykazujace wihasciwosci magnetyczne?
W tym przypadku musimy uzupetia¢ wyniki krystalograficzne pomiarami magnetyzmu
1 wynikami spektroskopii Elektronowego Rezonansu Paramagnetycznego (EPR — ang.
Electron Paramagnetic Resonance).

Rodniki organiczne stanowig wazng grup¢ zwigzkow funkcjonalnych. Bez
pomiarow EPR, nie jesteSmy w stanie w jednoznaczny sposob okresli¢ polozenia
niesparowanego elektronu, ani oddziatywan z atomami obecnymi w uktadzie. Jednakze,
jakie anomalie mozemy zaobserwowac¢ dla struktury uktadu, gdy posiada niezerowy spin
elektronowy? Rentgenografia strukturalna umozliwia nam odpowiedZ na to pytanie,
pokazujac tym samym jej wage dla badan nad rodnikami, dla ktorych, jak wiadomo, nie
jestesmy w stanie uzywac techniki jadrowego rezonansu magnetycznego (NMR- ang.
Nuclear Magnetic Resonance).

W rozwazaniach nad potaczeniem badah magnetycznych z krystalografig, nie
sposob nie wspomnie¢ o niesamowitym odkryciu profesora Lisa z Uniwersytetu
Wroctawskiego. W 1980 roku, jako pierwszy na $wiecie, zaobserwowal 1 opisata
struktur¢  kompleksu  [Mn2(CH3COO)16(H20)401222CH3COOH*4H,0O[1]  (rys.1),
zwanego Mnl2. Zwigzek ten jest uznawany za pierwszy odkryty magnes molekularny
(SMM - ang. Single-Molecule Magnet). Dlaczego, w takim razie, odkrycie SMM
przypisujemy Sessoli’emu 1 wsp. [2] oraz datujemy na lata dziewi¢cdziesigte? O tym
jeszcze si¢ przekonamy.

Rys. 1. Struktura [Mnlz(CH3COO)16(H20)4012 * 2CH3COOH + 4H,0 [3]

iteratura
[1] T.Lis, Acta Crystallogr. B, 36(9) (1980) 2042-2046.
[2] R. Sessoli et al., Nature, 365(6442) (1993) 141-143.
[3] L. Escalera-Moreno et al., Chem. Sci., 9(13) (2018) 3265-3275.
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STRUCTURAL INSIGHTS INTO STABLE LIGAND COMPLEXES
OF CLASS 3 L-ASPARAGINASE

Kinga Pokrywka!, Marta Grzechowiak!, Joanna Sliwiak!,
Paulina Worsztynowicz!, Joanna Loch?, Miroslaw Gilski'*, Mariusz Jaskolski'?

I Institute of Bioorganic Chemistry, Polish Academy of Sciences, Noskowskiego 12/14,
61-704 Poznan, Poland
? Department of Crystal Chemistry and Crystal Physics, Faculty of Chemistry,
Jagiellonian University, Gronostajowa 2, 30-387 Krakow, Poland
3 Department of Crystallography, Faculty of Chemistry, Adam Mickiewicz University,
Uniwersytetu Poznanskiego 8, 61-614 Poznan, Poland

A representative of Class 3 L-asparaginases, the inducible zinc-containing
homodimeric enzyme ReAV from the nitrogen-fixing bacterium Rhizobium etli, is
structurally and sequentially distinct from other known L-asparaginases. This unique
feature positions ReAV as an attractive candidate to replace the immunogenic Class 1
asparaginases currently used in the treatment of acute lymphoblastic leukemia. Since the
detailed catalytic mechanism of ReAV is not known, we conducted mutagenesis
experiments of the conserved Lys138 residue from the zinc coordination sphere,
generating two variants (K138 A and K138H) with significantly reduced enzyme turnover
numbers. Furthermore, enzyme kinetic analyses revealed that substitution of the native
Zn*" with Cd?" cations considerably reduced the activity of both, the wild-type ReAV
enzyme and its two variants, while increasing the substrate affinity at the same time. Cd**
inhibition was further intensified by the metal-coordination-disrupting Lys138
substitutions. The Cd** containing K138A and K138H variants, which exhibited reduced
activity but increased substrate affinity, were co-crystallized with the L-Asn substrate.
The crystal structures clearly demonstrated the mode of substrate binding in the active
site. Analysis of the optimal trajectory for the nucleophilic attack led to the identification
of Ser48 as the catalytic nucleophile in the L-asparaginase reaction of ReAV. We propose
that ReAV catalyzes the reaction via a double-displacement mechanism, in which the
acyl-enzyme covalent ester intermediate formed at the first stage of the reaction is later
hydrolyzed by a direct attack of an activated water molecule. Interestingly, we identified
a potential allosteric site near the dimer interface, where the hydrogen bond network and
crystallographic parameters confirmed the presence of L-Asp, i.e., the product of the
L-asparaginase reaction. Work supported by National Science Centre (NCN, Poland)
grant 2020/37/B/NZ1/03250.
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STRUCTURAL TRANSFORMATIONS CAUSED
BY VISIBLE-LIGHT INDUCED CYCLOADDITION IN
NOVEL POLYAROMATIC-BASED PHOTORESPONSIVE
COORDINATION SYSTEMS

Vladyslav Maliuzhenko!, Marek Weselski!,
Jakub Wojciechowski?, Robert Bronisz!

I Faculty of Chemistry, F. Joliot-Curie Street 14, 50-383 Wroctaw, Poland
? Rigaku Europe SE, Hugenottenallee 167, 63263 Neu Isenburg, Germany

Photochemical reactions performed in the solid state are currently of significant
interest in fundamental research due to their potential to enable solvent-free syntheses
that yield stereospecific products. [1] Stimuli-responsive compounds—so-called smart
materials—are capable of undergoing reversible chemical and/or structural changes
upon exposure to external stimuli such as light, mechanical stress, electricity, or heat.
These materials are attracting increasing attention in fields such as actuators, sensors,
for medical applications, and information storage.

Crystalline materials, due to their well-defined and ordered structures, present
a promising platform for the development of novel smart materials with enhanced
stimuli-responsive properties. In particular, framework materials (e.g., metal-organic
frameworks, covalent organic frameworks) and molecular crystals (e.g., organic
molecules and molecular cages) offer distinct advantages over amorphous materials
in this context. [2]

Moreover, photoinduced structural transformations in certain transition metal-
and lanthanide-based coordination compounds can lead to pronounced changes
in magnetic behavior. [3,4] However, determining the crystal structures of the resulting
photoproducts can be challenging, as light irradiation often causes significant
deterioration in crystal quality. Despite this, modern high-flux single-crystal
diffractometers allow for the successful collection of high-quality data, even from
partially degraded crystals.

Herein, we report the synthesis and crystal structures of two polyaromatic
ligands containing a monosubstituted azole donor group. One of these ligands forms
homoleptic coordination compounds with divalent 3d metal cations. The parent
mononuclear solvated complexes, 1-Mono-solv, undergo a complete intermolecular
cycloaddition upon irradiation, yielding one-dimensional coordination polymers,
1-Poly-solv. Crystal structures of both the monomeric and polymeric forms will
be presented. The results of variable-temperature magnetic and diffraction studies
on selected metal-based systems will also be presented.
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SYNTHESIS OF HETEROMETALLIC RARE-EARTH
COMPLEXES USING HOMOMETALLIC ZINC PRECURSORS

Adrian Kowalinski, Rafal Petrus

Faculty of Chemistry, Wroctaw University of Science and Technology,
Smoluchowskiego 23, 50-370 Wroctaw, Poland

Over the last three decades, heterometallic 3d—4f complexes have attracted much
attention because of their structural diversity, luminescence, and magnetic or adsorptive
properties. Their multiple adjacent metal sites together with their unique electronic and
structural features offer the promise of catalytic performance. These systems enable
cooperative effects between the 3d and 4f metal centers, which can enhance reactivity
and selectivity in catalytic applications. Additionally, tunable coordination
environments of heterometallic complexes provide a versatile platform for designing
catalysts tailored to specific chemical transformations [1-3].

Based on literature research we decided to develop a new method of
heterometallic complexes synthesis with the use of molecular precursors. In this study,
we used homometallic zinc clusters [Zn4(L)s], [Zna(u3-OMe)2(L)s] (HL = methyl
salicylate) as the molecular frameworks to incorporate rare earth metal ions between
Zn'"" atoms [4]. This was achieved through a direct reaction of those precursors with
RECI; (RE™ =Y, Ho, Er) at a Zn":RE™ ratio of 2:1 in THF/MeOH mixture, as shown
in Figure 1. In both reactions, ligand exchange between RECI3 and Zn(L): or
Zn(OMe)(L) led to the formation of RE(L)s; and ClZn(X) (for X = OMe, L, OH, Cl)
species. The results indicated that the structures of the heterometallic compounds
formed correlate with the structures of the precursors used.

~
2 RECl, _on

sz 0>zin\_/\j >z:n/\o . THF, MeOH bo 3 \)

[REZny(L)4Cl3(H20)]

CO [Zna(L)s] |
4x + 4 ZnEty —— Cl
oH -EtH RE =Y, Ho, Er c' O\Zn/

P % eY

(0]
\
<Z %0 | THF, MeOH _ g/ Zn <(|) _2RECK _ < \\ //H\\ // >
H

OH T x=15 <4 //\\H//\\

Zn \Zn/O THF, MeOH
Hsal-Me / | N \0) /
0 /u /\J

[Zn4(p3-OMe)z(L)6]

[RE22n4(u3 OH),(u-OMe),(L)¢Cly]

Fig. 1. Synthesis of [REZny(L)4Cl3(H20)], [RE2Zn4(u3-OH)2(n-OMe)2(L)6Cly] (RE =Y, Ho, Er)
complexes with the use of zinc molecular precursors.

66 Konwersatorium Krystalograficzne, Warsztaty
i Sesja Sekcji Mtodych Krystalograféw PTKryst, Wroctaw 25-27 VI 2025 17



M-6

The reaction of [Zn4(L)s] with 2 equiv of RECl; in THF/MeOH resulted in the
formation of trinuclear compounds [REZny(sal-Me)sCI3(H20)] (RE =Y (56.9%), Ho
(71.9%) Er (50.0%)), where the central RE™! ion is coordinated by four chelating methyl
salicylate ligands and is positioned between two Zn'' ions (Figure 2a). During this
reaction, disaggregation occurs, and Cl" from RECIl; migrates to Zn", forming terminal
chlorozinc species. When RECI3 was reacted with [Zna(p3-OMe)2(L)s] in a THF/MeOH
mixture, hexanuclear compounds [RE2Zn4(p3-OH)2(pn-OMe)z(sal-Me)sCl4]
(RE =Y (79.9%), Ho (84.9%), Er (81.73%)) were formed (Figure 2b). Those
compounds contain, in addition to, six methyl salicylate and two methoxy ligands, four
CI" and two HO™ groups. The presence of two n3-OH bridges is caused by the hydrolysis
of RE-CI species during heating.

a) b)
Fig. 2. Structures of [YZn»(L)4+Cl3(H20)] (a), and [Y2Zna(p3-OH)2(n-OMe)2(L)sCls] (b) complexes.

Well-defined complexes were investigated as initiators in the ring-opening
polymerization of macrocyclic lactones:  -pentadecanolide (PDL) and
w-hexadecanolide (HDL). The obtained low molecular weight polypentadecanolides
(PPDLs) and polyhexadecanolides (PHDLs) were investigated as modifying agents for
commercial polylactide (PLLA) resin and used to prepare PLLA/PPDL or PLLA/PHDL
blends.
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WPLYW PODSTAWNIKOW W PIERSCIENIU PIRAZYNOWYM
NA STRUKTURE I WEASCIWOSCI HETEROLEPTYCZNYCH
SILANOTIOLANOW CYNKU(I) I KADMU(II)

Bartosz Ciesla', Lukasz Ponikiewski', Piotr Bruzdziak?, Zbigniew Hnatejko®,
Renata Lyszczek®, Agnieszka Pladzyk'

! Katedra Chemii Nieorganicznej, Wydzial Chemiczny, Politechnika Gdarnska,
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Poszukiwanie nowych prekursorow materiatéw funkcjonalnych o $cisle
zdefiniowanych wiasciwosciach od wielu lat cieszy si¢ duzym zainteresowaniem.
Niezbednym w tym przypadku jest zrozumienie podstawowych zalezno$ci laczacych
struktury otrzymywanych zwigzkéw z ich wlasciwosciami fizyko-chemicznymi.
Odpowiedni dobdr elementéw budulcowych — atomow centralnych i ligandow,
w przypadku zwigzkow koordynacyjnych jest kluczowy dla uzyskania pozadanych cech
wykazywanych przez zwigzek chemiczny [1]. Niewielkie modyfikacje struktury liganda
moga mie¢ duzy wptyw nie tylko na strukturg¢ krystaliczng kompleksu, ale tez na jego
wlasciwosci [2]. Zwiazki koordynacyjne oparte na jonach cynku(Il) i kadmu(II)
sa obecnie badane m.in. w celu zdefiniowania ich wiasciwo$ci luminescencyjnych,
katalitycznych, a takze mikrobiologicznych [3-5].

Prezentujemy wyniki naszych ostatnich badan, w ramach ktorych otrzymalismy
pochodne tri-tert-butoksysilanotiolanéw Zn(Il) i Cd(Il) z =zastosowaniem trzech
pochodnych pirazyny — metylopirazyny (mepyz), etylopirazyny (etpyz) i aminopirazyny
(ampyz). W roli liganda S-donorowego zastosowano tri-fert-butoksysilanotiol,
ktory pomimo wprowadzania duzej zawady sterycznej pozwala na otrzymywanie
uktadéow jedno-, dwu- oraz wielordzeniowych, pekligc role liganda S-terminalnego
lub S,0O-chelatujacego [6].

tBuO\ /S\ /S\ -/OtBu

Si Cd Si
R RN N2 oy

tBuO OtBu OtBu tBuO
\Si /S\M /S\Si/ tBuO S tBuZ ntB/uO\Si/OtBu N
e ~. N INGSTN
1-M=2Zn, R=CH, ®w \oa"\‘tauo/ omu  guo” s L 57 Nomu [/jvcm
3 - M=Cd, R=CH, [ j\ [ N tBuO\ s "\l s /OtBu
5 - M=Zn, R=NH, N R & CH; /Si/ S~ s
6 - M=Cd, R=NH, 0 ./OQJ'\LtB/uO\ o BUO ot ‘ 810 ofBu
/SI\ N /SI\ N\
tBUO S S otBu 2 |
= CHs
N
4

Rys. 1. Schematy struktur molekularnych zwigzkow 1-6.
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W wyniku przeprowadzonych syntez otrzymano szes¢ nowych zwigzkow
koordynacyjnych jedno- i dwurdzeniowych 1-6 (rys 1.).

Zwiazki 1, 3, 5 1 6 krystalizuja w centrosymetryczych grupach przestrzennych
P2i/n (1, 5) oraz P-1 (3, 6), natomiast 2 1 4 w grupach Cc 1 Pn. W zwigzkach 1-3
oraz 5-6 sfera koordynacyjna przybiera geometrie posrednie mig¢dzy bipiramida
trygonalng a piramidg tetragonalng, co potwierdzaja wyznaczone parametry zs: 0,75/0,55
(1), 0,61 (2), 0,5 (3), 0,66 (5), 0,35 (6) [7]. W zwiazku 4 wystepuja dwa nierownocenne
centra metaliczne. Jon Cdl posiada otoczenie prawie idealnej piramidy tetragonalnej
(r5=0,09) [7], natomiast sfera koordynacyjna Cd2 najbardziej przypomina silnie
znieksztatcony tetraedr (z4=0,75 74’=0,60) [8-9] (rys. 2).

Duza zawada steryczna grup tert-butylowych sprawia, ze migdzy czasteczkami
zwigzkow  1-6  wystepuja  jedynie  slabe  oddzialywania  dyspersyjne.
Potwierdzaja to przeprowadzone obliczenia teoretyczne DFT oraz NCI, ktore stuzyty
optymalizacji sfer koordynacyjnych jonéw metali w otrzymanych zwigzkach. Wzgledna
trwalo$¢ zwigzkoéw 1-4 w warunkach atmosferycznych pozwolita réwniez na zbadanie
ich wlasciwos$ci luminescencyjnych w ciele statym oraz wykonanie analizy TG/DSC.

o1 01

w'S2
S1
04 ==

Rys. 2. Wybrane sfery koordynacyjne jonéw Zn(II) lub Cd(II) w zwiagzkach 1-6.

N1

Podziekowania: Badania  finansowane ze  $rodkdw  finansowych  projektu =~ RADIUM
(8/2023/IDUB/III.1/Ra) oraz SILLICIUM (DEC-2/2021/IDUB/V.6/Si) program ,,Inicjatywa doskonatosci
— uczelnia badawcza” (IDUB). Obliczenia kwantowo-mechaniczne zostaly przeprowadzone
z wykorzystaniem komputeréw Centrum Informatycznego Trojmiejskiej Akademickiej Sieci
Komputerowej (TASK).
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HETEROMETALLIC ALKALI METAL —
MAGNESIUM/ZINC/CALCIUM ARYLOXIDES BASED ON
DOUBLE-OPENED DICUBANE CORE STRUCTURE

Karolina Matuszak, Rafal Petrus

Wroclaw University of Science and Technology, Faculty of Chemistry,
23 Smoluchowskiego, 50-370 Wroctaw

The development of catalytic transformations based on earth-abundant, non-toxic,
and inexpensive early main-group metals is essential for establishing sustainable
alternatives to transition-metal-based catalysis. Recently, heterometallic cooperativity
involving s-block elements has attracted growing interest, as such compounds often
demonstrate enhanced catalytic activity and selectivity compared to their homometallic
counterparts. An example of such systems are heterometallic magnesium—alkali-metal
aryloxides [Mg>M"2(sal-Me)s] (M' = Li(1), Na(2) or K(3); Hsal-Me = methyl salicylate),
which were used as efficient catalysts for chemical recycling of high consistency silicone
rubber into liquid alkoxysiloxane derivatives R(OSiMe»),OR (for n = 1, 2, 3, 4) by
solvothermal alcoholysis reaction. Aryloxides 2 and 3 also demonstrated valuable
synergic effects between Mg(Il) and Na(I)/K(I) ions in the ring opening polymerization
of L-lactide, where their catalytic activity was much better than that of the corresponding
homometallic aryloxides. Within the group of isostructural, zinc-alkali metal derivatives
[ZnoM"(sal-Me)s(THF)x] (M' = Li(4), Na(5), K(6); x = 0, 2), 5 and 6 showed high
catalytic activity in the synthesis of methyl 15-hydroxypentadecanoate by metanolysis of
pentadecanolide. The same catalysts together with [CazLi2(sal-Me)s(THF):] (7), exhibited
the high catalytic activity in the methanolysis of nylon-6 at 220 °C.

The aim of this work was a structural analysis of heterometallic alkali metal
magnesium/zinc/calcium aryloxides. Compounds 1-9 are centrosymmetric tetranuclear
clusters based on a double-opened dicubane core structure with two missing vertices. The
metal ions in 1-9 are held together by four p- and two p3-Oaryloxo) bridges. The vertices of the
common face of the central core in 1, 4, and 7-9 are occupied by M?" ions, and the external
vertices are M ions. For compounds 2-3 and 5-6 the reverse arrangements of the metal
centers in the tetranuclear units are observed with peripheral M?* ions, and M'* ions occupy
the vertices of the common face (Scheme 1).
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M =2Zn
M' = Na(5), K(6)

M = Mg(1), Zn(4)
M =Li

LIGAND
MeO
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Con C;OH

Hsal-Me
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Scheme 1. Structures of [Mg,Lix(sal-Me)s] (1), [MgoNax(sal-Me)s(THF)4] (2), [Mg:Ks(sal-Me)s(THF)4]
(3), [ZnyLix(sal-Me)s] (4), [ZnaNay(sal-Me)s(THF)2] (5), [Zn:Ki(sal-Me)s(THF),] (6), [CasLix(sal-
Me)s(THF)] (7), [CazNax(sal-Me)s(MeOH)4] (8), and [CaxKs(sal-Me)s(MeOH)4] (9).
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2023/49/B/ST4/04068.
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CRYSTAL STRUCTURE EXPLORATION — I DIDN’T KNOW
MERCURY COULD DO THAT

Pablo Martinez-Bulit

The Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge, CB2 1EZ,
United Kingdom

A lot has changed since the release of Pluto, Cambridge Crystallographic Data
Centre’s first molecular visualisation software in 1976. Now known as Mercury, and with
the 2025.1 version being the latest release, it has evolved into a powerful platform,
encompassing a wide range of visualisation capabilities and structural analysis tools. This
includes the ability to easily examine interactions and symmetry elements, structure
editing and overlay, through to tools for assessing and ultimately gaining insights in
different aspects such as hydrogen bonding, molecular conformation, and packing
features. This presentation will highlight some of the lesser-known features within
Mercury to encourage you to explore your crystal structures and the universe of
crystallography.

References

[1T W.D.S. Motherwell. PLUTO, CCDC Program Manual, Cambridge, UK: Cambridge Crystallographic
Data Centre, 1976.

[2] C.R, Groom, I.J. Bruno, M. P. Lightfoot, S. C. Ward, Acta Cryst. B, 72 (2016) 171-179.

[3] C.F. Macrae, 1. J. Bruno, J. A. Chrisholm, P. R. Edgington, P. McCabe, E. Pidcock, L. Rodriguez-
Monge, R. Taylor, J. van de Streek, P. A. Wood, J. Appl. Cryst., 41 (2008) 466—470.

66 Konwersatorium Krystalograficzne, Warsztaty
i Sesja Sekcji Mtodych Krystalograféw PTKryst, Wroctaw 25-27 VI 2025 23



M-10

GENERALIZING INSTAMATIC DATA COLLECTION
FRAMEWORK FOR ELECTRON CRYSTALLOGRAPHY
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Electron Diffraction can be a powerful addition to the toolkit of any modern
crystallographer. By utilizing the strong interaction between incident electrons and
electrostatic potential, it can be used to probe microcrystals invisible to optical lenses
and X-ray diffraction alike. Despite requiring very limited sample quantities, it was
repeatedly shown to produce reliable structures of MOFs, pharmaceuticals or proteins
on a piece of equipment more accessible than a synchrotron or free-electron laser [1, 2].

During the development of 3D ED, many of its issues were identified and
circumvented. Low coverage, radiation damage, or dynamical scattering were addressed
by improving crystal tracking, introducing new experimental routines, or employing
shutterless serial collection methods [3-5]. Many of these were first tested and
implemented in the Python-based program Instamatic [6]. The software, developed to
automate the collection of electron diffraction data, features a robust RESTful client-
server architecture that allows for seamless integration of many common electron
microscopes and cameras. However, due to its rapid centralized development, some of
its recent routines prioritize scientific advancement over interoperability or verifiability.
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Fig. 1. A symbolic representation of Instamatic’s internal structure. With experimental hardware (left)

and protocols (right) decoupled, the same protocols e.g. cRED can be seamlessly executed on different

hardware. Introducing a new protocol, such as serial precession-assisted electron diffraction studied in
this project, requires then only knowledge of the existing, well-defined interface.

Microscope

Detector

This work aims to develop a generalized experimental framework for serial ED
experiments. By adapting existing algorithms and coupling them with new detection,
tracking, and measurement methods, we hope to produce a piece of software capable of
running state-of-the-art serial collection protocols on a large variety of available
electron microscopes. Specifically, we plan to test the applicability of simple serial
precession-assisted electron diffraction to racemic conglomerates and particularly
damage-prone metal-organic frameworks.
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Here we document the preliminary experimental results obtained thanks to
technical improvements introduced in Instamatic. Certain generalizations made to the
program core structure and interface are shown. Updates to selected bindings and
interfaces, in particular the FEI Tecnai microscopes and ASI detectors, are presented.

References

[1] T. Gruene, E. Mugnaioli, Chem. Rev., 121(19) (2021)11823-11834.

[2] H. Xu, H. Lebrette, M. T. B. Clabbers, J. Zhao, J. J. Griese, X. Zou, M. Hégbom, Sci. Adv., 5 (2019)
eaax4621.

[3] D. Zhang, P. Oleynikov, S. Hovmoller, X. Zou, Z. Kristallogr., 225 (2010) 94—-102.

[4] M. Gemmi, A. E. Lanza, Acta Cryst. B, 75 (2019) 495-504.

[5] S. Smeets, X. Zou, W. Wan, J. Appl. Cryst., 51 (2018) 1262—-1273.

[6] S.Smeets, B. Wang, E. Hogenbirk, D. Rainer, D. M. Tchon, Instamatic (2.1.1) (2025) Zenodo.

Co-funded by the European Union (Physics for Future — Grant Agreement No. 101081515)

66 Konwersatorium Krystalograficzne, Warsztaty
i Sesja Sekcji Mtodych Krystalograféw PTKryst, Wroctaw 25-27 VI 2025 25






REFERATY PLENARNE
ORAL SESSIONS






R-1

STRUKTURY KRYSTALICZNE PTASICH I SSACZYCH
SUROWICZYCH ALBUMIN

Grzegorz Bujacz, Kajetan Duszynski, Anna Bujacz*

Instytut Biotechnologii Molekularnej i Przemystowej, Politechnika £.odzka,
ul. Stefanowskiego 2/22,90-537 L.odz, Polska

*e-mail: anna.bujacz@p.lodz.pl

Albuminy surowicy wystepuja w plynach ustrojowych wszystkich kregowcow
i naleza do jednych z najszybciej ewoluujacych bialek, umozliwiajac tej grupie zwierzat
przystosowanie si¢ do zmiennych warunkow. Struktura ludzkiej albuminy surowicy jest
znana od 30 lat [1,2], struktury kilku albumin ssaczych zostaty okreslone w ciagu
ostatnich 12 lat [3,4]. W ostatnich latach okresliliSmy struktury kilku ptasich albumin.
Tréjwymiarowe struktury surowicze] albuminy wybranych ssakow 1 ptakow,
niezwigzanych 1 w kompleksach z farmaceutycznie waznymi ligandami, zostaty przez
nas okreslone przy uzyciu krystalografii rentgenowskie;j.

Okreslone struktury krystaliczne daly mozliwo$¢ pordéwnania podobienstw
1réznic w rozmieszczeniu kieszeni wigzacych migdzy albuminami surowiczymi
pochodzacymi z rdznych organizmoéw i pokazaly, w jaki sposdb zmiany w sekwencjach
sg skorelowane z wlasciwosciami wigzania ligandéw. Nasze badania wykazaly, ze
szczegolne powinowactwo ligandow do albumin surowiczych ssakéw, nawet blisko
spokrewnionych, moze by¢ bardzo rdzne. Intrygujace bylo, jak bardzo struktura
1 whasciwosci  wigzania ligandow przez to biatko roznig si¢ miedzy mniej
spokrewnionymi gatunkami.

Rozwigzane przez nas struktury kilku ptasich surowiczych albumin pokazuja, ze
podobnie jak ssacze, majg réwniez strukture w wigkszosci zbudowang z helis tworzac
charakterystyczny ksztalt serca. Jednak poréwnanie ich struktur krystalicznych ukazuje
znaczne zroznicowanie konformacyjne w obrebie trzeciej i pierwszej domeny.

BSA (4F58)
HSA (6M5D)

ESA (4F5T)

Rys. 1. Natozenie struktur surowiczych albumin: ludzkiej HSA, wotowej BSA, konskiej ESA,
kaczej DSA, indyczej TSA i kurzej ChSA.
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Sekwencja aminokwasowa albumin surowiczych w obrgbie zblizonych
ewolucyjnie gatunkow jest podobna [4]. Co jest bardzo ciekawe, to, ze mimo czasami
bardzo wysokiego podobiefistwa albuminy krystalizuja w odmiennych warunkach
1 w réznych grupach przestrzennych. Nawet niewielkie roznice w rozmieszczeniu reszt
aminokwasowych na powierzchni biatka powoduja zmiane oddzialywan
migdzyczasteczkowych w sieci krystalicznej. Zmiany sekwencyjne 1 strukturalne
w obrebie kieszeni wigzacych zmieniajg rowniez powinowactwo do okreslonych grup
ligandow [5].

Okreslone struktury albumin surowiczych krggowcow z réznymi ligandami
mozna wykorzysta¢ do identyfikacji kluczowych cech strukturalnych, ktére sprawiaja, ze
albumina surowicza jest uniwersalnym, ale czasami bardzo selektywnym transporterem
w uktadzie krazenia. Okre$lenie struktur krystalicznych bez ligandow albumin
surowiczych z indyka, kurczaka 1 kaczki oraz w kompleksach z ligandami pozwolito po
raz pierwszy na strukturalne pordéwnanie kieszeni wigzacych migdzy albuminami
surowicy ptakow 1 ssakow.
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A CLOSER LOOK AT MOLECULAR MECHANISMS
UNDERLYING INHIBITION OF S-ADENOSYL-L-
HOMOCYSTEINE HYDROLASE BY TRANSITION METAL
CATIONS

Krzysztof Brzezinski

Department of Structural Biology of Prokaryotic Organisms,
Institute of Bioorganic Chemistry, Polish Academy of Sciences, Z. Noskowskiego St.
12/14, 61-704 Poznan, Poland

The S-adenosyl-L-methionine (SAM)-dependent methylation reactions are
crucial for numerous metabolic processes in all living organisms. A by-product of these
reactions is S-adenosyl-L-homocysteine (SAH), a potent inhibitor of SAM-dependent
methyltransferases. Therefore, SAH must be promptly removed, as its accumulation
suppresses all SAM-dependent methylations. In numerous organisms, including humans
and pathogenic microorganisms, SAH is decomposed to L-homocysteine (Hcy) and
adenosine (Ado) only by SAH hydrolase (SAHase). Thus, SAHase is a central regulator
of cellular SAM-dependent methylations [1].

The activity of numerous SAHases is regulated by various mono- and divalent
metal cations. In particular, the potent inhibitory effect of Zn?" cations on SAHase
activity was also revealed [2]. Also, it was suggested that the activity of mammalian
SAHase could be abolished by NAD" cofactor release caused by Cu?' ions [3].
However, the biological role of this interaction in a cell metabolism remains unknown.

Fig. 1. Close-up views of the specific coordination site located within the active site area of PaSAHase.
Superposition of the specific coordination sites of four PaSAHase crystal structures obtained in the
presence of Co?" (salmon), Zn>" (pale blue), Cd?** (yellow), Hg?" (black) or Cu® (blue) ions (A).
Intramolecular disulfide bond formed in crystals soaked in tetrakis(acetonitrile)copper(I) tetrafluoroborate
(B); the 2mFo - DFc composite omit electron density map, which covers disulfide bond formed between
C59 and C85 residues is shown in forest green at 1.5c level.
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To understand in a more detailed manner the molecular mechanism(s)
underlying interactions of S-adenosyl-L-homocysteine hydrolase by transition metal
cations, we performed a structural and biochemical study on inhibiting S-adenosyl-L-
homocysteine hydrolase from the human pathogen, Pseudomonas aeruginosa, by
various transition metal cations. Such cations as Ni2*, Co?*, Cu®, Cu**, Zn*", Cd*' and
Hg?" affected the enzyme activity at different levels. Our results revealed diverse
molecular mechanisms of enzyme inactivation [4]. Depending on the cation, the
inhibitory effect is based on arresting the enzyme in its closed, inactive conformation
through the metal ion coordination (Fig. 1A), intramolecular disulfide bond formation
within the active site area (Fig. 1A and B) or oxidation of the intermediate reduced form
of the cofactor, NADH, interrupting the catalytic cycle.
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ADVANCING PROTEIN STRUCTURE AND LIGAND BINDING
STUDIES WITH QUANTUM CRYSTALLOGRAPHY

Maura Malinska

Wydziat Chemii, Uniwersytet Warszawski, Pasteura 1, Warszawa

Molecular recognition in biological systems is governed by non-covalent
interactions that drive protein-ligand binding, enzyme catalysis, and drug action.
Quantum crystallography provides an advanced framework for understanding these
interactions by integrating high-resolution X-ray diffraction data with charge density
reconstruction techniques. This approach enables a detailed analysis of electrostatic
interactions, which are critical for ligand specificity and binding affinity.

In this talk, we explore how quantum crystallography tools enhance our
understanding of protein-ligand interactions across different biological targets. The
aspherical atom databank approach and electrostatic energy analysis have been
successfully applied to systems such as androgen receptor inhibitors [1], protein kinases
targeted by sunitinib [2], vitamin D receptor agonists [3], and nonsteroidal anti-
inflammatory drugs (NSAIDs) interacting with cyclooxygenases, COX-1 and COX-2
(Fig. 1) [4]. Our findings demonstrate that electrostatic complementarity plays
a fundamental role in ligand recognition, dictating both binding strength and selectivity.

COX-1 COX-2

'------ More

\ flexible

Tyr385

Argd13  His513

lle523 Val523

Arg120

Fig. 1. Schematic representation of the active site of COX-1 and COX-2. CBD, PBP, and DBP denote the
central binding pocket, proximal binding pocket, and distal binding pocket, respectively.

Beyond ligand interactions, quantum crystallography also provides a powerful
tool for refining protein structures[5]. The transferable aspherical atom model (TAAM)
improves electron-density maps, enhances the visibility of hydrogen atoms, and allows
for more accurate modeling of protein and nucleic acid structures at ultrahigh
resolution. This method lowers conventional refinement R factors and improves atomic
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displacement parameters, making it an essential approach for studying biomolecular
interactions at an unprecedented level of detail.

Key examples include the rational design of vitamin D analogs optimized for
receptor binding, the broad-spectrum kinase inhibition of sunitinib facilitated by
conserved hydrogen bonding patterns, and the differential selectivity of NSAIDs based
on their electrostatic interactions with COX enzymes. By bridging the gap between
structural data and thermodynamic parameters such as free energy (AG) and enthalpy
(AH), we provide new insights into molecular recognition mechanisms.

This presentation will highlight the application of quantum crystallography in
both protein structure refinement and drug discovery, demonstrating how charge density
methods can refine protein-ligand interaction models and guide the rational design of
therapeutics.
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ARGININE METABOLISM AS A MOLECULAR TARGET
FOR HERBICIDE DEVELOPMENT

Bartosz Sekula, Maciej Nielipinski, Agnieszka Pietrzyk-Brzezinska

Institute of Molecular and Industrial Biotechnology, Faculty of Biotechnology and Food
Sciences, Lodz University of Technology, Lodz, Poland

Arginine in plants is far more important than a simple proteinogenic amino acid.
It is the main storage form of organic nitrogen and plays a critical role in nitrogen
uptake, metabolism, and recycling. It is used by plants as a central part of defensive
mechanism providing protection against stress conditions like drought, extreme
temperatures, pathogens, pests. Arginine metabolism is targeted by toxins produced by
plant pathogen, Pseudomonas syringae, as a strategy for plant invasion.

Here we present the findings of structural studies of plant arginases (ARGAH)
and ornithine transcarbamylases (OTC), as potential targets for herbicide design. OTC
is inhibited by phaseolotoxin produced by Pseudomonas syringae, which mimics the
transition state reaction analogue. The crystal structures provide the rationale of OTC
inhibition by the toxin. On the other hand, plant arginases have unique structural
features, which distinguish them from arginases of other species. The long loop
stabilizes the substrate in the neighboring ARGAH subunit, securing the unique
substrate binding mode. It makes them more like bacterial agmatinases, than bacterial or

mammalian arginases.

)

e $

It

Fig. 1. Crystal structure of Arabidopsis thaliana arginase in complex with ornithine (PDB ID: 6vst).
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DOUBLE HYDROXIDES BB’(OH)s - HYDROGEN DISORDER
AND MAGNETIC FRUSTRATION

Ellen HiuBler!, Kaushick Parui?, Anton A. Kulbakov?, Darren C. Peets?, Dmytro
S. Inosov2, Thomas Doert!

I Faculty of Chemistry and Food Chemistry, Technische Universitiit Dresden, Dresden,
Germany
? Institute of Solid State and Materials Physics, Technische Universitit Dresden,
Dresden, Germany

Hydroxides B(OH); and double hydroxides BB’(OH)s of the ReOs type structure
can feature similar distortions as the related perovskites, namely alterations of
individual coordination polyhedral, like Jahn-Teller distortion, and octahedral tilting. In
contrast to perovskites, two main tilting systems have only been identified for the
hydroxides so far: + + + as in Sohngeite (Ga(OH);) and + + — as in Stottite
(FeGe(OH)e), e.g. [1,2] One could assume the formation of a hydrogen bond system to
be one of the driving forces for the octahedral tilting. However, the hydrogen positions
are often found disordered, even at low temperatures.

As the cations of these (double) hydroxides adopt a nearly undistorted fcc lattice,
the systems might be prone to magnetic frustration in case of open-shell transition metal
ions B, like Mn?', Fe**, Co*", or Cu**. Additionally, magnetic fluctuations and hydrogen
disorder may mutually influence each other, a topic which has rarely been addressed
previously.

We have recently synthesized and investigated CuSn(OH)s and MnSn(OH)s and
their deuterated variants for neutron scattering experiments. For CuSn(OH)s we could
show, that the correct space group is Pnnn with a + + + tilt rather than P42/nmc or P4y/n
with + + — as reported earlier [3]. No order of the hydrogen atoms was found for this
compound even at 6 K pointing towards a disordered, yet correlated ground state. The
Cu?" ions show no magnetic order down to 0.4 K [4].

MnSn(OH)s adopts space group P4./n with + + — tilt system. Again, a strong
magnetic frustration without long-range order down to 0.35 K was observed. As in the
case of the copper compound, the hydrogen atoms are structurally disordered, however,
with different positional and occupational parameters [5].

Fig. 1. Crystal structure of CuSn(OH)s (left) and hydrogen disorder (right).
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HIDDEN COMPLEXITY IN D;O ICE VII

Wojciech Stawinski!, Grzegorz Lach?, Roman Gajda', Michal Chodkiewicz!,
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Background. Ice is the solid form of water (H2O or D20O), a substance
fundamental to life on Earth. While H.O molecule is simple and well-known building
unit, water can crystallize into many different solid forms depending on temperature and
pressure. There are ten phases in which hydrogens are disordered into several
crystallographic positions in the unit cell (ice Ih, Ic, III, IV, V, VI, VII, XII, XVI, XVIII).
In such a case the structure locally obey so-called 'ice rules', but on average positions are
partially occupied. However, the local molecule’s arrangement cannot be well understood
just by Bragg diffraction (nor single crystal nor powder diffraction). In order to
experimentally confirm the local ice VII molecules organization, total scattering method
was used (total = Bragg + diffuse scattering).

Methods. Neutron total scattering powder diffraction data has been collected on
PEARL high pressure beamline at ISIS Neutron and Muon Source (Didcot, United
Kingdom) and analysed by Reversed Monet Carlo big box modelling technique using
RMCProfile7 software. Final refined configurations
has been analysed in terms of interatomic distances, | % { \
bond angles and different molecule orientations '
distributions with high statistics. Periodic density-
functional theory (DFT) calculations confirmed our
results obtained from neutron experiments. %

Results. Atomistic models of disordered Ice
VII has been obtained from Total Scattering neutron
experiment. The analysis of molecule orientations and ~ -
displacements has been analysed showing that locally,
water molecules are displaced from its average ‘x *
position along molecule’s dipole moment (it means
along <100> direction) by approximately 0.05 A as Fig. 1. Example of atomistic model
already postulated by Knight [J. Phys. Chem. A 2009, of ice VII structure as obtained
113, 12433-12438], whereas hydrogen positions does from Total Scattering neutron
not show significant displacements. By such measurement.

a displacement, correct distribution of H-O-H angles was obtained.
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Conclusion. Neutron Total Scattering measurement has given us a unique
opportunity to see local arrangement of disordered ice VII structure. Locally, molecules
fulfil ‘ice-rules’, have correct geometry and at the same time the average structure is in a
great agreement with already published structure.

Acknowledgement. Support of this work by the National Science Centre, Poland,
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acknowledged.
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CRYSTALLOGRAPHIC QUATERNIONS

Andrzej Katrusiak

Department of Materials Chemistry, Faculty of Chemistry,
Adam Mickiewicz University, Uniwersytetu Poznanskiego 8, 61-614 Poznan

Symmetry operations are usually represented by matrices, while an alternative
representation by quaternions [1,2], albeit incomplete [3], has been preferred by students.
Quaternions generally are more concise and reduce the number of arithmetic operations
compared to matrices. Therefore we set on deriving the representation of all point-
symmetry operations by quaternions, g=a+bi+cj+dk, where i>=*=k*=ijk=-1. These
quaternions afford the representation of all point-symmetry operations, triclinic,
monoclinic, orthorhombic, tetragonal, cubic an trigonal in rhombohedral setting, but not
the operations in the hexagonal setting [4]. Hence we allowed the triclinic setting of the
quaternion versors, and used biquaternions for improper symmetries [5]. Although more
complex, but the complete representation of all point symmetries has been achieved [6].
The quaternion representation of symmetry operations, as an alternative to the matrix
representation, will be presented. For example, the 2-fold axis parallel to [y] is represented
by quaternion g=j and the symmetry operation performed on vector v=[xyz] is
v’=j(ix+jy+kz)j*, where the asterisk marks the conjugation. The quaternion multiplication
gives v’=-ix+jy-kz, which projected to the real space is [-x, y, -z].
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CRYSTAL STRUCTURE EXPLORATION — I DIDN’T KNOW
MERCURY COULD DO THAT

Pablo Martinez-Bulit

The Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge, CB2 1EZ,
United Kingdom

A lot has changed since the release of Pluto, Cambridge Crystallographic Data
Centre’s first molecular visualisation software in 1976. Now known as Mercury, and with
the 2025.1 version being the latest release, it has evolved into a powerful platform,
encompassing a wide range of visualisation capabilities and structural analysis tools. This
includes the ability to easily examine interactions and symmetry elements, structure
editing and overlay, through to tools for assessing and ultimately gaining insights in
different aspects such as hydrogen bonding, molecular conformation, and packing
features. This presentation will highlight some of the lesser-known features within
Mercury to encourage you to explore your crystal structures and the universe of
crystallography.
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S-IBUPROFEN AT EXTREME CONDITIONS

Marek Daszkiewicz!, Kinga Fojcik!?

I Institute of Low Temperature and Structure Research, Polish Academy of Sciences,
Okolna str. 2, Wroctaw, 50-422, Poland
2 Faculty of Chemistry, Wroclaw University of Science and Technology, Wybrzeze
Wyspianskiego 27, 50-370 Wroctaw, Poland

Non-steroidal market size was assessed over 7 billion dollars only in US two
years ago [1]. It is associated with the ease of drug synthesis, low cost and their high
biological activity positively correlated with the increase in lifestyle diseases. The
knowledge about the crystal phase and the structure of a solid drug is a fundamental
information for pharmaceutic industry, pharmacokinetics and biochemistry [2].

One of the most useful non-steroidal anti-inflammatory drug is ibuprofen, which
in fact is sold as a mixture of two isomeric forms, S and R. It is worth noting that the
former stereomer shows anti-inflammatory activity, whereas the latter one is not active
and harmless to the body. Fortunately, the nonactive form R can be transformed into the
S one by 2-arylpropionyl-coenzyme A epimerase [3]. Therefore, one can be safely
treated by the racemate of ibuprofen.

In the Cambridge Structural Database (CSD) [4], a lot of crystal structures are
deposited for the racemate of ibuprofen, where X-ray, neutron or electron diffraction
were used to collect the data, see for example [5]. At room temperature and pressure
conditions, it crystallizes in centrosymmetric space group P2i/c. In contrast to the
racemate, similar investigation for the biologically active S-ibuprofen is scarce, and
there is no systematic investigation about the crystal structure of S-ibuprofen at various
temperature (high and low) and high-pressure conditions.

In this work, S-ibuprofen was crystallized from cyclohexane, P2; with
a=12.412(3), b = 8.0019(7), ¢ = 13.478(5) A and B = 113.01(4) deg. X-ray single-
crystal diffraction experiments were carried out in the temperature range of 100-295 K
at ambient pressure, and in the high-pressure conditions up to 0.62 GPa using Merrill-
Bassett anvil cell.

S-ibuprofen reveals no phase transition in the wide temperature range. Change of
the lattice parameters indicates positive linear thermal expansion coefficients, although
large anisotropy is clearly observed. The largest expansion occurs approximately along
the [201] direction.

The monoclinic prototype phase is stable at ambient temperature at least up to
0.32 GPa. Afterwards, S-ibuprofen undergoes a phase transition, where the symmetry of
the P2; space group is preserved and a = 20.517(9), b = 7.8248(15), ¢ = 14.128(14) A
and B =91.58(7) deg. The volume of the unit cell volume is twice as large in relation to
the origin phase, Figure 1.
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Fig. 1. A juxtaposition of four unit cells of phase I (black lines) and one unit cell of phase II (red lines)
observed at 0.62 GPa.
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ADVANCING STRUCTURAL SCIENCE: INNOVATIONS IN
RIGAKU OXFORD DIFFRACTION INSTRUMENTATION

Felix Hennersdorf

Rigaku Europe SE, Hugenottenallee 167, 63263 Neu-Isenburg, Germany

e-mail: felix.hennersdorfl@rigaku.com

In this session, we’ll explore the latest innovations from Rigaku Oxford
Diffraction, designed to empower crystallographers with faster, more versatile, and more
precise tools for structural analysis.

We’ll begin with a spotlight on the XtaLAB Synergy-ED, our groundbreaking
electron diffractometer. This fully integrated system delivers a seamless workflow—from
data collection to 3D molecular structure determination—thanks to the synergy between
Rigaku’s high-speed HyPix-ED detector, our powerful CrysAlisPro for ED software, and
JEOL’s world-class electron microscope technology. We’ll showcase real-world
applications that demonstrate how this system opens new frontiers in structural research,
especially for nano- and microcrystalline samples.

Next, we’ll turn to our X-ray diffraction solutions, built on the flexible XtaLAB
Synergy platform. Whether you need a microfocus or rotating anode source, or want to
integrate Hybrid Photon Counting (HPC) detectors, our modular systems adapt to your
research needs. We’ll also introduce key automation tools like the XtaLAB Synergy Flow
robotic sample changer, the IGH3 for automated crystal centering, and the XtalCheck-S
plate scanner.

Finally, we’ll unveil our latest advancement: the PhotonJetMAX-S, a new
generation of ultra-bright X-ray sources that significantly enhance data quality and
throughput.

Join us to see how Rigaku’s latest technologies can accelerate your
crystallographic research and bring new possibilities to your lab.
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PREZENTACJA DYFRAKTOMETROW
FIRMY PROTO MANUFACTURING

Andrzej Wojtas

PROTO Manufacturing Europe Sp. z 0.0. / METLAB Sp. z o.o.
ul. Awicenny Ibn Siny 14, 54-611 Wroctaw

Od zatozenia w 1967 roku firma Proto Manufacturing Ltd. opracowuje
nowoczesne instrumenty do charakteryzacji materialow. Nasza linia produktow obejmuje
szeroka game dyfraktometrow rentgenowskich (XRD): systemy pomiaru napr¢zen
wiasnych 1 austenitu szczatkowego, dyfraktometry proszkowe, dyfraktometry Laue do
orientacji monokrysztatow oraz dyfraktometry o wysokiej rozdzielczo$ci. Ponadto
dostarczamy lampy rentgenowskie i sprzet dostosowany do indywidualnych potrzeb
klientow. Od ponad 30 Ilat dostarczamy systemy pomiarowe dla $rodowisk
laboratoryjnych, fabrycznych i terenowych. Nasi przeszkoleni specjali§ci oferujg rowniez
ustugi pomiarowe w naszych laboratoriach w USA, Kanadzie i w Polsce,
akredytowanych ISO/IEC 17025:2017.

NAPREZENIA WLASNE 1 AUSTENIT SZCZATKOWY Oferujemy szeroka
game dyfraktometrow do pomiaru naprezen wiasnych, aby zapewni¢ sprzet najbardzie)
odpowiedni do Twoich potrzeb: szybkie systemy laboratoryjne LXRD, elastyczne
systemy iIXRD® Portable, lekkie systemy iXRD Mini, innowacyjne systemy roboXRD
lub wszechstronne systemy mXRD® Ultra-Portable.

DYFRAKCJA PROSZKOWA Nasze wysokiej klasy dyfraktometry proszkowe
zostaly opracowane, aby zapewni¢ najlepsze rozwigzanie dla Twoich potrzeb. Wybierz
sposrdd naszych systemoéw stacjonarnych, kompaktowych modeli podtogowych lub
bogato wyposazonych systemow laboratoryjnych. Nasze dyfraktometry proszkowe,
wyposazone w wydajne detektory zliczajace fotony, charakteryzuja si¢ niezwykle
szybkim poborem danych, ajednocze$nie podaja bardzo dokladne wyniki. Linia
produktéw AXRD® zapewnia lata wygody 1 wartosci nawet w najbardziej
wymagajacych badaniach materiatow metoda dyfrakcji rentgenowskie;j.

NIESTANDARDOWA DYFRAKCJA Jesli potrzebujesz dyfraktometru do
bardzo niestandardowego zastosowania, mozemy opracowac unikalne rozwigzanie dla
Twoich potrzeb. Nasze konfigurowalne produkty obejmuja dyfraktometry proszkowe,
systemy monokrystaliczne 1 wiele innych opcji, ktore moga poméc w Twoich
zastosowaniach.

DYFRAKTOMETRY LAUE - ORIENTACJA MONOKRYSZTALOW Mamy
szereg mozliwos$ci orientowania monokrysztatoéw. Nasz laboratoryjny system Laue-COS
idealnie nadaje si¢ do orientowania i cigcia krysztatow w laboratoriach badawczo-
rozwojowych. Alternatywnie, nasze szybkie systemy Laue-HT sg przeznaczone do
srodowisk kontroli na poziomie produkcyjnym, takich jak zaklady odlewnicze
monokrystalicznych topatek turbin.

LAMPY RTG Produkujemy szeroka game¢ wysokiej jako$ci lamp
rentgenowskich. Nasz zaktad produkujacy lampy rentgenowskie moze rowniez tworzy¢
niestandardowe projekty do XRD, XRF lub obrazowania.

USLUGI POMIAROWE Powierz swoje potrzeby w zakresie pomiaréw dyfrakcji
rentgenowskiej naszemu wysoko wykwalifikowanemu i kompetentnemu zespotowi.
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Nasze akredytowane laboratoria zachowuja najwyzsze standardy jakosci 1 doktadnie
przestrzegaja wszystkich procedur, zapewniajac doktadne zbieranie 1 przetwarzanie
danych. Dzigki ponad 25 dedykowanym systemom XRD mozemy zaspokoi¢ Twoje
potrzeby w zakresie pomiardw laboratoryjnych 1 terenowych, zapewniajac szybka,
doktadna i wydajna obstuge.

Akredytacja ISO/IEC 17025:2017
Zarejestrowany w ITAR
Towary kontrolowane zarejestrowane
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ENABLING NANOSCALE INSIGHT: ADVANCED X-RAY
SCATTERING SOLUTIONS FROM XENOCS

Szyvmon Stolarek

Xenocs SAS, 1-3 Allée du Nanometre 38000 Grenoble France

Understanding structure at the nanoscale is critical to innovation across fields
ranging from biotechnology to materials science. Founded with the mission to make
advanced characterization tools accessible to researchers worldwide, Xenocs develops
state-of-the-art laboratory solutions based on small- and wide-angle X-ray scattering
(SAXS/WAXS) and X-ray imaging, enabling high-quality, multiscale structural analysis
for both research and industrial applications.

This presentation will introduce two of Xenocs' flagship solutions: the Xeuss Pro
and the Nano-inXider. Designed for maximum versatility, the Xeuss Pro is a modular
SAXS/WAXS/GISAXS/USAXS/Imaging  platform  offering  synchrotron-grade
performance in the laboratory. It supports a range of X-ray sources—including
microfocus sources with various target materials, MetalJet, and rotating anode (RAG)
options—as well as a focused AuX source for small-spot or high-resolution applications.
With integrated USAXS and motorized SWAXS it enables fully automated and
continuous measurements from atomic to micron scales. In addition, the InXight X-ray
imaging module with dark-field and phase-contrast option further extends capabilities by
revealing orientation, heterogeneity, and interfaces in complex materials. All these
capabilities are seamlessly managed through the Xenocs Xplore control software, which
provides an ergonomic interface for experiment planning, scriptable control (e.g. Python),
and real-time equipment monitoring to track system performance remotely.

The Nano-inXider, by contrast, offers a compact, easy-to-use SAXS/WAXS
system for routine nanostructural analysis. It combines a small footprint and intuitive
operation with high-quality, reproducible data—making it ideally suited for quality
control, process monitoring, and material development in both academic and industrial
laboratories.

To complement these instruments, Xenocs provides XSACT Pro, an all-in-one
SAXS/WAXS data analysis platform. It
supports a wide range of analytical workflows
including two advanced modules: one for Al-
assisted shape classification and another for
automated model fitting, helping researchers
extract structural insights from complex
scattering patterns quickly and reliably.

Trusted by leading academic
institutions and companies across diverse
sectors, Xenocs instruments accelerate
material ~ development and  process
optimization. Through high-performance,

. Fig. 1. Xeuss Pro horizontal platform for
scalable, and user-focused solutions, Xenocs  gAxs/WAXS/GISAXS/USAXS and imaging

advances its mission: enabling nanoscale  alongside the Nano-inXider compact vertical
insight through continuous innovation. system.
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CHARAKTERYSTYKA MATERIALOW AKUMULATOROWYCH
PRZY UZYCIU TECHNIK DYFRAKCJI RENTGENOWSKIEJ

Sebastian Machowski

TESTCHEM, ul. Rybnicka 187, 44-310 Radlin

Rozw¢j przemystu ogniw akumulatorowych koncentruje si¢ na spelnieniu
rosngcych wymagan rynkowych dotyczacych pojazdow elektrycznych (EV), systemow
magazynowania energii (ESS) 1 elektroniki. Kluczowe potrzeby techniczne obejmuja:
zwigkszenie pojemnosci ogniw, wydtuzenie zywotno$ci, skrocenie czasu tadowania,
zwigkszenie bezpieczenstwa podczas uzytkowania. Ze wzgledu na krystaliczng budowe
komponentow stosowanych w produkcji ogniw akumulatorowych, zastosowanie technik
pomiarowych z uzyciem dyfrakcji rentgenowskiej (XRD) umozliwia ich szczegdlowsa
charakterystyke strukturalng 1 prowadzenie zawansowanych prac badawczo-
rozwojowych skierowanych na obserwacj¢ zmian faz krystalicznych podczas pracy
ogniwa, kontrol¢ jako$ci 1 optymalizacj¢ skitadu materialowego oraz analize
mechanizmow degradacji.

Rozwigzania techniczne dostgpne w systemach pomiarowych Rigaku gwarantuja
uzyskanie wysokiej jakosci danych dyfrakcyjnych. Na przyktadzie wynikow badan
uzyskanych z pomiarow operacyjnych ogniw akumulatorowych przeprowadzonych na
dyfraktometrze SmartLab XE wyposazonym w rotujaca anode, wysokiej klasy detektor
oraz przystawki dedykowane do badan ogniw akumulatorowych, omdéwione zostang
przyktady analizy strukturalnej z uzyciem oprogramowania SmartLab Studio II.
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TECHNOLOGIA D8: NAPEDZAJAC NOWOCZESNA NAUKE

Jakub Al Samarrai

Labsoft Sp. z 0.0, ul. Putawska 469, 02-844, Warszawa

Aby zrozumie¢ zwigzek pomigdzy strukturg molekularng substancji, a jej
wlasciwo$ciami fizycznymi i chemicznymi, kluczowe jest wykorzystanie takich narzedzi
jak krystalografia. Krystalografia jest jedng z najpote¢zniejszych metod pozyskiwania tych
istotnych informacji. Znaczenie krystalografii w chemii, biologii, farmakologii,
mineralogii, fizyce i1 innych dziedzinach badan potwierdzaja 29 Nagrody Nobla
przyznane w tej dziedzinie. W miar¢ rozwoju nauki, ro$nie zapotrzebowanie na wysokiej
jako$ci dane strukturalne, stad nowoczesne laboratoria potrzebuja potezniejszych,
szybszych 1 tatwiejszych w obstudze instrumentoéw krystalograficznych, a dostarczenie
ich jest naszym, Labsoftu 1 Bruker AXS, celem. Zespdt badawczo-rozwojowy firmy
Bruker realizuje szeroko zakrojony program rozwoju, majacy na celu udoskonalanie
technologii detektorow 1 zrédel promieniowania oraz rozbudowg¢ mozliwosci
oprogramowania krystalograficznego.

() LABSOFT e

INDUSTRIAL SOLUTIONS
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HIGH-QUALITY PAIR DISTRIBUTION FUNCTION (PDF)
ANALYSIS IN THE HOME LABORATORY

Sandra Zierler!, Fazilet Guerer!, Kamil Urbanski?

T Anton Paar GmbH., Anton-Paar-Strafe 20, 8054 Graz, Austria
? Anton Paar Poland sp. z o.0., ul. Holubcowa 123, 02-854 Warszawa, Polska

To properly understand the physical properties of a material, it is necessary
to study the structure. X-ray diffraction (XRD) is one method used for this purpose.
Standard XRD typically focuses on sharp Bragg peaks that provide information
on the long-range crystalline order. However, understanding nanostructured, disordered,
or amorphous materials, requires insights into their local structures on shorter length
scales. PDF analysis (also referred as total X-ray scattering analysis) reveals this
by examining both the Bragg scattering (long-range order) and diffuse scattering
(short- and medium-range order) components of the diffractogram. This method gives
insights into the distances between pairs of atoms or molecules in both crystalline
and amorphous materials [1,2].

However, acquiring data for PDF analysis on laboratory X-ray diffractometers
is time-consuming, often requiring several hours to days. This work aims to show that
the latest generation of fully automated multipurpose diffractometers such
as XRDynamic 500 can enable high-quality PDF measurements in a significantly
shorter timeframe while maintaining high measurement resolution.

Comparison between XRDynamic 500 and synchrotron data was conducted on
amorphous and crystalline samples. A higher Q-range can be obtained on synchrotron
facility with shorter scan time compared to XRDynamic 500. However, the Q-resolution
is significantly better on XRDynamic 500, which in turn leads to PDF features
up to much higher R-values compared to synchrotron data.

P
/ @) Anton Paar

Rys. 1. XRDynamic 500, automated multipurpose diffractometer on which the home-laboratory PDF
measurements were conducted.
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NOWOCZESNE METODY ANALIZY STRUKTURY I FAZ
MATERIALOW: ROZWIAZANIA XRD OFEROWANE PRZEZ
FIRME SCANMAT I LANSCIENTIFIC

Patrvk Wrabel

SCANMAT Sp. z o.0., ul. Zwolenska 102D, 04-761 Warszawa

Dyfrakcja rentgenowska (XRD) pozostaje jedng z kluczowych metod
stosowanych w analizie struktury krystalicznej oraz identyfikacji faz materialow statych.
Wraz z rozwojem technologii aparaturowej, systemy XRD staja si¢ coraz bardziej
wydajne, kompaktowe 1 dostosowane do zrdéznicowanych zastosowan — od badan
podstawowych po kontrolg¢ jakosci w przemysle. Prezentacja przyblizy wybrane
rozwigzania XRD oferowane przez firm¢ Scanmat we wspolpracy z LANScientific.
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COMPETITION OF STRONG HYDROGEN BONDS AS A REASON
FOR THE CONCOMITANT POLYMORPHS FORMATION

Svitlana Shishkina', Olexander Shalimov?

I State Scientific Institution, "Institute for Single Crystals" of the National Academy of
Sciences of Ukraine, 60 Nauky Ave., Kharkiv, Ukraine
2 Institute of Organic Chemistry, NAS of Ukraine, Akademik Kukhar Street 5,
Kyiv, Ukraine

Creation of functional materials based on organic compounds is one of the most
challenging tasks of modern materials science. Dyes, materials for optics and solar cells,
medicines - this is by no means a complete list of functional materials that can be
created as a result of the study of various types of compounds. And most of these
materials exist in solid form, as it is convenient for storage, transport and use. However,
the use of organic materials in solid form requires the study of not only the physical and
chemical properties of the compound, but also the study of the peculiarities of the
crystal structure, which is by no means the easiest task. The formation of the crystal
structure of organic molecules depends on many factors and is still a poorly predictable
process.

QI: X L
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Fig. 1. Hydrogen bonds in two concomitant polymorphs of compound 1.

It is particularly difficult to predict the possibility of forming two or more crystal
structures (concomitant polymorphs) from the same solution. Our previous studies of
concomitant polymorphs have shown that their formation can be caused by different
conditions of formation of weak and strong intermolecular interactions. In this work, the
concomitant polymorphs were obtained due to the competition of strong intermolecular
hydrogen bonds (Fig. 1) and were formed at the same rate.
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TRIETHYLPHOSPHINE: A ‘MOLECULAR GEAR’ ENABLING
SCSC PHASE TRANSITIONS

Anna Makal

University of Warsaw, Faculty of Chemistry, Biological and Chemical Research Centre,
Warsaw, Poland

e-mail: am.makal@uw.edu.pl

Stimulus-responsive molecular materials are highly desirable because of the
wide range of their potential applications. In particular, property switching opens
application pathways for molecular materials as actuators or sensors. Controllable
property switching can be achieved by inducing single-crystal-to-single-crystal (SCSC)
phase transitions. Identifying (supra)molecular motifs that increase probability of SCSC
is thus important to understand property switching and forward materials design.

Here I will present a few instances where SCSC phase transitions could be
induced by temperature [1] or pressure variation [2,3] in the crystal structures of
organogold(]) triethylphosphines, leading to noticeable changes in mechanical or optical
properties of the analyzed solids. Despite relatively small size compared to more
celebrated molecular rotors [4] and large flexibility, the —PEt; moiety fulfils all criteria
[5] for being a ‘molecular gear’, which in favourable crystalline environment can ensure
occurrence of ordered, predictable and reversible structural changes. The common
mechanism of these transitions may be envisaged as initiated by a rotation of a single —
PEt; group in a double layer (a single gear movement), followed by adjacent phosphines
adjusting their conformations as a result of steric strain.

Structural changes underlying phase transitions under pressure could be partly
captured in the course of rapid high-pressure single-crystal X-ray diffraction
experiments conducted at the ESRF synchrotron facility, showing that with carefully
planned experiments [6] even certain aspects of molecular dynamics can be captured
and described in detail for larger, labile molecular systems.
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NUCLEOTIDE CRYSTAL STRUCTURE LANDSCAPE
EXPLORATION IN THE LIGHT OF DEHYDRATION

Oskar Kaszubowski, Katarzyna Slepokura

Faculty of Chemistry, University of Wroctaw, 14 F. Joliot-Curie, 50-383 Wroctaw, Poland

Nucleotides are among the most essential organic molecules in biochemistry.
They perform many functions, including nucleic acid biosynthesis, metabolic pathway
control, and cellular signal transduction [1,2]. Their derivatives are widely used in
antiviral therapies [3].

The vast majority of nucleotide crystals exist in a hydrated form. Understanding
the role of water molecules in mediating intermolecular interactions is crucial. An
interesting phenomenon involves the formation of new crystal forms of these systems,
which are partially or completely devoid of water due to temperature-induced
dehydration. Desolvation experiments are relatively common; however, nucleotide
crystals often undergo dehydration via a single crystal-to-single crystal (SC-to-SC)
mechanism, which is relatively rare. This enables further structural analysis and
characterization of significant reorganizations in crystal architecture, intermolecular
interactions (hydrogen bonds, m---n stacking, and lone pair--m interactions), as well as
nucleotide conformational changes resulting from water loss. Structural analyses of
hydrated and anhydrous forms of selected nucleotides, including adenosine and cytidine
monophosphates and nucleotide-based antiviral drugs, will be shown [4,5]. Dehydration
will be presented as a useful tool for revealing the structural diversity of nucleotides in
the solid state.

CRYSTAL H SC-to-SC H NUCLEOTIDE
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FLAWONOIDY W SUPRAMOLEKULARNYCH UKELADACH
DWUSKLADNIKOWYCH: OD STRUKTURY DO
ROZPUSZCZALNOSCI

Urszula Maciolek, Rafal Typek, Anna E. Koziol

Instytut Nauk Chemicznych, Wydziat Chemii, Uniwersytet Marii Curie-Sktodowskiej,
Pl Marii Curie-Sktodowskiej 3, 20-031 Lublin

Flawonoidy stanowia obszerna grupe wtornych metabolitow pochodzenia
naturalnego, wykazujacych szerokie spektrum udokumentowanej aktywnosci
biologicznej, w tym dziatanie przeciwnowotworowe, przeciwzapalne oraz wlasciwosci
antyoksydacyjne [1,2]. Pomimo ich znaczacego potencjalu terapeutycznego, praktyczne
wykorzystanie flawonoidow w farmakoterapii pozostaje ograniczone ze wzglgdu na ich
niska rozpuszczalno$¢ w wodzie oraz ograniczong biodostepnos¢ [3]. W odpowiedzi na
te wyzwania, opracowanie uktadow wielosktadnikowych z udziatem flawonoidow
stanowi perspektywiczng strategi¢ w projektowaniu nowych form lekow. Takie podejscie
umozliwia modyfikacje wlasciwosci fizykochemicznych (m.in. rozpuszczalnosci,
stabilnosci czy temperatury topnienia) oraz parametrow farmako-kinetycznych (takich
jak metabolizm czy dystrybucja). To w konsekwencji moze prowadzi¢ do zwigkszenia
aktywnosci biologicznej oraz poprawy dostepnosci biologicznej tych zwigzkow [4].

Z uwagi na specyficzng struktur¢ chemiczng, flawonoidy wykazuja wysoki
potencjat do tworzenia licznych oddziatywan niekowalencyjnych (Rys. 1a). Obecnos¢
grup hydroksylowych oraz karbonylowej sprzyja tworzeniu zar6wno wewnatrz-
czasteczkowych, jak 1 migdzyczasteczkowych wigzan wodorowych, w ktérych czasteczki
flawonoidow moga peti¢ funkcje zaréwno donorow, jak i akceptorow. W rezultacie
zwigzki te nalezy uzna¢ za bardzo labilne syntony, wykazujace polimorfizm strukturalny
[5].

Dwusktadnikowe ko-krysztalty apigeniny, luteoliny, fisetyny oraz kemferolu
zostaly otrzymane z zastosowaniem syntezy mechanochemicznej prowadzonej
w obecnosci niewielkiej ilosci acetonitrylu, z pézniejsza rekrystalizacja. W charakterze
ko-formera wykorzystano biologicznie aktywny zwigzek — pyridaron (4-(1-benzofuran-
2-ylo)pirydyna; Rys. 1b).

Rentgenowska analiza strukturalna monokrysztaldéw oraz metody spektrosko-
powe (FT-IR i1 FT-Raman) wykazaly utworzenie wigzan wodorowych O-H---N
z udziatem grup hydroksylowych flawonoidéw i atomu azotu ko-formera.

Do oceny rozpuszczalnosci otrzymanych ko-krysztaldow wykorzystano wode¢
destylowang oraz 96% etanol (v/v), bedace standardowymi rozpuszczalnikami
stosowanymi w preparatach farmaceutycznych i suplementach diety. Dodatkowo
zastosowano modelowe roztwory buforowe odwzorowujace wybrane ptyny ustrojowe,
takie jak: $lina (pH 6,7), sok zotadkowy (pH 1,9), tres¢ jelitowa (pH 6,9) oraz osocze krwi
(pH 7,4). Rozpuszczalno$¢ badanych ukladow zostata okreslona za pomoca
wysokosprawnej chromatografii cieczowej (HPLC). Wyniki analizy wskazuja na istotne
zwigkszenie rozpuszczalnosci ko-krysztalbw w poréwnaniu do wolnych form
flawonoidow, co potwierdza skutecznos¢ strategii supramolekularnej w optymalizacji ich
wiasciwosci farmaceutycznych.
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b)

\ /.

R, o
Ri=0OH,R>=H,R3=H apigenina
R;=0H,R;=H,R3;=0H luteolina
Ri=H,R,=0H,R3=0H fisetyna
R;=0H,R,=0H,R3;=H kemferol

Rys. 1. Wzory strukturalne: a) flawonoidoéw, b) ko-formera.

Nalezy zauwazy¢, ze ko-krystalizacja flawonoidéw z substancjami leczniczymi
moze prowadzi¢ do zwigkszenia rozpuszczalnosci farmaceutyku, co bezposrednio
przektada si¢ na poprawe jego biodostepnosci.
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SYNTONY ANION-II, II-IT I WIAZANIA WODOROWE
Z UDZIALEM WIELOPOZYCYJNYCH RECEPTOROW
ANIONOW — NOWA BIBLIOTEKA WIELOSKLADNIKOWYCH
KRYSZTALOW I ADDUKTOW MOLEKULARNYCH

Dorota Glosz'2, Aleksandra Zabinska!, Martyna Dyczkowska!,
Joachim Grzybowski!, Monika Srebro-Hooper!, James G. M. Hooper!,
Tadeusz M. Muziol’, Robert Podgajny!

I Wydziat Chemii, Uniwersytet Jagiellonski w Krakowie, ul. Gronostajowa 2,
30-387 Krakow
? Szkota Doktorska Nauk Scistych i Przyrodniczych, Uniwersytet Jagiellonski
w Krakowie, ul. Lojasiewicza 11, 30-348 Krakow
3 Wydziat Chemii Uniwersytetu Mikotaja Kopernika w Toruniu, ul. Gagarina 7,
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Badania nad wielosktadnikowymi architekturami molekularnymi dostarczaja
informacji o tendencji czasteczek do agregacji i wynikajacych z tego dominujacych
syntonéw supramolekularnych. Opis stosownych oddziatywah niekowalencyjnych
pozwala na wyznaczenie ich hierarchii 1 okre$lenie potencjatu kombinatorycznego,
bedacych istotnymi elementami projektowania uktadow o charakterze funkcjonalnym.
W oparciu o nasze wczesniejsze badania w tym obszarze [1] oraz inspiracje badaniami
innych zespolow [2], w tej prezentacji przedstawi¢ nowa unikalng biblioteke uktadow
wielosktadnikowych z  udzialem zestawow  koformerdéw, pelnigcych  role
wielopozycyjnych receptoréw aniondw, oraz prostych soli organiczno-nieorganicznych.
Koformery typu A wykazujace funkcje rezorcyny (1,3-dihydroksobenzen) moga wigzaé
aniony poprzez wigzania wodorowe, natomiast mw-kwasowy 1,4,5,8,9,12-
heksaazatrifenylen (HAT(CN)g) — poprzez oddziatywania anion-w (Rys. 1).

Resll o
@ : < @ Y
A ~
HO OH c B

A B
C C c

Cl-, Br-, SCN—...
PPh,*, TBA*...

Rys. 1. Biblioteka krysztatéw wielosktadnikowych opartych o addukty dwu- i tréjsktadnikowe z udziatem
oddziatywan anion-n, wigzan wodorowych i oddziatywan n-m.
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W efekcie, 5S-sktadnikowe  krysztaly  [kation][koformer-A][koformer-
B][anion]-rozp wykazuja nowe unikalne 3-skladnikowe addukty supramolekularne
{koformer-A;koformer-B;anion} taczace syntony oddziatywah anion-m, wigzan
wodorowych oraz oddziatywan n-m (Rys. 2). Syntony te sg w istotnym stopniu
odtworzone w obrebie krysztatdéw 5-skladnikowych z udziatem réznych anionow (CI,
Br, SCN") oraz kationdow (PPhs", TBA"), jak réwniez w stosunku do satelickich
krysztatow 4-sktadnikowych [kation][koformer-A/B][anion]-rozp oraz 2-sktadnikowych
[koformer-A][koformer-B].

—

Rys. 2. Przyktadowy 3-sktadnikowy synton {rez3;HAT(CN)s;(Br )2} w soli ko-krystalicznej
[PPh4][rez3][HAT(CN)e][Br]2-2MeCN.

Charakterystyka spektroskopowa UV-Vis (CH;CN) oraz 'H, *C i 3 Br NMR
(CD3CN) wykazata istotny charakter przeniesienia tadunku anion — HAT(CN)s oraz
zmienno$¢ agregacji adduktow w roztworze przy wzroscie liczby skladnikow,
pozostajaca w jakosciowe] zgodzie z obserwowanym uporzadkowaniem strukturalnym
w krysztatach [3]. Uzyskane wyniki mogg stanowi¢ podstawe do dyskusji hierarchii
oraz  konkurencyjnosci i1/lub  kooperatywnosci pomigdzy  wspotistniejacymi
oddziatywaniami niekowalencyjnymi, w kontek$cie wigzania aniondw i projektowania
wlasciwosci optycznych, jak réwniez transportu anionow.
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INTERKALATY TLENKU ARSENU(II): POROWNANIE
STEREOAKTYWNOSCI PAR ELEKTRONOWYCH ARSENU
I SILY ODDZIALYWAN DRUGORZEDOWYCH

Piotr A. Gunka

Wydziat Chemiczny, Politechnika Warszawska, ul. Noakowskiego 3, 00-664 Warszawa

Tlenek arsenu(Ill) tworzy oprécz warstwowych odmian polimorficznych szereg
zwigzkow interkalacyjnych z halogenkami i pseudohalogenkami litowcdw oraz amonu.
Wszystkie scharakteryzowane do tej pory interkalaty za wyjatkiem interkalatu
z bromkiem sodu, NaBr-2As,0s, krystalizuja w uktadzie heksagonalnym i zbudowane
sa z niepofaldowanych warstw As>O3 o symetrii grupy warstwowej pomm. Warstwy
tlenkowe rozdzielaja naprzemiennie utozone natadowane elektrycznie warstwy
kationéw 1 aniondw (patrz rysunek 1). Warstwy tlenkowe obrocone sa ligandami
tlenkowymi w stron¢ kationéw, za$ aniony sasiadujg z wolnymi parami elektronowymi
zlokalizowanymi na atomach arsenu. Arsen tworzy w interkalatach oprécz
pierwszorzedowych wigzan arsen-tlen takze drugorzedowe wigzania arsen---halogen,
ktore zlokalizowane sg w potozeniu trans wzgledem wigzan pierwszorzedowych.

W niniejszym referacie przedstawione zostang korelacje migedzy aktywnoscia
strukturalng par elektronowych arsenu 1 sitg oddzialywan drugorzedowych
arsen--halogen. Sita wigzan opisana zostala na gruncie teorii walencyjnosci wigzan
1z zastosowaniem walencyjnej entropowej liczby koordynacyjnej, a aktywnos$¢
strukturalna za pomoca modelu wektorowej walencyjnosci wigzan [1].

Referat jest poswigcony pamigci profesora Janusza Zachary (1955-2024),
mentora prelegenta i autora zastosowanego w pracy modelu wektorowej walencyjnosci
wigzan 1 walencyjnej entropowej liczby koordynacyjne;.

WE@Q\&
3

Rys. 1. Widok struktury krystalicznej zwiazkow interkalacyjnych tlenku arsenu(IIl) z halogenkami
potasu, rubidu i cezu MX-2As,03; wzdhuz kierunku [120]. Atomy arsenu, tlenu, litowca i halogenu
zaznaczone sg kolorem odpowiednio zielonym, czerwonym, ciemnoszarym i jasnoszarym.
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POLOWANIE NA SHREKA

Natalia Miniajluk-Gawel, Pawel Tomaszewski

Instytut Niskich Temperatur i Badan Strukturalnych, Polska Akademia Nauk,
ul. Okolna 2, 50-422 Wroctaw

Ogry majg warstwy.
z filmu "Shrek"

Krysztalty LaAlOs3, czyste i z roznymi domieszkami, znane s z bogatego zestawu
strukturalnych przemian fazowych. Nie sg jednak znane badania probek w postaci kulek.
Okazuje si¢, ze w takiej postaci probki pojawiajg si¢ cickawe zjawiska. Jednym z nich
jest powstanie sferycznych i koncentrycznych warstw wewnatrz pierwotnie amorficznej
kulki LaAlO3:Nd** [1].

To przypadkowe zdjecie doprowadzito do odkrycia nieznanego w Przyrodzie
zjawiska szybkiej sekwencyjnej Kkrystalizacji w Kkulce ceramicznej. Préba opisu
zjawiska poprzez poszukiwanie warunkéw do jego realizacji stanowi gtowny temat
referatu. Czy udato si¢ znalezienie temperatury takiej krystalizacji? Co jeszcze nalezy
zbadac¢?
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ANALIZA STRUKTURALNA NOWYCH FORM
KRYSTALICZNYCH WYBRANYCH FLAWONOID()V\” ]
WYKAZUJACYCH ZWIEKSZONA ROZPUSZCZALNOSC
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1Sie¢ Badawcza Lukasiewicz — Instytut Chemii Przemystowej, ul. Rydygiera 8,
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Rozpuszczalno§¢ aktywnych sktadnikow farmaceutycznych (API) jest
kluczowym czynnikiem determinujacym ich biodostepnos¢ oraz skuteczno$é
farmakologiczng. Zwigkszenie rozpuszczalnosci leku zmniejsza dawke wymagang do
osiggniecia efektu terapeutycznego, co minimalizuje dziatania niepozadane i poprawia
profil bezpieczenstwa substancji czynnej. Szacuje si¢, ze okolo 40% lekow dostepnych
na rynku i od 70% do 90% nowo opracowanych czasteczek chemicznych zalicza si¢ do
Klas Il i IV w systemie klasyfikacji biofarmaceutycznej (BCS) [1], charakteryzujacych
si¢ niskg rozpuszczalnos$cig w wodzie i stabg biodostepnosciag [2]. Poszukiwanie nowych
form krystalicznych aktywnych skladnikéw farmaceutycznych (API) oraz zwigzkow
wykazujacych aktywnos$¢ biologiczng jest przedmiotem duzego zainteresowania
zaro6wno badan chemicznych, jak i przemystu farmaceutycznego.

Flawonoidy sa biologicznie aktywnymi substancjami wykazujacymi szereg
efektow prozdrowotnych, takich jak wlasciwosci przeciwutleniajace, przeciwzapalne
I przeciwnowotworowe [3]. Chociaz zwigzki te sg obiecujace pod wzgledem
skutecznos$ci, ich niska rozpuszczalno$¢ i1 staba biodostgpnos¢ [4] zmniejszaja ich
potencjat mozliwego zastosowania w formulacjach farmaceutycznych. Celem naszych
badan byta synteza nowych form krystalicznych wybranych flawonoidow wykazujacych
zwigkszong rozpuszczalno$¢. Otrzymano szereg nowych uktadéw uwzgledniajgcych
formy krystaliczne takie jak kokrysztaly, hydraty, solwaty oraz sole. Przedstawione
zostang wyniki badan strukturalnych (SC-XRD, PXRD), termicznych (DSC, TGA)
oraz spektroskopowych (FTIR, FT-Raman).
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STRUCTURAL STUDIES ON TBC1D17, A CRYSTAL STRUCTURE
OF THE TBC DOMAIN AND IDENTIFICATION OF ITS
CONSERVED MOTIFS

Dominika Nielipinska, Agnieszka Pietrzyk-Brzezinska, Maciej Nielipinski,
Bartosz Sekula, Edyta Gendaszewska-Darmach

Instytut Biotechnologii Molekularnej i Przemystowej, Politechnika t.odzka,
ul. Stefanowskiego 2/22, 90-537 £odz

Vehicle trafficking, occurring in every human cell, is a key process that enables
the transport of proteins, nutrients, signaling molecules, and other cellular components
between organelles. This process allows the cell to maintain homeostasis in response to
changing extracellular conditions. Disturbance of membrane trafficking leads to many
diseases, including cancer, neurodegenerative, immunological, cardiovascular, and
metabolic diseases [1].

Every step of membrane trafficking, including transport, sorting of the cargo,
recycling to the cell membrane, and degradation of vehicles, is controlled by Rab proteins,
which are considered molecular switches of this complex process. Rabs constitute the
largest superfamily of small GTPases, which, in their active, GTP-bound form, are
recognized by effector proteins facilitating the processing of vesicles. After fulfilling its
function, Rabs hydrolyze GTP to GDP, which is accelerated by interaction with GTPase-
activating proteins (GAPs) [2].

The representative of the GAP family is TBC1D17 protein. It consists of the
N-terminal Rab-binding domain (RBD) and C-terminal Tre-2, Bub2, and Cdc16 (TBC),
characteristic of other GAP proteins. TBC1D17 can interact with Rab1, Rab5a-c, Rab8a,
Rab21, Rab35, and Rab35 and consequently participates in Shiga toxin disposal, the
regulation of endocytosis, and autophagosome formation [3, 4]. Moreover, it has been
observed that TBC1D17, through interaction with Rab5a, controls the transport of
glucose transporters type 4 and 1 (GLUT4 and GLUT]1) to the cell membrane, which
makes this protein a potential target for type 2 diabetes treatment [5]. Thus, we solved the
structure of this protein and identified the conserved motifs characteristic to TBC
proteins.

Research is part of the Preludium Bis-3 project (2021/43/O/NZ1/01565) financed by the
National Science Centre, Poland.
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CONNECTING GLUTAMATE AND ARGININE METABOLISM.
STRUCTURES OF INTERMEDIATE FORMS OF
N-ACETYLORNITHINE-GLUTAMATE ACETYLTRANSFERASE
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In order to utilize assimilated nitrogen plants process it through two metabolic
pathways — glutamate and glutamine. In context of further nitrogen storage, the end-
product of the glutamine pathway is carbamoyl phosphate utilized in arginine
metabolism by ornithine carbamoyltransferase (OTC). The glutamate pathway ends
with N-acetylornithine, an acetylated form of the OTC’s other substrate. Plants obtain
ornithine in two pathways — linear via N-acetylornithine deacetylase (AOD) or cycling
with N-acetylornithine-glutamate acetyl transferase (NAOGAT, Fig. 1A) [1].

Citrulline Arginine metabolism
ADC
Nitrogen assimilation .
(glutamine pathway) Ormithine
eReSSE=SSR-Ein-Site *{ Carbamoy! phosphate
i NAOGAT onc Polyamine
AOD metabolism
Nitrogen N — Proline
------------------------------------- N-acetylornithine i
uptake Nitrogen assimilation y OAT | metabolism

(glutamate pathway)

Fig. 1. A) Simplified nitrogen metabolism of plants. B) OsNAOGAT biological assembly.

NAOGAT is an enzyme present in bacteria, fungi and plants, not found in
mammals. It belongs to Ntn-hydrolase family of enzymes, which undergoes
autoprotelysis to obtain its activity [2]. An initially single protomer gets cut in half
forming two tightly bound monomers, which ultimately create a characteristic dimer of
dimers assembly of NAOGAT (Fig. 1B). The NAOGAT mechanism of action requires
the proteolysis to happen, as the active residue is being exposed thanks to it. During the
reaction an acetylated intermediate is formed [3].

While structures of enzymes producing carbamoyl phosphate are known for
a long time, no structure of either NAOGAT or AOD was known. Here we present
high-resolution structures of NAOGATs from Oryza sativa and Zea mays in their
acetylated and liganded forms, marking first known structures of plant NAOGATS.

This project was supported by the National Science Centre, grant SONATA
2021/43/D/NZ1/00486. This work was completed when the author MN was Doctoral
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Epilepsy is a chronic neurological disorder that affects people of all ages.
According to the World Health Organization (WHO), approximately 50 million people
worldwide suffer from epilepsy, with 80% living in low- and middle-income countries.
About three-quarters of these individuals do not receive adequate treatment [1].
Therefore, there is still a need to search for new compounds with anticonvulsant activity
that are both effective and safe.

Among anticonvulsant compounds, aminoalkanol and aryloxyalkyl derivatives
are of particular interest. Two such compounds, propranolol and mexiletine, are already
known as cardiovascular drugs [2,3]. Our research focused on structural modifications of
these compounds to enhance their anticonvulsant properties [4-7].

In this paper, we present the results of research aimed at the synthesis and
characterization of salts of 2-((2-(2,3-dimethylphenoxy)ethyl)amino)cyclohexan-1-ol
with succinic acid (compounds 1 and 1p) and dipicolinic acid (compound 2), as well as
1-(3-(2,3-dimethylphenoxy)propyl)piperidin-3-ol with succinic acid (compound 3) and
picolinic acid (compound 4). The preferred geometry of the molecular ions in the crystals
was determined using X-ray diffraction analysis.
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Despite the structural differences of the presented compounds, a common feature
is the presence of NH*---O hydrogen bonds, which play a leading role in the packing of
molecules in the presented crystal structures. In the case of compounds 1p, 2 and 3, n—n
interactions are another important factor influencing the packing. It is also worth noting
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that compounds 1 and 1p are polymorphic forms. N-(2-(2,3-dimethylphenoxy)ethyl)-2-
hydroxycyclohexan-1-aminium cations in these structures adopt clearly different
conformations. In compound 1p, this conformation allows the formation of cation pairs
stabilized by n—m interactions.
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Reverse transcriptases (RTs) play a critical role in the life cycle of retroviruses
and retroelements. These enzymes catalyze the conversion of single-stranded RNA into
double-stranded DNA during reverse transcription [1]. RT is a single enzyme with two
key activities: DNA polymerase, which synthesizes d DNA using DNA or RNA as
a template, and RNase H, which specifically cleaves the RNA strand of an RNA-DNA
heteroduplex formed during the replication process. The Caulimoviridae tamily
represents a major class of plant viruses. Unlike retroviruses, caulimoviruses lack
integrase activity, although they replicate their circular double-stranded DNA genomes
by reverse transcription [2]. Interestingly, caulimoviruses are closely related to Ty3
retroelements, which have been extensively studied for their RT structure and function.
However, detailed structural and biochemical information on caulimoviral RTs remains
elusive.

Here we present the first crystal structure of the Cauliflower Mosaic Virus
(CaMV) RT complexed with an RNA/DNA hybrid. Notably, CaMV RT forms a unique,
monomeric complex with this hybrid, in contrast to the dimeric structure observed for
Ty3 RT [3]. The results of the RNA-dependent DNA polymerase and DNA-dependent
DNA polymerase activity assays showed that individual CaMV RT molecules are capable
of performing full polymerase functions. However, our study reveals a critical
requirement for a presence of a second CaMV RT molecule to transiently interact with
the polymerase-competent RT to carry out RNase H cleavage of the RNA strand. Our
findings provide the first comprehensive picture of the structure and function of CaMV
RT and reveal a mechanism that is distinct from other well-studied RTs.
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The immune system constantly monitors our body looking for and trying to eliminate
various hazards. Its basic role of distinguishing between "self" and "non-self" antigens is
implemented through a number of relatively well-understood mechanisms. Cancer cells pose a
unique challenge to the immune system due to their ability to avoid detection by the immune
system. Although one might assume that due to the specific differences between cancer cells and
healthy cells, the immune system would automatically recognize and attack them, the reality is
more complicated. Characteristic antigens present on the surface of cancer cells should be a signal
to the immune system to initiate a defense reaction. However, cancer cells have developed
advanced strategies to avoid it. One such mechanism is the creation of an immunosuppressive
environment. A key element of this process is the expression of different checkpoints on the
surface of cancer cells. These checkpoints have the ability to inhibit lymphocyte activation, which
favors tumor progression.

Many strategies have been developed for the cancer treatment. Unfortunately, most types
of cancer still remain a challenge for modern oncology. Recent discoveries in cell signaling have
provided a greater understanding of the biology that underlies cancer. These advances are being
exploited to provide targeted drugs and new therapeutic approaches. Blocking inhibitory immune
checkpoints is one of the most promising approaches to activate the immune system. By blocking
the interactions between the inhibitory receptor and a ligand, it is possible to restore the normal
function of T lymphocytes. Immune checkpoint therapy has gained international recognition and
resulted in the Nobel Prize in Physiology and Medicine in 2018.

Herpesvirus entry mediator (HVEM), a member of the TNF-receptor superfamily, serves
as a bimolecular switch in the regulation of the host’s immune response. Depending on the ligand
to which it binds, HVEM can activate (LIGHT, LTa) or inhibit (BTLA, CD160) the functions of
the immune system [1-5]. Blocking the interaction of HVEM with BLTA/CD160 using small
molecules (peptides or peptidomimetics) can be the way to stimulate the body's immune response.

In order to further explore the configuration of the complexes formed by the interaction
of HVEM with potential inhibitors, large amount of HVEM protein was required. We attempted
to develop the efficient method for the expression and purification of the extracellular domain of
HVEM using Escherichia coli. Our initial attempts showed that HVEM forms inactive and
insoluble aggregates. By optimizing the expression conditions, we were able to shift the balance
between the amount of protein in the soluble and insoluble fractions. Three different protocols of
protein renaturation were tested. Refolding was carried out on the column, by dilution, and by
dialysis techniques. The obtained protein was tested for its ability to form a complex with B- and
T-lymphocyte attenuator using enzyme-linked immunosorbent assay.

Initial crystallization trials were performed for active HVEM using vapor diffusion
hanging drop method. Screening for initial conditions of crystallization and their optimization
allowed obtaining numerous crystals, which were subjected to diffraction studies using
a synchrotron radiation source. Diffraction data were successfully collected for the HVEM®-199)
dimer and trimer purified from the soluble fraction. Selected crystals of the HVEM®* ! protein
were soaked in peptide solution, an inhibitor of the formation of the HVEM/BTLA complex [6,7].
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The interaction of the peptide with the obtained protein was confirmed by affinity
chromatography, electrochemical impedance spectroscopy and cyclic voltammetry.

Acknowledgements: This work was supported by a grant from the Polish National Science Center No.
2016/21/D/NZ1/02777.
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A representative of Class 3 L-asparaginases, the inducible zinc-containing
homodimeric enzyme ReAV from the nitrogen-fixing bacterium Rhizobium etli, is
structurally and sequentially distinct from other known L-asparaginases. This unique
feature positions ReAV as an attractive candidate to replace the immunogenic Class 1
asparaginases currently used in the treatment of acute lymphoblastic leukemia. Since the
detailed catalytic mechanism of ReAV is not known, we conducted mutagenesis
experiments of the conserved Lys138 residue from the zinc coordination sphere,
generating two variants (K138 A and K138H) with significantly reduced enzyme turnover
numbers. Furthermore, enzyme kinetic analyses revealed that substitution of the native
Zn*" with Cd?" cations considerably reduced the activity of both, the wild-type ReAV
enzyme and its two variants, while increasing the substrate affinity at the same time. Cd**
inhibition was further intensified by the metal-coordination-disrupting Lys138
substitutions. The Cd** containing K138A and K138H variants, which exhibited reduced
activity but increased substrate affinity, were co-crystallized with the L-Asn substrate.
The crystal structures clearly demonstrated the mode of substrate binding in the active
site. Analysis of the optimal trajectory for the nucleophilic attack led to the identification
of Ser48 as the catalytic nucleophile in the L-asparaginase reaction of ReAV. We propose
that ReAV catalyzes the reaction via a double-displacement mechanism, in which the
acyl-enzyme covalent ester intermediate formed at the first stage of the reaction is later
hydrolyzed by a direct attack of an activated water molecule. Interestingly, we identified
a potential allosteric site near the dimer interface, where the hydrogen bond network and
crystallographic parameters confirmed the presence of L-Asp, i.e., the product of the
L-asparaginase reaction. Work supported by National Science Centre (NCN, Poland)
grant 2020/37/B/NZ1/03250.
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S-methyl-5'thioadenosine phosphorylase (MTAP) is an enzyme that forms a
subgroup of the purine nucleoside phosphorylase (PNP) family. Purine nucleoside
phosphorylases constitute the core of the nitrogen base recovery pathway and regulate the
supply of these key molecules for all living cells, and in the case of organisms that are
unable to synthesize bases de novo, they are the only source of this building block. Despite
the high structural similarity within the family, especially highly conserved a-f fold, there
are fundamental differences at the sequence level determining the substrate specificity of
the subgroup. Studies indicate that the biologically active forms are either trimeric or
hexameric. Hexamers are distinguished by broader substrate specificity and have been
observed mainly in thermophilic and parasitic organisms [1, 2].

MTAPs are enzymes specialized for the degradation of the modified nucleoside
S-methyl-5'-thioadenosine (MTA). MTA is a byproduct of the synthesis reaction of many
polyamines, where S-adenosylmethionine donates an aminopropyl group. The binding of
a nucleoside and a phosphate ion at the active center induces significant conformational
changes within the two flexible loops. The phosphate ion acting as a nucleophile on the
anomeric carbon of ribose ring release adenine and forms S-methyl-5'-thio-a-D-ribose
I-phosphate. Adenine can be used in the purine recovery pathway, while sugar containing
a sulfur atom in its structure becomes the substrate of the methionine salvage pathway
(MSP). Methionine synthesis and sulfur assimilation are energetically costly processes,
and the system for methionine recovery and regulation of its supply appears to be a major
evolutionary achievement associated, among other things, with the speciation of the
MTAP subgroup of the PNP phosphorylase family [3].

Fig. 1. Electrostatic charge distribution of the MTAP monomer in complex with MTA.
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In the current study, we obtained crystal structures of a cold-adapted MTAP from
an Antarctic metagenomic library in complexes with several ligands. Structures of
complexes were solved using Molecular replacement with native MTAP as a model [4].

High-quality X-ray diffraction data of MTAP with: PO4>", PO4>~ and adenine, SO4*
(a phosphate mimicking ion) and MTA (Fig. 1), as well as with mutated key amino acids
enzyme allow us to describe structural changes of the active center, compare the
mechanism with other members of purine nucleoside phosphorylase family studied so far,
and highlight adaptations of the cold-labile enzyme.
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Katechol i jego pochodne stanowia wazng grupe zwigzkoéw chemicznych
wykorzystywanych w wielu obszarach przemystu, m.in. jako sktadniki wywotywaczy
fotograficznych, inhibitory proceséw polimeryzacyjnych, dodatki do smarow
oraz poOtprodukty w syntezie farmaceutykow. Zwiazki te, w wyniku intensywne;j
dziatalnos$ci antropogenicznej, sa coraz czg¢sciej identyfikowane jako zanieczyszczenia
srodowiska wodnego [1]. Ich struktura aromatyczna warunkuje duza trwalos¢ chemiczng
1 odporno$¢ na naturalne procesy degradacyjne, a takze sprzyja bioakumulacji.
Dodatkowo, katechol zostat sklasyfikowany przez Miedzynarodowa Agencj¢ Badan nad
Rakiem (IARC) jako zwigzek mozliwie rakotworczy dla ludzi (grupa 2B), co poteguje
potrzebe opracowania skutecznych i selektywnych metod jego konwersji [2].

W przyrodzie za rozklad pirokatechin odpowiadaja metaloenzymy zawierajace
jony metali przejsSciowych w centrach aktywnych, stabilizowane wigzaniami z resztami
aminokwasowymi. Enzymy te charakteryzuja si¢ wysoka aktywnoscia, jednak
prowadzona przez nie kataliza jest ograniczona optymalnymi warunkami aktywnosci
enzymatycznej. Dobra alternatywa s3 biomimetyczne kompleksy metali
d-elektronowych, ktore swoja budowg odwzorowuja otoczenie jonow miedzi(Il)
bedacych kofaktorami oksydaz katecholowych (Rys.1). Biomimetyki cechujg si¢
porownywalnymi wlasciwosciami katalitycznymi oraz wigksza stabilno$cig w szerszym
zakresie temperatury oraz pH $rodowiska. Ich zastosowanie jako katalizatorow
w procesach degradacji fenoli stanowi obiecujgcg strategi¢ w inzynierii srodowiska,
umozliwiajac  efektywng neutralizacj¢ trwatych zanieczyszczen organicznych
w warunkach, w ktorych enzymy natywne tracg aktywnosc¢ [3].

His 244
His 274

Rys.1. Centrum aktywne oksydazy katecholowej w natywnej utlenionej formie Cu(II)-Cu(Il) (kod PDB:
1BT1) (lewa) i kompleks miedzi(IT) z ligandem N,O-donorowym (prawa).
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Jako analogi centrum aktywnego oksydaz katecholowych (OK), zaprojektowano
1 zsyntetyzowano ligandy N,O-donorowe, ktore zostaly skompleksowane
w biomimetyczne zwigzki miedzi(I) 1 zelaza(Ill) (Rys.1). Dla otrzymanych
monokrysztaldéw wykonano niskotemperaturowe badania strukturalne na dyfraktometrze
XtaLAB Synergy-S firmy Rigaku. Otrzymane dane przeprocesowano, wykorzystujac
oprogramowanie CrysAlisPro [5], struktury rozwigzano metodami bezposrednimi
1 udoktadniono przy uzyciu pakietu programéw SHELX-2017 [6]. Ponadto dla
otrzymanych monokrysztatéw kompleksoéw zelaza(Ill) 1 miedzi(Il) wykonano badania
aktywnosci katalitycznej. Wykonane testy potwierdzity, Ze otrzymane biomimetyki
przeksztalcajg katechole zgodnie z mechanizmem analogicznym do dziatania oksydaz
katecholowych, a produktem jest pochodna chinonowa.
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Farmaceutyczne zastosowanie genisteiny jest przedmiotem wielu badan
medycznych. Jednak niska rozpuszczalno§¢ w srodowisku wodnym wplywa na jej niska
biodostepnos¢ [1]. Na podstawie Systemu Klasyfikacji Biofarmaceutycznej (BCS)
genisteina zaliczana jest do II klasy [2]. Zwigkszenie rozpuszczalno$ci mozliwe jest
dzigki kokrystalizacji. Zastosowanie kokrysztatow substancji farmaceutycznie czynnej
moze pozwoli¢ na zmniejszenie dawek przyjmowanych lekéw oraz zmniejszy¢
czestotliwos$¢ przyjmowania leku [3].

Celem przeprowadzonych badan byla synteza nowych, farmaceutycznie
akceptowalnych  kokrysztatow  genisteiny, ktore beda wykazywaly wyzsza
rozpuszczalno$¢ w wodzie 1 wyzsza przenikalno$¢ przez btony komorkowe.

Do okreslenia czysto$ci chemicznej, stabilno$ci oraz oznaczenia zawarto$ci
substancji aktywnej w kokrysztale opracowano selektywng metod¢ ultraszybkiej
chromatografii cieczowej w uktadzie odwroconych faz z detekcjag UV-VIS (UPLC-UV-
VIS). Pozwolita ona takze na przeprowadzenie badan rozpuszczalnosci i przenikalno$ci
w réznym zakresie pH, zgodnie z wytyczng Europejskiej Agencji Lekow (EMA)
i Swiatowej Organizacji Zdrowia (WHO) [4, 5].

Opracowano czutag metode UPLC-UV (LOD~20 ng/ml) charakteryzujaca si¢
odpowiednig rozdzielczo$cia (Rs>1,5), akceptowalng symetria pikow (As<L,8)
pochodzacych od genisteiny 1 kofomerow zgodnie z wytycznymi ICH 1 Farmakopei
Europejskiej [6,7]. Czynnikiem determinujacym retencje i rozdzielenie na fazach
odwroconych bylta polarno$¢ izomerow lutydyny, ktore eluowaty w czasie martwym (tm)
w przeciwienstwie do bardziej hydrofobowej genisteiny. Opracowane warunki metody
UPLC-UV, dobor odpowiedniego pH fazy ruchomej i fazy stacjonarnej pozwolily
na oznaczenie analitow oraz uzyskanie wspotczynnika retencji (k) w zakresie 5-6,5
dla izomeréw kofomerow oraz k~4 dla genisteiny.
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HIGH PRESSURE STUDY ON STRUCTURE AND PROPERTIES
OF TRIS(PENTAFLUOROPHENYL)BORANE,
A PADDLE-WHEEL COMPLEX
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61-614 Poznan, Poland
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Tris(pentafluorophenyl)borane, known as BCF (Figure 1), is a popular Lewis
acid thanks to its high acidity combined with sufficient stability [1]. Its structure of
“paddle-wheel”, consisting of bulky, electronegative perfluorophenyl ligands around the
boron center makes it a prominent component in FLP chemistry. Frustrated Lewis Pairs
are compositions of sterically hindered base and acid — due to its unsaturated reactivity
they are currently in the spotlight as catalytic agents free of heavy-metals. They offer
acceleration of reactions surpassing that of conventional catalysts. They are used
particularly in the field of hydrogenation, but not only [2-4]. Investigation of
conditions-structure dependency in this class of materials seems to be promising since
there is asimple linkage between the conformation of the BCF molecule and its
chemical properties.

BCF single crystals were investigated under variable temperature and high-
pressure conditions using single-crystal X-ray diffraction, complemented by Raman
spectroscopic measurements and basic DFT calculations. The experiments are designed
to uncover structural deformations and changes in intermolecular interactions and in the
end to determine the Lewis acidity of BCF and its contribution to FLP in variable

conditions.

Fig. 1. “Paddle-wheel” structure of the BCF molecule. Colour code: boron - yellow, carbon - black,
fluorine - green.
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X-RAY STRUCTURAL ANALYSIS OF UNIQUE POLYMORPH OF
ACETYLENE-GOLD(I)-PHOSPHINE UNDER VARIABLE
TEMPERATURE AND PRESSURE CONDITIONS

Alicja Prezyna, Aleksandra Zwolenik, Anna Makal

Biological and Chemical Research Centre, Faculty of Chemistry, University of Warsaw,
Zwirki i Wigury 101, 02-089 Warsaw

Gold(I) complexes have attracted extensive research interest in recent years,
particularly regarding the relationship between the existence and nature of Au---Au
interactions and the physical and photophysical properties of the resulting materials.
These compounds hold great potential for applications in pressure sensors, light sensors,
and optoelectronic devices [1].

PirEt mono is one of the stable polymorphs of acetylene-gold(I)-phosphine.
Unlike other polymorphs of this compound, it does not exhibit aurophilic interactions,
and its crystal structure consists of isolated molecules with two different ligands. This
unique characteristic makes it an ideal reference for studying the properties of other
polymorphs. However, a comprehensive understanding of its intrinsic behaviour is
necessary before making further comparisons. To achieve this, a series of variable-
temperature and high-pressure X-ray diffraction experiments were conducted.

This compound crystallises as a twin in the monoclinic system, which poses
significant challenges for data processing, particularly in high-pressure experiments. To
improve data completeness, the crystal was oriented in a diamond anvil cell following the
procedure described by Tchon et al. [2], showed on Fig. 1. This approach, along with the
appropriate data reduction for a twinned compound, enabled a series of experiments in
the pressure range up to 2.0 GPa and the temperature range from 100 to 310 K. The study
revealed anomalous behaviour of this compound under both temperature and pressure
variations, highlighting its complex structural response to external stimuli.

Fig. 1. Single crystal of PirEt mono oriented on a drop of glue on a diamond from diamond anvil cell.
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SYMMETRIZATION OF STRONG HYDROGEN BOND UNDER
HIGH PRESSURE IN BIHYDROXIDE-ION-CONTAINING
NaCuz(S04)2'H302 REVEALED BY EXPERIMENTAL CHARGE
DENSITY AND SINGLE CRYSTAL ELECTRON AND NEUTRON
DIFFRACTION STUDY
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The hydrogen bond symmetrization leads to a change in bulk modulus [1],
seismic wave velocities [1], proton mobility and plays a primary role in the high
temperature superconductivity [2], but its characteristics are not well understood due to
lack of systematic studies and limitations of experimental methods sensitive to this
subtle change. In this work we present the most detailed study of pressure-induced
hydrogen bond symmetrization process reported so far, utilizing for the first time single
crystal electron and neutron diffraction methods to investigate this phenomenon along
with experimental charge density analysis based on synchrotron X-ray diffraction data.
On the way to the symmetrical H-bonding, natrochalcite mineral undergoes a series of
complex redistributions of electron density which we traced with multipole refinement
and detailed analysis of changes in the Laplacian of electron density values (Fig. 1a).
The neutron diffraction experiment clearly indicated that hydrogen bond
symmetrization takes place at ~1.6 GPa and it is in the perfect agreement with the
results from multipole refinement against X-ray data. Two symmetrically dependent
maxima peaks between oxygen atoms and ordered H-atom visible on both maps
(Fig. 1b) are associated with localization of bonding electron pairs between the O(4) and
H(4B) atoms. It shows that symmetric H-bond under high pressure conditions has
unusually strong covalent character and its formation can have significant influence on
physical properties of mineral structures under conditions in the Earth’s mantle. The
recent development of dynamical and kappa refinement for electron diffraction (ED)
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data demonstrate that combining these methods enables precise and accurate location of
hydrogen atoms in single crystals even for inorganic materials [3]. Calculated residual
Fourier density maps for the plane parallel to the bihydroxide ion obtained with the
kappa model of natrochalcite without H(4B) atom refined against electron diffraction
data revealed two symmetrically dependent electron density maxima around inversion
centre between oxygen atoms which are associated with disordered nature of H(4B)
atom at atmospheric pressure.
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Fig. 1. (a) 3D maps of differences in negative Laplacian values for the H(4B) atom. (b) Difference
Fourier maps calculated using the model without hydrogen atom H(4B) refined against neutron data at
1.6 GPa. (c) Difference Fourier maps in the plane parallel to the bihydroxide ion calculated using the
kappa model without hydrogen atom H(4B).
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4,4’-AZOPYRIDINE AND FUMARIC ACID COCRYSTAL UNDER
PRESSURE

Bugra Atam, Ewa Patyk-Kazmierczak

Faculty of Chemistry, Adam Mickiewicz Univeristy in Poznan, ul. Uniwersytetu
Poznanskiego 8, 61-614 Poznan

Modification of the composition by the formation of multicomponent crystals can
be a relatively straightforward way to tailor the physicochemical properties of the solid
materials [1]. To design the composition of multicomponent crystals, it is crucial to
analyse the functional groups present in the molecules of all components and to establish
whether they can form synthons and a complementary hydrogen-bonding network [2].
Consequently, compounds capable of forming Brensted-Lowry acid-base pairs are
frequently chosen, which can crystallize together either as a cocrystal or a salt. The final
outcome of the crystallization can be predicted to some extent by the empirical ApK, rule,
where for ApK. (ApK. = pK. [protonated base] — pK, [acid]) values higher than 2 or 3,
we expect a salt to be formed, while for lower values, the probability of cocrystal
formation is higher [3]. More precise ApK, limits were established based on the statistical
analysis of almost 6500 structures of ionized and non-ionized acid—base pairs deposited
in the Cambridge Structural Database [4], with a follow-up study revealing those limits
to strongly depend on the crystal packing and molecular structure [5]. Moreover, even if
two compounds form cocrystal at atmospheric pressure, it is possible to transform it into
salt by means of compression and inducing proton-transfer reactions in the solid state [6].
A recent study even revealed an inverse relationship between the pressure required to
induce such a transformation and the value of ApK, [7]. Still, the low number of
multicomponent crystals investigated under high pressure did not allow for establishing
the precise correlation, and further study of similar systems is needed.

In this communication, we present results of the high-pressure investigation of a
cocrystal based on 4,4’-azopyridine (AZO) and fumaric acid (FUM) in order to further
explore the phenomenon of pressure-induced proton transfer and the effect of
compression on O—H---N hydrogen bonds. The AZO-FUM cocrystal was selected due to
the bidentate nature of the coformers and the possibility of two proton-transfer reactions
occurring between the AZO and FUM molecules, each associated with a different value
of ApK.. The results obtained from this high-pressure investigation will be discussed in
the context of multicomponent crystals previously investigated under high pressure.

The funding from National Science Centre, Poland (grant No. UMO-2020/39/D/ST4/00260) is
kindly acknowledged.
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X — RAY DIFFRACTION INVESTIGATIONS OF (TPM),Snl,
PEROVSKITE UNDER HYDROSTATIC PRESSURE
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Due to their optical properties, organometal halide perovskites can be effective
light emitters of the new generation. These materials give an opportunity to tune the
emitting spectra in a wide range and maintain the costs of production at the same time.
For that reason, attempts to find proper structures that emit blue, green, and red radiation
have been undertaken. Today, LEDs based on 3D perovskites and QD quantum dots
achieved external quantum efficiency greater than 20%, and, moreover, the materials of
quasi-2D perovskites give more promising results [1]. Unfortunately, most of the low-
dimensional perovskites structures are based on toxic lead, which is the major restriction
in the commercialisation of LED perovskites LED. Therefore, it is necessary to
investigate new perovskite materials that efficiently emit red radiation.

Herein we investigate (TPM),Snl, (TPM = C,SHsCH,N H3) with the band gap
of 1.80 eV [2] by using X-ray diffraction technique under different hydrostatic pressure
from 0 to 3 GPa. The investigations were carried out on a Malvern-Panalytical Empyrean
powder diffractometer, equipped with a diamond anvil cell. The measurements were
performed using a molybdenum X-ray tube giving radiation of length A Koy = 0.709319.
The results obtained showed a rapid change in the lattice parameters of the perovskite
unit cell at 2GPa. These results confirm the phase transition of the material observed in
the optical spectroscopy investigations results.
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Hydrazones are an important class of ligands in the Schiff base family, which
contain the —C(=0)—NH—N=C unit in their structure. These compounds are effective and
flexible ligands in coordination chemistry, and they can coordinate to a wide range of
transition metal ions [ 1]. The structure of the substituents connected to the hydrazone unit
considerably affects the coordination mode of hydrazones and the structure of the final
product [2]. Here, we report the synthesis, crystal structure, and Hishfeld surface analysis
of two Mn(Il) complexes with hydrazone ligands obtained from the reaction
of 2-imidazolecarboxaldehyde with 2-pyridinecaboxylic acid hydrazide and
4-pyridinecaboxylic acid hydrazide. The Mn(Il) complexes were characterized by
spectroscopic methods and single-crystal X-ray analysis. Structural studies indicated that
the position of the nitrogen atom of the pyridine ring connected to the hydrazone unit has
a considerable effect on the coordination mode of the ligand and also on the
intermolecular interactions in the structure of the products. Thus, the Hirshfeld surfaces
(HS) analysis was employed to explore the non-covalent interactions and the contribution
of contacts within the structures of complexes. Based on the dnorm surface, the red regions
correspond to the hydrogen bond interactions such as C—H--*N, N-H---N, O—H:---0O,
N-H---O and C—H---O interactions in the structure of complex 1 (Fig. 1a) and C—H:--O,
N—-H:---O, N-H---Cl and C—H:--Cl interactions in the structure of 2 (Fig. 2a). The shape
index surface of 1 and 2 (Figs. 1b and 2b), verify the presence of 7w stacking interactions
in these structures. The flat regions on the aromatic ring within the curvedness surface
(Figs. 1c and 2c) confirm @---w interactions.

N-H---O

C-H--N
/

b)

N-H--N

) 7...7 interactions
7-..7 stacking

C-H---O

Fig. 1. Hirshfeld surface analysis of complex 1 a) dnorm, b) shape index c) curvedness.
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N-H--0 Nogp--C

C-H---0
| C-H-Cl

7-..7 stacking 7---7 interactions

Fig. 2. Hirshfeld surface analysis of complex 2 a) dnorm, b) shape index c) curvedness.
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SURFACE ANALYSIS OF DINUCLEAR ZIRCONIUM COMPLEX
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Hydrazones are flexible Schiff base ligands that have been widely used
in preparing transition metal complexes [1]. Considering the literature, including the
CCDC database, indicates that, surprisingly, there is no report about the structure
of hydrazones with zirconium. This report describes the synthesis and crystal structure of
the first dinuclear Zr(IV)-hydrazone complex. The complex was obtained by the reaction
of ZrCl4 with a dihydrazone ligand in methanol. Structural studies indicated that the
Zr(IV) ion is eight-coordinated and its coordination environment is created by the
coordination of two ONO-donor chelating unit of the hydrazone ligand and two methanol
molecules. Hirshfeld surface (HS) analysis was used to investigate the interactions in the
structure of the Zr-complex. The Hirshfeld surfaces of Zr-complex mapped with a) dnorm,
b) shape index and c¢) curvedness are shown in Fig. 1. The dnorm Hirshfeld surface (Fig. 1a)
indicates the interaction between the closer atoms outside the surface (de) and inside the
surface (di). The dnorm Hirshfeld surface shows the red spots, which are related to the close
proximity, such as C—H---O, C—H---N, and O—H:--O contacts. The shape index Hirshfeld
of the Zr-complex (Fig. 1b) indicates the presence of m--m stacking interactions. The
curvedness of the Hirshfeld surface of the Zr-complex (Fig. 1¢) includes three flat areas
on the aromatic rings, which show the presence of -1 interactions. The fingerprint plots
and the contribution of some main contacts are shown in Fig. 2. The fingerprint plots
indicate that H---H contacts have the most contribution (56.2%), and the contribution of
O--H and C---C contacts are 11.4% and 4.1%, respectively.

7.7 stacking m-- -7 Interactions

O-H-0

Fig. 1. Hirshfeld surface analysis of Zr-complex a) dnorm, b) shape index c) curvedness.

66 Konwersatorium Krystalograficzne, Warsztaty
i Sesja Sekcji Mtodych Krystalograféw PTKryst, Wroctaw 25-27 VI 2025 87



4
TA TS T8 ZU 27 Z¥

Fig. 2. 2D fingerprint plots for Hirshfeld surface of Zr-complex.

T 277X

¥ OS TUTZ T4 5 T8 70 77 7%

Literature
[1] 1. Czyzewska, L. Mazur, L. Popiotek, Chemical Biology & Drug Design, 104 (2024) ¢14590.

66 Konwersatorium Krystalograficzne, Warsztaty
88 i Sesja Sekcji Mtodych Krystalograféw PTKryst, Wroctaw 25-27 VI 2025



A-18

SYNTEZA ORAZ BADANIA STRUKTURALNE
SZCZAWIANOWYCH KOMPLEKSOW CHROMU(III)
Z. KATIONEM PROFLAWINY JAKO PRZECIWJONEM
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87-100 Torun

Proflawina (3,6-diaminoakrydyna), okreslona wzorem Ci3H11N3, nalezy do grupy
barwnikéw z rodziny akrydyn i posiada w swojej strukturze dwie grupy aminowe [1].
Znana ze swoich zastosowan farmaceutycznych jest dostgpna w sprzedazy w postaci
niesprotonowanej, jako chlorowodorek lub jako uwodniony siarczan. Przeglad
Cambridge Structural Database wykazat, ze rzadko tworzy wigzania koordynacyjne
zwlaszcza poprzez aromatyczny atom azotu, natomiast bardzo czesto przechodzi w kation
i tworzy sole. Celem pracy bylo otrzymanie potaczen z proflawing pelnigcg role
przeciwjonu, okreslenie struktury i analiza sieci oddziatywan wystepujacych w sieci
krystalicznej. W tym celu wykorzystano powierzchnie Hirshfelda. Przeprowadzono takze
obliczenia energii mi¢edzy oddziatujagcymi blokami.

Przeprowadzono syntezy w ukladzie proflawina-szczawianowy kompleks
chromu(Ill) zmieniajac uzyty blok chromowy — tris(szczawiano)chromian(Ill) badz
diakwabis(szczawiano)chromian(Ill). Odpowiedni dobdér reagentdéw pozwolit na
otrzymanie dwoch soli proflawiny o wzorach: (Hpro)s[Cr(ox)s3]-4H20 (1) oraz (Hpro)cis-
[Cr(ox)2(H20)2]-:3H20 (2). Zwiazki te zostaty scharakteryzowane metodami analizy
elementarnej, PXRD, spektroskopii IR i Ramana, UV-Vis, praz przeprowadzono badania
fluroescencji. Struktur¢ okre§lono na podstawie pomiaréw dyfrakcji rentgenowskiej dla
monokrysztatu. W obu zwigzkach proflawina wystepuje w postaci kationu, a chrom
znajduje si¢ oktaedrycznym otoczeniu sze$ciu atomow tlenu. Ktore pochodzg z trzech
anionow szczawianowych w (1) oraz dwoéch aniondéw szczawianowych 1 dwoch
czasteczek wody w (2). Ze wzglgdu na inertno$¢ kompleksoOw chromu uzyte w syntezie
bloki wystgpity takze w otrzymanych produktach i nie zaobserwowano ich konwersji.
Jony Cr(IIT) w nich tworza wigzania z otaczajagcymi atomami tlenu o dlugosci 1,950(2)
A, a1,976(2) A w (1) oraz 1,9632(16) A, a 1,9863(17) A w (2). W upakowaniu (1)
obserwuje si¢ naprzemiennie utozone kolumny skladajace si¢ wylacznie z kationow
proflawiny (kationy A 1 B sg naprzemiennie utozone w kolumnie) oraz kolumny
tworzonej przez aniony Cr(ox)s]*, czasteczki wody krystalizacyjnej oraz kationy
proflawiny (kation C) (Rys. 1). Oddziatywania wodorowe tworzone s zaréwno
w kolumnie z blokiem szczawianowym (wigzania N-Hprof - *Oox. O-Haq"**Oox, C-Hprof" -
Oox) jak 1 pomiedzy odmiennymi kolumnami (np. pomiedzy kationami B proflawiny
a czasteczkami wody — H1B 1 O37). Oddzialywania stackingowe wystepuja pomiedzy
kationami proflawiny ulozonymi prawie rownolegle (katy miedzy A i B wynosza 3,85°
oraz 9,71°) do siebie oraz migdzy czasteczkami D (kat D---D wynosi 0,0°). W (2)
upakowanie rowniez wykazuje kolumny proflawiny odseparowane poprzez aniony cis-
[Cr(ox)2(H20)2]" (Rys. 1). W lukach sieci znajduja si¢ czasteczki wody, ktére tworza
wigzania wodorowe N-H:--O z kationami proflawiny oraz O-H:--O z anionami. Wigzania
wodorowe O-Hag -Oox wystepuja takze migdzy blokami anionowymi tworzacymi
kolumng¢ biegnaca wzdtuz osi a.
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Rys. 1. Upakowanie w (Hpro)s;[Cr(ox)3]-4H>O (1) (po lewej, w czg$ci asymetrycznej znajduja si¢ trzy
kationy proflawiny zaznaczone na rysunku r6znymi kolorami) oraz (Hpro)cis-[Cr(ox)»(H20),]-3H,0 (2)
(po prawej).

Literatura
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KORELACJA STRUKTURA-LUMINESCENCJA W GRUPIE
CZTEROKOORDYNACYJNYCH KOMPLEKSOW BORU

Dawid R. Natkowski*!, Karolina Wrochna!, Paulina H. Marek-Urban?!,
Joanna Krzeszczakowska®, Anna Makal®, Krzysztof Durka!

"' Wydziat Chemiczny, Politechnika Warszawska, ul. Noakowskiego 3, 00-664
Warszawa,
2 Wydzial Chemiczny, Politechnika Slgska, ul. Strzody 9, 44-100 Gliwice
3 Wydziat Chemii, Uniwersytet Warszawski, ul. Pasteura 1, 02-093 Warszawa

*e-mail: natkowskidaw@gmail.com

Czterokoordynacyjne  kompleksy  boroorganiczne ciesza si¢  duzym
zainteresowaniem ze wzgledu na mozliwos¢ tatwej modyfikacji oraz wihasciwosci
luminescencyjne, co czyni je obiecujacymi kandydatami do zastosowan w technologii
laserowej oraz w urzadzeniach elektronicznych, takich jak diody OLED. Jednym
z gtownych czynnikdw wplywajacych na ich luminescencj¢ w ciele statym jest
konformacja czasteczki oraz jej otoczenie chemiczne w strukturze krystalicznej [1].

Podczas badan nad kompleksem boroorganicznym o architekturze spiro
zbudowanym z rdzenia sulfonowego 1 liganda 2-(2-pirydylo)fenolu napotkalismy
przypadek polimorfizmu. Dwie formy rdéznicowaly si¢ znaczaco pod wzgledem
wlasciwosci optycznych, wykazywaty odmienne widma emisyjne w zakresie UV-Vis
oraz roézne wartosci wydajnosci kwantowej luminescencji. Ponadto, polimorfy
wykazywaly inne wiasciwosci luminescencyjne w odpowiedzi na dziatanie sity
mechanicznej (mechanochromizm) oraz ci$nienia zewngtrznego [2].

W niniejszej pracy zaprezentowano seri¢ kompleksoOw zawierajacych rdzen
sulfonowy 2z roéznymi podstawnikami (F, CI, Br oraz OMe) i ligand
2-(2-pirydylo)fenolowy. Przeprowadzono badania strukturalne w celu zbadania zwigzku
miedzy strukturg krystaliczng a wlasciwosciami luminescencyjnymi, ze szczegdlnym
uwzglednieniem wptywu pozycji podstawnikoéw na geometri¢ molekut 1 tworzong sie¢
oddziatywan mig¢dzyczasteczkowych. Wszystkie zwigzki zostaly scharakteryzowane za
pomoca technik spektroskopowych oraz obliczen teoretycznych w celu racjonalizacji
zaobserwowanych zaleznosci.

X =H/F/CI
Y = H/F/Br/OMe
Z=HIF 0 0.2 0.4 0.6 0.8

Rys. 1. a) Schemat prezentowanych komplekséw. b) Diagram CIE 1931 wyjsciowego kompleksu
(X, Y, Z = H) ukazujacy zjawisko mechanochromizmu. c) Geometrie molekut dwoch odmian
polimorficznych.
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Badania zostaly sfinansowane ze $rodkow Narodowego Centrum Nauki w ramach
projektu  OPUS 20 ,Efektywne fotouczulacze oparte na sztywnych uktadach

boroorganicznych ~ jako  generatory  tlenu  singletowego”, (DEC-UMO-
2020/39/B/ST4/02370).
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ANALIZA WEASCIWOSCI FOTOPRZELACZALNYCH
SOLWATOMORFU ZWIAZKU KOORDYNACYJNEGO Pd(II)
Z. GRUPA NITROWA

Kacper Paszczyk, Katarzyna N. Jarzembska, Radostaw Kaminski,
Adam Krowczynski

Wydziat Chemii Uniwersytetu Warszawskiego, ul. Zwirki i Wigury 102, 02-089
Warszawa

Foto- 1 termoprzetaczalne zwigzki chemiczne moga mie¢ rozmaite zastosowania
m.in. w fotowoltaice i fotonice. Gtownym celem przeprowadzonych badan oraz analizy
byta ocena wplywu struktury krystalicznej oraz otoczenia grupy nitrowej na wlasciwosci
nowego, potencjalnie fotoprzetaczalnego solwatomorfu zwigzku koordynacyjnego
Pd(I). Jego struktur¢ wraz ze schematem reakcji przelgczania przedstawiono na
rysunku 1.

470 nm
100-200K

" d—

T>200K

Rys. 1. Schematyczne przedstawienie reakcji zachodzacej podczas naswietlania.

W badanym zwigzku Pd(II) centrum metaliczne jest koordynowane przez grupe
nitrowg oraz ligand N,N,O-donorowy i wykazuje ptasko-kwadratowa geometri¢ sfery
koordynacyjnej. Uklad ten otrzymano zgodnie z procedurg opisang w literaturze [1].
Zwiazek tworzy rowniez inne formy krystaliczne, w tym niezawierajacy rozpuszczalnika
polimorf, cechujacy si¢ wysoka przelaczalnoscia siegajaca ponad 90% w zakresie
temperatur 100-200 K. Badany solwatomorf krystalizuje w grupie przestrzennej 12/n
z jedna czasteczkg rozpuszczalnika przypadajaca na dwie czasteczki kompleksu. W celu
okreslenia  wiasciwosci  fotoprzetaczalnych  wykonano serie  eksperymentow
fotokrystalograficznych [2]. W wyniku naswietlania krysztalu w temperaturze 100 K
obserwuje si¢ transformacje¢ grupy nitrowej do potaczenia endo-nitrito. Wyindukowany
izomer jest metastabilny i trwaty w zakresie temperatur 100200 K [3]. W celu analizy
oddziatywan obliczono rowniez energie oddziatywan miedzy czasteczkami tworzacymi
rézne motywy strukturalne w sieci krystalicznej przy pomocy metody DFT.

Podzigkowania dla grantu SONATA BIS (2020/38/E/ST4/00400) za wsparcie

finansowe.
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Z KIM PRZYSTAJESZ, TAKIM SIE STAJESZ? - WPLYW
LIGANDA NA WELASCIWOSCI STRUKTURALNE ZWIAZKOW
KOBALTU(II)

Emilia Sonsala, Anna Switlicka

Instytut Chemii, Uniwersytet Slgski w Katowicach, Szkolna 9, 40-006 Katowice

Rok 1993 uznaje si¢ za przelomowy w rozwoju magnetyzmu molekularnego,
poniewaz to wlasnie wtedy Gatteschi 1 Sessoli potwierdzili wystgpowanie zjawiska
powolnej relaksacji magnetycznej oraz histerezy namagnesowania w zwigzku
[Mn12012(OAc)16(H20)4]-2MeCO:H-4H-0O, ktorego synteze kilka lat wcze$niej opisat
prof. T. Lis [1,2]. Wlasciwosci strukturalne 1 magnetyczne tego kompleksu, a takze
innych, podobnych uktadoéw, staly si¢ impulsem do rozwoju badan nad nanomagnesami
molekularnymi (SMM, ang. Single Molecule Magnets). Nowy nurt badawczy znalazt
rowniez zastosowanie w chemii zwigzkow kompleksowych metali bloku f, gdy
Ishikawa 1 wspotpracownicy jako pierwsi zaprezentowali jednordzeniowy kompleks
terbu(Ill) o wzorze [TBA][Pc.Tb] (Pc - ftalocyjanina, TBA — jon
tetrabutyloamoniowy), dla ktorego zaobserwowano zjawisko powolnej relaksacji
magnetyzacji [3]. W ten sposob z grupy SMM wyodrgbniono nowa klas¢ zwigzkow —
magnesy pojedynczego jonu (SIM, ang. Single-lon Magnets). W poréwnaniu do jondw
lantanowcdw, charakteryzujg si¢ one mniejszym momentem magnetycznym i stabszym
sprzezeniem spin—orbita (S—0O), a dodatkowg zaleta jest prostsza i relatywnie tansza
synteza. Przelomowe byto zaobserwowanie zjawiska powolnej relaksacji w kompleksie
zelaza(Il) o wzorze K[(tpa"Mes)Fe], co stato si¢ katalizatorem intensywnych badan nad
magnesami pojedynczego jonu zawierajacymi jony metali bloku d, takich jak Mn(Il),
Mn(III), Ni(I)/(II), Re(IV), Fe(1)/(I1)/(111), Co(II) [4].

Obecnie badania koncentrujag si¢ na projektowaniu, syntezie oraz analizie
wihasciwosci strukturalnych 1 magnetycznych kompleksow kobaltu(Il) opartych na
anionie acetyloacetonianowym (acac) oraz ligandach N-donorowych. W niniejszej
pracy przedstawiamy rdznice strukturalne i1 spektroskopowe pomiedzy czterema parami
kompleksow Co(II), w ktérych do atomu centralnego koordynuja ligandy monodentne:
imidazol (im), I-winyloimidazol (viim), 4-aminopirydyna (ampy),
4-(dimetyloamino)pirydyna (meampy), 4-fenylopirymidyna (phpym) 1 2-amino-4-
fenylopirymidyna (amphpym), a takze ligandy bidentne: 1,10-fenantrolina (phen) oraz
4,7-dichloro-1,10-fenantrolina (4, 7-Clphen).
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CO W BORZE SZUMI? WLASCIWOSCI LUMINESCENCYJNE
I ANALIZA ODDZIALYWAN MIEDZYCZASTECZKOWYCH
PENTACYKLICZNYCH KOMPLEKSOW BORU

Zuzanna Spvychalska*!, Karolina Wrochna!, Paulina H. Marek-Urban?!,
Krzysztof Durka!

I Wydziat Chemiczny, Politechnika Warszawska, ul. Noakowskiego 3, 00-664 Warszawa
2 Wydziat Chemiczny, Politechnika Slgska, ul. ks. Marcina Strzody 9, 44-100 Gliwice

*e-mail: zuzanna.spychalska.stud@pw.edu.pl

Do najpopularniejszych kompleksow boru nalezg barwniki BODIPY, ktore dzigki
swoim wlasciwosciom luminescencyjnym znajduja zastosowanie w organicznych
diodach elektroluminescencyjnych [1], bioobrazowaniu [2], a ich pochodne za sprawg
wysokich zdolno$ci do generowania reaktywnych form tlenu, takze w terapii
fotodynamicznej [3]. Jednakze, pomimo wielu zalet, gldwnymi wadami opisywanych
kompleksow sa m.in.: wygaszanie fluorescencji w ciele statym, mate przesunigcie
Stokes’a a takze ograniczone mozliwosci hipsochromowego przesunigcia widma
absorpcji i1 emisji ponizej 480 nm.

Odpowiedzig na wyzej przedstawione problemy moze by¢ siegniecie do innych
klas zwigzkéw  kompleksowych boru. W ramach badan zsyntezowano
1 scharakteryzowano zwigzki nalezace do dwoch klas kompleksow boroorganicznych
zawierajacych w swojej strukturze ligandy chelatowe (N,N”) oraz (N, O) absorbujace
promieniowanie  widzialne w  zakresie $wiatla niebieskiego. Wlasciwosci
spektroskopowe takie jak: maksimum absorpcji, emisji, wydajnos¢ kwantowa
fotoluminescencji zostaty okreslone zaréwno dla roztworu jak 1 ciata statego. Celem
niniejszej pracy bylo scharakteryzowanie wlasciwosci luminescencyjnych badanych
uktadéw oraz proba zracjonalizowania obserwowanych réznic we wlasciwosciach
emisyjnych ciata stalego wykorzystujac analiz¢ strukturalng. Dodatkowo, badania
poszerzono o wykonanie szeregu obliczen kwantowo-chemicznych, co pozwolito na

skorelowanie wtasciwosci spektroskopowych ze strukturg zwigzkow.
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Rys. 1. (a) klasy badanych kompleksow, (b) struktury wybranych zwigzkow, (c) widma absorpcji i emisji,
(d) zdjecia roztworéw badanych zwigzkow.
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Badania zostaty sfinansowane w ramach projektu Narodowego Centrum Nauki
OPUS pt. ,,Efektywne fotouczulacze oparte na sztywnych uktadach boroorganicznych
jako generatory tlenu singletowego”, nr rej. 2020/39/B/ST4/02370.
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BADANIA STRUKTURALNE I SPEKROSKOPOWE ZWIAZKOW
KOMPLEKSOWYCH [Ru(H)(CO)(dtbbpy)(PPhs)2]PFs ORAZ
[Ru(H)(CO)(bq)(PPhs)2]PFs

Waldemar Wysocki, Zbigniew Karczmarzyk, Anna Kamecka

Instytut Nauk Chemicznych, Uniwersytet w Siedlcach, ul. 3 Maja 54, 08-110 Siedlce

Kompleksy rutenu (II) z ligandami polipirydylowymi stanowiag interesujacy
obszar badan ze wzgledu na ich wyjatkowe witasciwosci fotofizyczne, fotochemiczne
oraz zastosowania w terapii fotodynamicznej, katalizie czy elektronice molekularnej
[1-3].

W prezentowanym komunikacie przedstawiamy syntezeg, struktury krystaliczne
i wlasciwosci  emisyjne  dwoch  zwigzkéw  koordynacyjnych  rutenu  (II):
[Ru(H)(CO)(dtbbpy)(PPhs)2]PFs (Rudtbbpy) oraz [Ru(H)(CO)(bq)(PPhs):]PFs (Rubq).
Zwiazki te otrzymane zostaly w wyniku reakcji prekursora [Ru(H)2(CO)(PPhs)s]
z ligandem N”N, odpowiednio: 4,4'-di-tert-butyl-2,2'-bipirydyna (dtbbpy) oraz
2,2"-bichinolina (bq) [4,5] i scharakteryzowane za pomoca spektroskopii 'H NMR,
3P NMR, FT-IR i UV-VIS.

_ . _ -
PhsP “ PPh, PhsP \
' PhsP co |
oC-. l Nz _ dtbbpy, EtOH \R|u/ bg, EtOH OC\R P )
/Ru\ PFge—7 oEME, —————— ARUS_ PFg
H ‘ NS NH,PF¢ H™ | H  NHPF, H | NS
P PPhs =
PhgP PhsP O
Rudtbbpy Rubq

W temperaturze pokojowej badane zwigzki wykazuja bardzo staba emisj¢
przypisywang przejsciu So «— *MLCT, ktoérej intensywnos¢ 1 potozenie zaleza od
elektronowego charakteru ligandow N*N — obecnos¢ elektronodonorowych grup tert-
butylowych w dtbbpy sprzyja nieco intensywniejszej emisji w poroOwnaniu do
rozbudowanej aromatycznej struktury bichinoliny w bq. W niskiej temperaturze (77 K)
oba kompleksy wykazujg silng luminescencj¢ o charakterze MLCT. Przejscie
elektronowe powoduje skrocenie wigzanh Ru—N oraz wydluzenie wigzanh Ru—P, co
$wiadczy o przesunieciu tadunku z fragmentu Ru(H)(CO)(PPhs). na ligand N”N.
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CRYSTALLOGRAPHIC INSIGHTS INTO METAL-METAL
BONDING IN SQUARE-PLANAR Pd(II) AND Pt(Il) COMPLEXES

Patryk Borowski, Radostaw Kaminski, Katarzyna N. Jarzembska

Department of Chemistry, University of Warsaw, Zwirki i Wigury 101, 02,089, Warsaw

This study reports a comparative crystallographic study of two coordination
complexes featuring 2-isocyano-1,3-dimethylbenzene ligands with palladium(Il) and
platinum(II) centers. The compounds were synthesized via a modified literature method!!!
and crystalised from hexanes. Single-crystal X-ray diffraction experiments revealed both
structures adopt a triclinic crystal system (P -1 space group) and exhibit square-planar
geometry around the metallic centres. A key structural feature observed in both
complexes is the formation of dimeric units stabilized by close metal-metal contacts.
Metal-metal distances reached 4.1885(4) A (Pt) and 4.1751(4) A (Pd) at room
temperature. Moreover, cooling the experiment temperature down to 100K results in a
noticeable (approx.. 5%) decrease of the metal-metal distance, suggesting a thermally
responsive behaviour.

Further studies involve spectroscopic and theoretical investigations aimed at
understanding how dimeric metal-metal interactions influence the physicochemical
properties of studied compounds. Additionally, we plan to explore how factors such as
temperature and pressure affects the crystal structure and complex optical properties.

Fig 1. Characteristic dimeric motif with metal-metal interactions marked with red thick line.

The authors thank the SONATA BIS grant (2020/38/E/ST4/00400) of the
National Science Centre in Poland for financial support. The Wroctaw Centre for
Networking and Supercomputing (grant No. 285) is gratefully acknowledged for
providing computational facilities. The in-house X-ray diffraction experiments were
carried out at the Department of Physics, University of Warsaw, on a Rigaku Oxford
Diffraction SuperNova diffractometer, which was co-financed by the European Union
within the European Regional Development Fund (POIG.02.01.00-14.122/09).
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[NaSm(orotate)s(H20)10]:3H.O0 COMPLEX — CRYSTAL
STRUCTURE AND VIBRATIONAL SPECTRA
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’Faculty of Chemistry, Wroctaw University of Science and Technology,
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*e-mail: marta.brzezinska@pwr.edu.pl

Orotic acid (6-carboxyuracil, vitamin Bi3) is a well-known key precursor of all
pyrimidine bases essential for the biosynthesis of DNA and RNA. In addition to its
biological significant, orotic acid is an interesting multidentate ligand, capable of
coordinating metal ions through two deprotonated pyrimidine nitrogen atoms, two
carbonyl oxygen atoms, and two carboxylate oxygen atoms.

As an extension of our earlier studies on metal complexes with orotic acid, we
have directed our attention to rare earth elements. Here, we present the results from our
recent publication [ 1] on a new Sm(III) orotate complex, [NaSm(orotate)s(H20)10]-3H20.
Its crystal structure was determined by single crystal X-ray diffraction. The most
characteristic vibrational bands were assigned in detail based on FT-IR and FT-Raman
spectroscopy. It should be noted that the complex was synthesized under non-
hydrothermal conditions.

The [NaSm(orotate)s(H20)10]-:3H20 crystallizes in the non-centrosymmetric
orthorhombic space group Cmc2. The asymmetric unit consists of two orotate ligands,
one disordered Na(I) cation with half occupancy, one Sm(III) cation located at a special
position, and three solvent water molecules — two of which are disordered with half
occupancy, and one located at a special position. The Sm*" is coordinated by nine oxygen
atoms: two from the orotate ligands and seven from water molecules, three of which
occupy special positions (see Fig. 1).

o1ow

C11W

OQW‘ Q7w
]
Fig. 1. The molecular structure of [NaSm(orotate)s(H20)10]-3H20, showing the atom-numbering scheme.
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OVERVIEW OF THE SYNTHESIS AND STRUCTURAL
CHARACTERIZATION OF QUASICRYSTAL-CONTAINING
MULTI-PHASE ALLOYS AND SINGLE-GRAIN
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The objective of this project was the design and synthesis of novel
quasicrystalline materials exhibiting long-range magnetic order [1,2]. Quasicrystals,
owing to their inherently aperiodic atomic arrangement, present a compelling platform
for the emergence of unconventional physical phenomena, including magnetism. The
study commenced with a systematic investigation of phase equilibria in the Al-Cu—Fe—
RE (rare earth) compositional space. A series of multi-phase alloys was synthesized,
incorporating the icosahedral Al-Cu-Fe quasicrystalline phase, the C2/m FesAlis
approximant, and various secondary precipitates. Comprehensive structural and
compositional analyses were conducted on all phases present within the microstructure.
These included crystallographic identification, elemental mapping, precise chemical
composition measurements, thermal stability assessment, and magnetic characterization.
In our recent study [3], we demonstrated how the observed bulk magnetic behavior of
boron-doped Al-Cu-Fe alloys can be attributed to specific phases within the
microstructure, using an optically-detected magnetic resonance method.

Single grains of rare-earth doped Al-Cu-Fe quasicrystals with pentagonal
dodecahedral morphology were synthesized by means of the Al-flux growth method
using the Canfield assembly and high-purity elements as starting materials. The
structure was confirmed by electron backscatter diffraction as well as powder and single
grain X-ray diffraction. The reciprocal space reconstruction plane determined by [0 0 0],
[1 0 0] and [0 1 O] vectors shows scaling of distances between the diffraction spots
along the five-fold direction with the golden ratio exponent, which is a feature of the
face-centered icosahedral lattice. We employed the CrysAlis package to integrate the
single grain X-ray diffraction data. The Fourier transform phases of the crystal electron
density obtained from the diffraction data were calculated using the charge-flipping
scheme in the Superflip software [4]. The electron density of the single grain
quasicrystals were calculated using dedicated Matlab scripts developed by Buganski [5].
The real space electron density map revealed that the synthesized quasicrystal is
composed of two types of atomic clusters, the classical Mackay and Bergman-like
clusters. The electron density distribution in six-dimensional unit cell was also
analyzed.
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Tetragonal LiMn,O4 has garnered attention for its exceptional properties as an
electrode material for both pseudocapacitors and batteries [1]. This material is produced
through low-temperature ion exchange, where zinc ions in ZnMn2Og4 are replaced by
lithium ions. Our study aims to compare the structural characteristics of this material with
previous reports on tetragonal LiMn2O4 and our own findings on spinels.

In 1994, Tarascon et al. first presented X-ray diffraction patterns of lithium-
manganese spinels with a tetragonal structure [2]. The lattice constants reported were
a=28.1155(9) A and ¢ = 8.648(11) A, indicating an elongation of the unit cell along the c
axis with c¢/a = 1.06. Additionally, a diffraction pattern corresponding to a tetragonal
spinel with ¢/a < 1 was observed. These spinels were obtained by thermally treating
a mixture of LiCO3; or LiNO3 with MnOa, followed by rapid cooling. The hygroscopic
nature of LiNO;3 likely reduced the Li/Mn ratio below 1/2, lowering the average oxidation
state of manganese and inducing the cooperative Jahn—Teller effect. Further studies
revealed that manganese ions in tetrahedral positions are responsible for the symmetry
reduction. Depending on the Mn?" and Mn>" ion content, a tetragonal phase with c¢/a > 1,
a tetragonal phase with ¢/a < 1, or an orthorhombic phase can be formed [3]. The
tetragonal phase was only observed after rapid cooling, while high-temperature
diffraction measurements showed only a cubic phase [4]. The symmetry reduction occurs
due to the freezing of the cation distribution in the tetrahedral positions of
Lio.9sMno.02[Mn2]O4 and a decrease in the average oxidation state of manganese in
octahedral positions below 3.5.

Substitution with metal ions that prefer tetrahedral positions can induce similar
effects. Substituting lithium ions in tetrahedral positions with zinc ions results in spinel
ZnMn,QO4, which has a tetragonal structure (/41/amd) with Zn" in tetrahedral sites and
Mn*" in octahedral sites. Mn®>" in octahedral coordination exhibits a strong Jahn—Teller
distortion effect. Recent reports suggest that electrochemical replacement of Zn>* ions in
ZnMn>O4 with Li" ions leads to the formation of tetragonal LiMn>O4 with exceptional
electrochemical properties [5]. However, the authors did not convincingly demonstrate
the tetragonal structure of this material. Analyzing the change in X-ray reflection
intensities with substitution suggests a transition from tetragonal ZnMn>O4 to cubic
LiMn,04. Thus, the existence of tetragonal LiMn2O4 remains speculative.
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Ponad 80% przypadkéw nowotworow stanowig guzy lite, ktore charakteryzuja sie
znacznym niedotlenieniem (hipoksja), co istotnie obniza ich wrazliwo$¢ na
promieniowanie jonizujace stosowane w radioterapii. Jedng z obiecujgcych strategii
przezwyci¢zenia radioopornosci  jest zastosowanie zwigzkow  chemicznych
uwrazliwiajagcych ~ komorki  nowotworowe  na  promieniowanie @ —  tzw.
radiosensybilizatoréw (RS). Szczegolnie interesujaca grupe radiosensybilizatorow
stanowig modyfikowane nukleozydy (Mnuc), ktorych struktura zblizona jest do
naturalnych nukleozydéw, co umozliwia ich skuteczne wbudowywanie do DNA.

Odpowiednie modyfikacje chemiczne zwigkszaja podatnos¢ Mnuc na degradacje
indukowang elektronami poprzez mechanizm dysocjacyjnego przylaczenia elektronu
(DEA). W obecnosci uwodnionych elektronow — bgdacych produktami radiolizy wody —
dochodzi do powstania niestabilnego anionorodnika zasady azotowej i jego rozpadu do
reaktywnego rodnika oraz jonowego ugrupowania odchodzacego. Tak powstale
reaktywne rodniki moga indukowac uszkodzenia nici DNA, prowadzac w konsekwencji
do $mierci komorki nowotworowej [1].

Pomimo identycznej liczby zasad purynowych 1 pirymidynowych
w dwuniciowym DNA, znane s3 jedynie nieliczne radiosensybilizatory purynowe.
Dlatego zsyntezowana zostala nowa pochodna 2'-deoksyadenozyny - 8-(4-
trifluorometylotio)benzyloamino-2'-deoksyadenozyna (dA-NHbenzylSCF3) — o wyzszej
podatnosci na DEA niz natywna dA.

dA-NHbenzylSCF3; krystalizuje w heksagonalnej grupie przestrzennej Po6a,
z trzema czasteczkami w jednostce asymetrycznej (Rys. 1). Uklad krystaliczny
charakteryzuje si¢ uporzadkowanym, spiralnym utozeniem czasteczek wokot osi
Srubowej 64 oraz obecnos$cig licznych oddziatywan stabilizujacych, takich jak wigzania
wodorowe (O—H:--"N, N—H:--O, C—H---N), oddzialywania n---w migdzy pierscieniami
purynowymi oraz oddzialywania typu C—F---F—C.

Uzyskana struktura krystaliczna dA-NHbenzylSCF; dostarcza cennych
informacji na temat oddziatywan stabilizujacych tego typu pochodne adeniny w stanie
stalym. Obecnos¢ silnie elektroujemnej grupy trifluorometylotio w strukturze zwigzku
powinna utatwia¢ tworzenie rodnikoanionu, co ma istotne znaczenie dla wlasciwosci
radiosensybilizujacych analizowanego zwigzku 1 stanowi podstawe do dalszych badan
biologicznych oraz obliczen teoretycznych.
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a)

Rys. 1. Widok a) asymetrycznej czesci komorki elementarnej dA-NHbenzylSCF; oraz b) struktury jednej
czasteczki dA-NHbenzylSCF3 (elipsoidy termiczne przedstawiono na poziomie prawdopodobienstwa
50%).
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The unique electronic configuration of Ce is the fundamental reason behind the
distinctive physical and chemical properties of Ce-based materials. Scientists are
increasingly interested in these materials due to their remarkable physical properties and
wide-ranging applications in catalysis, energy storage, and sensing. More recently,
Ce-based materials have also been proposed for use in the development of next-
generation permanent magnets.

An example of a Ce-based material is Ce;PdGes, an intermetallic compound that
belongs to a broad class of RE2TMX3 intermetallic compounds, where RE represents
rare earth and actinide metals, TM denotes late transition metals, and X signifies
elements like Si or Ge. Two crystal structures have been reported for these compounds:
the hexagonal AlIB,-type and the tetragonal o-ThSi>-type. In some cases, different
polymorphs can be achieved through slight changes in stoichiometry, heat treatment, or
by employing different synthesis techniques. Compounds that crystallize in different
structures will exhibit distinct physical properties (see Fig. 1).

Ce,PdGe,
h-Ce,PdGe; t-Ce,PdGe;
hexagonal tetragonal
AIB,-type a-ThSi,-type
P6/mmm, no. 191 P4,/mmc, no. 131

* cluster-spin-glass  antiferromagnet
* metal * metal

Fig. 1. Comparison of the physical properties of two polymorphs of Ce,PdGes.
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The hexagonal polymorph of Ce2PdGes (h-Ce:PdGes) has been investigated in
detail to understand the relationship between crystal structure, magnetic behavior, and
electronic properties. The compound is crystallized in the AlB>-type structure (space
group P6/mmm, no. 191), where Ce atoms are positioned at the 1a(0,0,0) site, forming
planar hexagonal layers. Ge and Pd atoms are randomly distributed at the 2d(1/3, 2/3,
1/2) site, forming graphite-like sheets parallel to the Ce layers. As a result of this
random distribution, chemical disorder is introduced in the vicinity of the Ce atoms,
significantly affecting magnetic interactions and low-temperature ordering. In contrast,
the tetragonal variant of Ce,PdGes (-Ce2PdGes) is characterized by two inequivalent Ce
sites surrounded by nonmagnetic atoms, leading to distinctly different magnetic
properties.

To probe the physical behavior of 4-Ce,PdGes, measurements of magnetization,
specific heat, and electrical resistivity were performed across a broad range of
temperatures and applied magnetic fields. A transition into a cluster-spin-glass state was
detected at 7t = 3.44 K, suggesting frustrated magnetic interactions likely caused by
chemical disorder. In the ~-Ce;PdGes phase, long-range antiferromagnetic ordering was
observed, with distinct transitions at 10.7 K and 2.3 K, attributed to separate magnetic
ordering of the two Ce sublattices.

At low temperatures, a magnetic hysteresis loop was recorded, with the coercive
field reaching ~1 kOe at 2 K. The Ce** valence state was verified through magnetization
measurements and supported by X-ray photoelectron spectroscopy. Metallic behavior
was confirmed by resistivity measurements in both the 4#-Ce2PdGe; and #-Ce:PdGes
phases.

The magnetocaloric effect (MCE) in #-Ce2PdGes was evaluated through analysis
of magnetization and specific heat data as functions of temperature and magnetic field.
For a field change of 50 kOe, a maximum isothermal magnetic entropy change of AS,, =
2.6(1) Jkg''K! and an adiabatic temperature change of approximately 8 K were
determined. These values were found to peak in the temperature range of 7-9 K.
Although the MCE magnitude is moderate, the entropy change remains relatively
constant over a broad temperature window, indicating functional stability that may be of
interest for low-temperature magnetic cooling applications. The MCE in the #-Ce>PdGes
variant has not yet been characterized, but a larger effect is expected due to its more
ordered antiferromagnetic state.

The differences in magnetic ordering and caloric behavior between the two
polymorphs are strongly linked to the structural symmetry, spatial arrangement of Ce
atoms, and the degree of local chemical disorder. In the A-Ce2PdGes phase, the
disordered environment around Ce atoms plays a critical role in the emergence of the
spin-glass state. These findings contribute to the broader understanding of structure—
property relationships in Ce-based intermetallic compounds and highlight /#-Ce;PdGe;
as a model system for exploring disorder-driven magnetism. The results have been
published in [1].

This work was supported by National Science Centre Poland under project
2023/07/X/ST11/00345 (“MINIATURA”). K.S. acknowledge the financial support of the National
Science Centre Poland under project 2021/41/B/ST5/02894 (“OPUS”).
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Emilia Bronikowska, Tadeusz Muziol

Wydziat Chemii, Uniwersytet Mikotaja Kopernika w Toruniu, ul Gagarina 7,
87-100 Torun

Paracetamol jest stosowanym na calym $wiecie lekiem o dziataniu
przeciwbolowym 1 przeciwgoragczkowym, popularnie wykorzystywanym w leczeniu
takich dolegliwos$ci jak bole glowy, migsni czy goraczka. Pomimo swojego szerokiego
zastosowania paracetamol posiada wilasciwosci, przez ktére jego dawkowanie jest
utrudnione — sg to staba rozpuszczalno$¢ w wodzie i1 staba tabletkowalnos¢. W celu
poprawy wspomnianych wlasciwosci prowadzone s3 badania m.in. nad
wielosktadnikowymi materialami krystalicznymi zawierajacymi sktadniki aktywne,
doktadniej kokrysztatami, solwatami i solami [1,2].

Kokrysztaty, czyli ciala stale skladajace si¢ z krystalicznego materiatu
jednofazowego, sktadajacego si¢ z dwoch lub wiecej roznych zwigzkow czasteczkowych
i/lub jonowych, zazwyczaj w stosunku stechiometrycznym, ktére nie sg ani solwatami,
ani prostymi solami (Online Dictionary of Crystallography), zyskuja w ostatnich latach
coraz wieksza popularno$¢, ze wzgledu na swoje wlasciwosci. Zwiazki wchodzace w
sktad kokrysztatu utrzymywane s razem poprzez oddziatywania niekowalencyjne, takie
jak wigzania wodorowe, sily van der Waalsa lub oddzialywania n-mt [3].

Przeprowadzono syntez¢ kokrysztatu paracetamolu z 3,4,7,8-tetrametylo-1,10-
fenantroling metoda powolnego odparowania. Syntezy przeprowadzono w dwodch
stosunkach stechiometrycznych (1:1 oraz 1:2 paracetamol do koformera), w wyniku
czego otrzymano 3 rozne struktury krystaliczne, ktore nastgpnie poddano analizom.

Rys. 1. Upakowanie sieci krystalicznych (od lewej): (CsHoNO>)-(CisHi6N2)-(C.HsOH)-(H.0O) (1)
wzgledem osi b, (CsHoNO,)-(Ci6Hi6N2)-(C2HsOH) (H20) (2) wzgledem osi a
oraz (CgHgNOz)'(C16H16N2)'(H20)5 (3) wzgle;dem osi a.
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Przeprowadzone analizy wykazaly istotng zalezno$¢ pomiedzy stechiometrig
badanego uktadu a indukowanymi przeksztalceniami strukturalnymi, ktére prowadza do
podwyzszenia gestosci materiatu. W badanym uktadzie forma (1) przechodzi w (2)
w obecnosci rozpuszczalnika. Forma (3) powstaje w wyniku reakcji w stosunku
stechiometrycznym 1:2. Charakterystyczng cecha wszystkich analizowanych struktur jest
bogata sie¢ wigzan wodorowych z zaangazowaniem w te oddzialywania wszystkich
atomow wodoru z grup -NH, -OH oraz czasteczek wody.
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Niewigzace oddziatywanie, w ktérym atom halogenu X (X = Cl, Br, lub I)
oddziatuje z bogatym elektronowo atomem Y czasteczki neutralnej lub mono- lub
polianionowej rozumie si¢ — zgodnie z konwencja Unii Chemii Czystej 1 Stosowanej
(IUPAC) — jako wigzanie halogenowe (XB) [1].

Modyfikacje uktadow porfirynowych to jedna z najprezniej rozwijanych
poddziedzin chemii organicznej pozwalajgca na modyfikacje  wlasciwosci
molekularnych tych makrocykli i tym samym tworzenie motywow o odpowiednio
zaprojektowanych funkcjach [2].

Wigzanie C=C jest atrakcyjnym motywem strukturalnym w projektowaniu
1 modyfikacji nowych materiatow. Przylaczenie atomu halogenu do wigzania C=C
prowadzi do otrzymania bardzo dobrego donora wigzania halogenowego. Fragment
1-haloalkinylowy wykorzystano przy modyfikacji tetra-fenyloporfiryny. Otrzymano
dwie izostrukturalne pochodne — bromowa i jodowa — makrocykla, ktoére zostaty
scharakteryzowane metodami rentgenostrukturalnymi, spektroskopowymi (NMR) oraz
spektrometrig mas. W otrzymanych krysztalach obserwuje si¢ powstawanie kanatow,
ktorych objetos¢ stanowi okoto 20% catkowitej objetosci komorki elementarne;.
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The formation of cocrystals has been suggested as an alternative to salt formation
in the pharmaceutical industry. This methodology allows the properties of nonionisable
pharmaceuticals to be altered, and also widens the possibilities for non-ionisable and also
certain ionisable pharmaceuticals [1]. We managed to obtain three different cocrystals of
squaric acid with: 2,4-lutidine (complex 1), 2,6-lutidine (complex II) and 3,5-lutidine
(complex III).

X-ray structural analysis of the crystals showed that in complex I lutidine with
acid forms co-crystals in two different compositions - in the ratio 1:1.5 and 1:1. Complex
II - 2,6-Lutidine (2,6-dimethylpyridine, C;H9oN) forms a hydrated complex with squaric
acid, H2SQ. In the literature, hydrated squared acid complexes can be found frequently
[2,3]. In complex III, lutidine forms a cocrystal with quartz acid in a 1:1 ratio.

In structure A, the plane of the lutidine ring makes an angle of approximately 11
degrees with the H2SQ plane - Figure 1A. Similar angles of inclination of the ring planes
were observed in the 3-Amino-2-chloropyridinium hydrogen squarate complexes —
described by Koleva in 2009 [4]. In the second structure, both of these planes are parallel
to each other (see Figure 1B) and this is consistent with the position of the planes in the
previously described complexes: pyridinium hydrogen squarate [5].

mean: C13C12C11 C14
mean: M1 C1 C2C3

nnnnn C12C13C14 C11
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Fig. 1. Mutual position of the planes of the lutidine ring and H2SQ in A) complex I (proportion 1:1.5) —
angle 11.08°; B) complex I (proportion 1:1) — parallel; and C) complex III (proportion 1:1) — angle
47.84°. The color of the lutidine sheet is marked in purple, and the square acid planes are marked in

orange.

In case of complex III the ring planes form an angle of approximately 48 degrees
(see Figure 1C) and this is consistent with the observed angle in the
3-((hydroxyimino)methyl)pyridine-1-2-hydroxy-3,4-dioxocyclobut-1-en-1-olane
described by Ivanova in 2012 [6].

In all structures described, ions are held together by extensive intermolecular
interactions that include hydrogen bonds. C—O and C—C bond lengths of the C4 ring of
the squarate are quite indicative of the resonance condition because of the mono-anion
formation.
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MELOXICAM MULTICOMPONENT CRYSTAL STRUCTURES
REVEALED BY POWDER X-RAY DIFFRACTION
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Crystal structure solution of monocrystals by SCXRD is a gold standard in
structural chemistry, but sometimes obtaining suitable monocrystal is a significant
challenge and we are not always able to use this method [1]. In this case, PXRD
measurements and MD calculations can be used to establish the structure of powdered
crystal phase. For an anti-inflammatory drug, meloxicam, used for the bone and joint pain
treatment [2], three multicomponent crystals with pyrazine and imidazole were obtained
by Liquid Assisted Grinding (LAG) or heating. In this work, we investigate the crystal
structures of 1:0.5 meloxicam:pyrazine, and 1:1 and 1:2 meloxicam:imidazole binaries
with PXRD supported by solid-state NMR. In particular, the registered diffractograms
were used to index the unit cells and molecular dynamics (MD) calculations were
performed to solve the structures. The successful Rietveld refinement was performed in
Jana2020. Solid-state NMR measurements at two different magnetic field strengths were
used to unambiguously establish the protonation state in the aforementioned structures.
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Fig. 1. Comparison of the registered diffractogram with the calculated after Rietveld refinement(left) for
meloxicam-pyrazine cocrystal (structure on the right).

As a result, it was determined that in meloxicam:pyrazine cocrystal the API is
present in a very unusual tautomeric form (Fig. 1), unprecedented before in any of
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meloxicam crystalline forms. For the two crystals of meloxicam with imidazole it was
discovered that 1:1 form is a salt, while 1:2 from is a mixed salt-cocrystal, with one
protonated imidazole molecule, and the other being in its natural form. Additionally, the
supramolecular motifs in the crystal structures were described. Concluding, combining
the powder X-ray diffraction methods with solid-state NMR spectroscopy revealed the
three new structures of meloxicam multicomponent crystals.
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CRYSTALS OF SALICYLIDENE SCHIFF BASES:
TAUTOMERISM AND INFLUENCE OF CARBOXYLIC GROUP
POSITION ON THE CRYSTAL PACKING

Patrvk Nowak, Artur Sikorski

Department of Chemistry, University of Gdansk, 63 Wita Stwosza St., 80-308 Gdansk

Schiff bases represent a structurally diverse and functionally versatile class of
compounds that continue to attract significant scientific interest due to their chemical
reactivity and broad spectrum of applications. Their reactivity and the presence of
a >C=N- group give rise to valuable optical, structural, and biological properties.
Intramolecular proton transfer enables keto-enol tautomerism, which explains their
photo-, thermo- and solvatochromic behavior. These features make them promising for
applications in smart materials, as well as for therapeutic uses [1-10].

Three novel Schiff bases: 2-{(E)-[(2,3-dihydroxyphenyl)methylidene]-
amino}benzoic acid (1), 3-{(E)-[(2,3-dihydroxyphenyl)-methylidene]amino }benzoic
acid (2), and 4-{(E)-[(2,3-dihydroxyphenyl)methylidene]-amino }benzoic acid (3) were
synthesized and characterized using ATR-FTIR, DSC/TG, and SCXRD methods.
Crystallographic studies revealed that compounds 1 and 3 adopt a zwitterionic imine
form, whereas compound 2 is stabilized in the enol-imine form via an intramolecular
O-H:--N hydrogen bond. A comparative survey of the Cambridge Structural Database
(CSD) demonstrated systematic correlations between geometric parameters associated
with the hydroxyl and azomethine groups for both tautomeric forms. Furthermore,
analysis of intermolecular interactions indicated that the position of the carboxyl group
significantly affects the formation of supramolecular synthons involving hydroxyl and
carboxyl groups (Fig. 1). These synthons exhibit varying interaction energies, resulting
in distinct packing arrangements and influencing the thermal stability of the crystals.

Fig. 1. Crystal packing of compounds 1-3, (a—c, respectively). Supramolecular synthons are indicated as
follows: green (hydroxyl:--carboxyl), orange (carboxyl:--carboxyl) and blue (hydroxyl---hydroxyl) areas.
Hydrogen bonds are represented by black dashed lines.
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Hydrogen bond-assisted ionic organic frameworks (iHOFs) [1] represent an
emerging class of porous organic materials characterized by the ability to form porous
three-dimensional aggregates stabilized by charge-assisted hydrogen bonds and anion---n
interactions. iHOFs have attracted growing attention due to their broad application
potential in various fields like drug delivery [2], adsorption, heterogeneous catalysis [3],
molecular storage [4] and many more [5]. While polymorphism and solvatomorphism
have been widely investigated in porous materials, pressure-induced solvatomorphism
remains relatively underexplored and offers new perspectives for modulating the
structural and functional properties of such compounds.

Fig. 1. The iHOF molecule present in iHOF-xMeOH at 0.55 GPa, bromine anions and methanol molecules
omitted for clarity.

We report the piezo-solvatomorphism [6] of an iHOF observed through in situ
isochoric recrystallizations from methanol and water under high-pressure. Remarkably,
despite the general tendency of pressure to promote closely packed crystal structure, all
high-pressure isochoric recrystallization experiments consistently yielded porous
framework structures. Recrystallization from methanol resulted in two forms of
1HOF-nMeOH that differ in guest methanol content: the low-pressure structure, stable up
to 0.4 GPa crystallizing in the triclinic space group P1 , and a higher-pressure form, stable
above 0.4 GPa adopting a tetragonal P4./n space group (Fig. 1). Similarly,
recrystallization from water led to two forms of the iHOF hydrate (iHOF-xH-0), also
differing in guest content: a low-pressure tetragonal structure stable up to approx.
0.2 GPa, and a high-pressure structure crystallizing in the cubic space group la3d.
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As observed before for [H3O][Pbl3]-nH>O obtained at high-pressure, compression can
lead to the desorption of small, co-crystallized, guest molecules [7], which aligns with the
reduced void volume observed in both iHOF-nMeOH and iHOF-xH-O.

These results underscore the complex relationship between molecular flexibility,
solvation effects, and supramolecular interactions in governing the structural aggregation
of three-dimensional frameworks at high pressure. The demonstrated examples show
a huge perspective for the application of high-pressure in exploring novel topologies of
complex framework materials.
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STRUCTURAL STUDIES OF UREA CLATHRATES WITH LONG
ALIPHATIC AMINES

Anna Sadocha, Ilona Turowska-Tyrk, Michal K. Cyranski, Arkadiusz Ciesielski

University of Warsaw, Faculty of Chemistry, Pasteura 1 02-093 Warsaw

Although urea is a relatively small molecule, it forms many unusual structures,
such as clathrates. The first urea clathrate structures were identified in the 1980s. It was
shown that urea molecules, interacting through hydrogen bonds, form hexagonal channels
that can accommodate guest molecules. These channels are infinite, allowing guest
species a certain degree of mobility within them, which in turn leads to positional
disorder. Studies on clathrates have shown that systems that can be incorporated into urea
channels include unbranched aliphatic hydrocarbon molecules and their derivatives [1-3].
In 2002, finite urea channels were obtained, closed at both ends by solvent molecules [4].

Our studies of these systems have led to the formation of clathrates with long-
chain aliphatic amines: undecylamine (N11), dodecylamine (N12), tetradecylamine
(N14), hexadecylamine (N16), and octadecylamine (N18). Methanol is also incorporated
into the crystal lattice of each of these structures. Within each channel, two amine
molecules are oriented with the amine groups outward, which allows interaction with the
methanol molecule. This arrangement leads to the formation of a closed channel structure
and results in relatively ordered guest molecules. It is worth noting that the cross-section
of these channels does not resemble a perfect hexagon, as is the case for infinite urea
clathrates. The N11, N12, and N14 systems crystallize in the C2/c space group, N16 in
P21/c, whereas N18 in P2:/n. In the asymmetric part of N11, N12 and N14 structures, one
amine—methanol pair is present alongside to urea molecules. Undecylamine and
dodecylamine molecules occupy two alternative positions. In clathrates N16 and N18,
two amine—methanol pairs are present and no disorder is observed in these systems. The
channels formed in all obtained structures are chiral.
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The title compound (Fig. 1) comprises two structural fragments: one is the well-
known biologically active 2-azabicycloalkane moiety [1], while the other is less explored
and has been described in only a few patents [2,3]. This compound can be classified as a
dipharmacophore molecule, making it a promising candidate in the context of biological
activity. This dual pharmacophore nature underpins the significance and interest in the
compound. It was obtained serendipitously during investigations into a recently
developed guanylation method [4], which employs > as a desulfurizing agent.
Spectroscopic analyses, including MS or NMR, confirmed the formation of two products:
guanidine and the corresponding S-(n-butylamine)thiourea. However, only the latter was
successfully crystallized.

/LHN

N~ “Ph / CF,

N=—
HN

CF3 = F3 _’

Fig. 1. The scheme and molecular structure of the title compound.

The compound crystallizes in the Sohncke space group P212:2;, indicating the
presence of a single enantiomer in the crystal phase. The absolute configuration of the
asymmetric carbon atoms was determined using anomalous dispersion (Flack parameter
=-0.1(2)) and by reference to an unchanging chiral centre in the synthetic procedure of
the C8 atom. Atoms C2, C6, and C8 exhibit the S configuration, while C3 has the R
configuration.

X-ray diffraction analysis revealed that the molecules are arranged in chains
parallel to the a axis, and they are stabilized by C18-H18---S1 and N4-H4A---N3
hydrogen bonds.
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Fig. 2. The main structural motif in the crystal structure.
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CENTRO- I NIECENTROSYMETRYCZNA STRUKTURA
KRYSTALICZNA POCHODNEJ 1,2,4-TRIAZOLO-3-AMINY

Agata Bialonska, Amelia Stezalska

Wydziat Chemii, Uniwersytet Wroctawski, ul. F. Joliot-Curie 14, 50-383 Wroctaw

Podstawione 1,2,4-triazole ciesza si¢ duzym 1 rosngcym zainteresowaniem
w chemii koordynacyjnej. Zwigzane jest to mi¢dzy innymi z faktem, Zze moga tworzy¢
dyskretne lub polimeryczne zwigzki koordynacyjne jondow metali przejsciowych
z dwoma mostkujacymi blisko sgsiadujagcymi atomami azotu. Zasady Schiffa oparte na
1,2,4-triazolo-4-aminie wykazuja tendencje¢ do tworzenia dwurdzeniowych zwigzkoéw
koordynacyjnych miedzi(I) i srebra(I). W zaleznosci od anionu i budowy karbonylowego
substratu w syntezie zasady Schiffa, zwigzki koordynacyjne z powstatymi pochodnymi
1,2,4-triazolo-4-amin moga wykazywac¢ interesujagce wlasciwosci fizyko-chemiczne
[1,2]. Biorgc pod uwage wtasciwosci koordynacyjne 1,2,4-triazolo-3-aminy, ktora
miedzy innymi moze by¢ dwupolaczeniowym neutralnym ligandem lub
trojpolaczeniowym  (deprotonowanym) ligandem anionowym, naszg uwage
skierowaliSmy w kierunku syntezy pochodnych 1,2,4-triazolo-3-aminy i wykorzystanie
ich do syntezy zwigzkow koordynacyjnych [3].

Na posterze przedstawione beda struktury krystaliczne zasady Schiffa opartej na
1,2,4-triazolo-3-aminie (schemat). W zaleznosci od warunkow krystalizacji pochodna ta
tworzy rézne formy polimorficzne — centro- 1 niecentrosymetryczna.

Br

N2

N/KN

o
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Multidrug resistance (MDR) is a global problem in the treatment of various
diseases such as cancer, bacterial, fungal and parasitic infections. In the search for an
effective strategy to overcome antimicrobial resistance, a series of pyrimidinethione
derivatives was synthesized. Our previous studies [1-4] allowed to identify a series of
pyrimidineselonone/thione derivatives with very good antimicrobial and anticancer
activities, as well as with potency to inhibit the cancer MDR efflux pump ABCB1. As the
next step in our research, we modified the previously investigated active compounds by
changing the position of substitution in the aromatic rings.

In order to investigate structural properties of obtained compounds, we have
performed crystal structures analysis of 4-methyl-1-(2'-methylphenyl)-6-phenyl-2[/H]-
pyrimidinethione (1), 4-methyl-1-(2'-methoxyphenyl)-6-phenyl-2[ / H]-pyrimidinethione
(2) and 4-methyl-6-(4'-chlorophenyl)-1-phenyl-2[ / H]-pyrimidinethione (3).

Compound 1 crystallizes in the triclinic centrosymmetric space group with one
molecule in the asymmetric unit. Two other derivatives, 2 and 3, crystallize in the
monoclinic space group P21/c with two molecules in the asymmetric unit. The packing
of the molecules is determined by weak C-H--*N and C-H--'S intermolecular
interactions. We have analyzed the impact of substituent on the geometry of molecules
and intermolecular interactions.
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HIGH-PRESSURE INVESTIGATION OF COCRYSTAL BASED ON
4,4’-AZOPYRIDINE AND DIPHENIC ACID
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Cocrystal design is a well-established method to modify the physicochemical
properties of solid matter and is often employed in the pharmaceutical industry to obtain
crystal forms of active pharmaceutical ingredients (APIs) of improved solubility,
stability, and processability [1]. Our current understanding of heterosynthon formation
enables the intentional selection of coformers that can form a single crystal lattice [1].
However, predicting precisely how compositional modifications will affect the properties
of the resulting crystal form remains challenging [2]. Recently, it was shown that even
seemingly insignificant modifications to the composition of an organic cocrystal
exhibiting negative linear compressibility (NLC) — meaning it expands in one direction
under hydrostatic pressure [3] — can strongly affect its compressibility behaviour [4]. This
highlights the importance of investigating structurally related materials to better
understand the structure-property relationships governing their response to various
stimuli.

In this work, we present a novel cocrystal based on 4,4’-azopyridine (AZO) and
diphenic acid (DIP). In this cocrystal, molecules aggregate to form zig-zag chains, a motif
whose deformation can lead to NLC [5]. At ambient conditions, it is isostructural to a
cocrystal based on DIP and 1,2-bis(4-pyridyl)ethane (ETY). This ETY-DIP cocrystal is
also newly synthesized, and its high-pressure investigation has revealed interesting
conformational changes in ETY upon compression [6]. However, similar changes are not
possible in AZO-DIP due to the planar shape of the AZO molecule, which is expected to
influence the response of AZO-DIP to increasing pressure. We report the crystal structure
of AZO-DIP and its changes under compression. These results are compared with data
collected for the ETY-DIP cocrystal to analyse the effect of replacing one coformer on
the material's response to pressure.
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TUNING NEGATIVE LINEAR COMPRESSIBILITY IN
1,2-BIS-(4'-PYRIDYL)-ETHANE COCRYSTALS: A CASE STUDY

Ewa Patvk-Kazmierczak, Michal Kazmierczak

Faculty of Chemistry, Adam Mickiewicz Univeristy in Poznan,
ul. Uniwersytetu Poznanskiego 8, 61-614 Poznan

Negative linear compressibility (NLC) is an unusual response of the crystal to
increasing pressure, associated with its expansion in one direction [1]. The NLC materials
reported in the literature differ in the magnitude and pressure range of NLC. The most
significant pressure-induced expansion is usually observed for framework materials,
while NLC in organic crystals is typically weaker [2]. One of the mechanisms standing
behind NLC, is connected to deformation of specific motifs, such as a wine rack or a
honeycomb, that elongate in one direction as they flatten [2]. Still, the mere presence of
these motifs does not guarantee that the crystal will show NLC [3], and even if it is
exhibited, its magnitude and the pressure range are hard to predict.

The NLC in two organic crystals: isostructural cocrystals of 1,2-bis(4-
pyridyl)ethane (ETY), with fumaric (FUM) and succinic (SUC) acids, has been recently
reported [4,5], with ETYFUM showing NLC of a magnitude comparable to framework
materials (KnLc=-24 TPa™), persisting over a wide pressure range (0.1 MPa—-3.6 GPa)
[4]. At the same time, NLC in ETYSUC is significantly weaker (Kxic = -5 TPa™) [5],
even though at ambient conditions structures of both cocrystals are almost identical, with
molecules aggregated to form H-bonded wine rack motifs. It was revealed that large
change in the response of each cocrystal to pressure originates from a very subtle
difference concerning hybridization of a-carbon atoms and the number of a-hydrogen
atoms in molecules of FUM and SUC. Although, presence of two hydrogen atoms instead
of one at the a-carbon atoms can seem a small modification, it causes steric hindrance
leading to phase transition of the ETYSUC cocrystal above 2.9 GPa and changes the
manner of wine rack motif deformation, affecting the magnitude of NLC [5].

Presented results not only show that significant NLC can be achieved for organic
cocrystals, but also how cocrystallization and replacement of coformers can be used to
tune the pressure response of materials.

The funding from National Science Centre, Poland (grant No. UMO-
2020/39/D/ST4/00260) is kindly acknowledged.
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Amino acid salts are known for their nonlinear optical, pyroelectric, piezoelectric,
ferroelectric, and dielectric properties [1]. So far, the following crystals of amino acid
salts suitable for application are known with good properties: pyroelectric TGS [2] and
LADB [3], nonlinear optical LAP [4], as well as BPI [5]. Salicylic acid and its derivatives,
particularly 5-sulfosalicylic acid dihydrate (C7HsOsS-2H20 or SSA-2H»0), are known for
their anti-inflammatory activity [6].

Therefore, the search and study of salts of amino acids and SSA-2H>0 is of interest
both from the point of view of finding crystals with the above-mentioned properties, as
well as studying structural features and formation mechanisms.

This work refers to the growth and study of the L-NNA-SSA and L-Lys-2SSA-3H20 [7]
crystals, obtained by the interaction of amino acids (L-NNA — NG-Nitroarginine, L-Lys
— L-lysine) and SSA-2H>0 in a 1:2 molar ratio.

The crystals were analyzed and identified using FT-IR spectroscopy. In the
spectra, there are bands at 1738 cm™ for L-Lys-2SSA-3H,O and at 1744 cm™ for
L-NNA-SSA, according to which the L-lysine cation is double, and the L-nitroarginine
cation is mono-charged.

The crystal and molecular structure of the L-NNA-SSA and L-Lys:2SSA-3H,0
were determined by the single-crystal X-ray diffraction method at 295 K.

At room temperature, L-NNA-SSA crystallizes in the orthorhombic non-
centrosymmetric P21212; space group with Z = 8 and a = 13.261(4), b = 15.386(5),
c=17.832(5) A, and V' = 3638.33 A3. The asymmetric part of the unit cell contains two
crystallographically independent L-NNA* cations and two SSA~ anions.
L-Lys-2SSA-3H>O crystallizes in the polar monoclinic P2; space group with Z = 2 and
a = 6.884(3), b = 16.427(5), c = 11.970(4) A, p = 92.42(3)°, and V = 1352.4(8) A3. The
asymmetric unit consists of one crystallographically independent L-Lys** cation, two
SSA™ anions, and three water molecules.

First-principles calculations of electronic structure properties for L-NNA-SSA and
L-Lys-2SSA-3H>O were also performed using the projector augmented wave (PAW)
method by employing the exchange—correlation potential of Perdew-Burke-Ernzerhof
(PBEGGA) [8]. After structural optimization, the unit cell volume of L-NNA-SSA and
L-Lys:2SSA-3H,0 crystals show a reduction of approximately 6.24% and 6.65%,
respectively. Studying the partial density of states of these compounds, it is evident that
in both crystals the orbital electrons of oxygen (O) and nitrogen (N) atoms makes the
significant contribution just below the Fermi level, while above the Fermi level carbon
(C) atoms have the largest input to the total density of states. Moreover, these bands are
responsible of the formation of band-gaps of approximately 4.6 eV and 2.9 eV,
highlighting their dielectric properties.

66 Konwersatorium Krystalograficzne, Warsztaty
126 i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 25-27 VI 2025



A-43

This work is supported by the Ministry of Science and Education RA, project No. 24WS-1C022 and NAS
RA within the framework of the “Young Scientists” Support Program’’ No. 24-YSIP-030.

References

[1] M. Fleck, A.M. Petrosyan, Salts of amino acids: crystallization, structure and properties, Springer,
Dordrecht, 2014.

[2] B. T.Matthias, C. E. Miller, J. P. Remeika, J. Phys. Review, 104 (1956) 849-850.

[3] A. A. Danghyan, L. A. Khachatryan, R. A. Apreyan, S. A. Ter-Balyants, A. K. Atanesyan,
R. P. Sukiasyan, J. Cryst. Growth, 627 (2024) 127514.

[4] D. Xu, M. H. Jiang, Z. K. Tan, Acta Chim Sin, 41 (1983) 570-573. (In Chinese).

[5] J. Albers, A. Klopperpieper, H. J. Rother, S. Haussiihl, Ferroelectrics, 81 (1988) 27-30.

[6] H.T. Varghese, C. Y. Panicker, D. Philip, J. Raman Spectroscopy, 38(3) (2007) 309-315.

[7] R. Usha, N. Hema, V. Revathi Ambika, D. Shalini, D. Jayalakshmi, Asian J. of Chemistry, 30(2) 2018
343-350.

[8] J.P. Perdew, K. Burke, Y. Wang, Phys. Rev. B, 54 (1996) 16533-16539.

66 Konwersatorium Krystalograficzne, Warsztaty
i Sesja Sekcji Mtodych Krystalograféw PTKryst, Wroctaw 25-27 VI 2025 127



A-44

POLIMERYZACJA KATALITYCZNA POCHODNYCH
1-BROMO-2-FENYLOACETYLENU Z UZYCIEM SOLI PALLADU
JAKO KATALIZATOROW

Malwina Michalkow, Mateusz Janeta, Stawomir Szafert

Wydziat Chemii Uniwersytetu Wroclawskiego,
Fryderyka Joliot-Curie 14, 50-383 Wroctaw

Haloalkiny od lat cieszag si¢ nieslabngcym zainteresowaniem $rodowiska
naukowego. Zwiazki te sg interesujace ze wzgledu na ich aktywno$¢ biologiczng oraz
ogromny potencjal aplikacyjny zwigzany z nieliniowymi wlasciwo$ciami optycznymi
1 przewodnictwem elektrycznym [1]. Pierwsze badania nad poliacetylenem rozpoczeto
okoto po6t wieku temu i jak dotad dokonano szeregu ekscytujacych osiggnigé
w badaniach strukturalnych, jednak postep w praktycznych zastosowaniach
poliacetylenéw jest daleki od zadawalajacego [2]. W ostatnich latach polimery
dipodstawionych acetylenow lub poli(dipodstawionych acetylendw) znalazty si¢
w centrum zainteresowania ze wzgledu na wysoka przepuszczalno$¢ gazéw, unikalne
zachowanie elastomerow w skoniungowanych polimerach fluorescencyjnych oraz
lepszg stabilno$¢ termiczng 1 warunki zewngtrzne w poréwnaniu z ich
monopodstawionymi odpowiednikami [3]. Zastosowanie katalizatorow opartych na
metalach przej$ciowych przyczynito si¢ do opracowania kontrolowanych systemow
polimeryzacji, a w niektorych przypadkach nawet do uzyskania wgladu w mechanizm
polimeryzacji [4].

W trakcie prowadzonych badan, wykorzystujac pochodne 1-bromo-2-fenyloacetylenu
w reakcji katalitycznej polimeryzacji z wykorzystaniem soli palladu jaku katalizatorow
otrzymano seri¢ polimeréw (Rysunek 1). Dla 4-(bromoetynylo)benzonitrylu otrzymano
probke krystaliczng i zmierzono jej strukture krystaliczng.

PdCly(MeCN),

-
Y

n N—C \ / — Br —— N—UC \

n,
Br

Rys. 1. Schemat reakcji katalitycznej polimeryzacji pochodnych 1-bromo-2-fenyloacetylenow.
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HOW LIKELY RECRYSTALLIZATION SOLVENTS ARE TO
FORM SOLVATES?

Michal Kazmierczak, Ewa Patyk-Kazmierczak

Faculty of Chemistry, Adam Mickiewicz University, Poznan, Uniwersytetu
Poznanskiego 8, 61-614 Poznan, Poland

The use of solvents in recrystallization can result in the formation of solvates,
which may be either undesirable or desirable depending on the context. It is well known
that the crystallization protocol can significantly influence the resulting crystal form
[1-2]. Recrystallization using a single solvent or a solvent mixture is commonly employed
both to grow suitable single crystals for diffraction analysis and as a method of
purification [3]. Studies have shown that solvent choice can affect not only the size but
also the behavior of the resulting crystals [4-5], and variable-solvent crystallization is a
well-established strategy for discovering new polymorphs [3].

In this study, we datamined the Cambridge Structural Database for entries that
included information on the solvent used during crystallization (about s of all deposits).
Our goal was to analyze the frequency of solvent usage and correlate it with the incidence
of solvate formation [6].

44.12%
44.00%
41.94%
40.91%
2.01% HEXAMETHYLDISILOXANE [l
1.93% HEXANE
1.91% ETHYL ACETATE |l
1.68% HEXANES M
0.34% HYDROCHLORICACID |

Fig. 1. Recrystallization solvents most and least frequently incorporated in the final crystal.
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AND PRIMARY CRYSTAL ORIENTATION
OF SINGLE-CRYSTALLINE TURBINE BLADES
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*e-mail: jacek.krawczyk@us.edu.pl

The turbine engines used in aviation and aerospace are among the most complex
machines. Some engine components, such as turbine blades, operate at extremely high
temperatures of about 1600°C, close to the melting point of the material from which
they are made. The blades are cooled internally by air flowing through channels,
passages, and bores arranged throughout the volume of the blade to lower their
temperature during operation. Nowadays, turbine blades are most often manufactured in
single-crystalline form by nickel-based superalloys. The commercial CMSX-4®
superalloy is characterized by high mechanical strength, phase stability, and oxidation
resistance, especially at high temperatures. The abovementioned properties are only
kept if appropriate crystal orientation and lattice parameter homogeneity are achieved
during crystallization.

The study aimed to measure the distribution of the a, lattice parameter, as well
as the a and P angles defining the primary crystal orientation of the analyzed blades, and
to determine the relation between changes in this distribution.

The analyzed single-crystalline cored turbine blades made of CMSX-4®
superalloy were obtained by directional crystallization using the Bridgman technique.
The withdrawal rate was 3 mm/min. The primary dendrites formed during
crystallization grew along the preferred crystal orientation of [001] direction, which
should parallel the blade’s withdrawal direction and the vertical blade axis Z.

The lattice parameter ay of the y'-phase creating the single-crystalline alloy, and
the o and B angles were measured in the longitudinal section of the blades. The
distributions of the ay, o, and f were determined along the lines parallel to the vertical
blade axis Z using the Q-scan X-ray diffraction method and additionally by the Laue
diffraction at selected points. The dendritic structure was observed by SEM imaging.

It was found that in the areas where changes in the a angle of above 0.2°, and the
B angle of above 1° occurred, there were local changes in the a, lattice parameter
ranging from 0.002 A to 0.006 A. The range of local changes in the a, parameter and
the angular components of the primary crystal orientation of the blade regions was
related to the distance of the specific region from the CE and its proximity to the
cooling bores. The deviation angle between the [001] crystal direction and the blade
axis increased with increasing distance from the CE.
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W badaniach nowoczesnych materialow, w ktorych zmiany strukturalne rzedu
dziesiatych czeg$ci nanometra decydujg o funkcjonalnosci, kluczowe znaczenie ma dostep
do metod precyzyjnej analizy sieci krystalicznej. Jedng z najdoktadniejszych technik jest
rentgenowska metoda Bonda, umozliwiajagca wyznaczanie parametrow sieciowych
z doktadnos$cig Aa/a = 107°.

Metoda opiera si¢ na analizie kata dyfrakcji promieniowania rentgenowskiego
(najczescie] CuKau, A =0,154059292 nm) od wybranych ptaszczyzn krystalograficznych
w dwoch symetrycznych polozeniach probki. Umozliwia to eliminowanie blgdow
systematycznych 1 zwigksza powtarzalnos¢ pomiaréw. Kalibracja uktadu odbywa si¢
zazwyczaj przy uzyciu monokrysztalu krzemu, ktérego parametry sieciowe sg znane
z najwyzsza precyzja metrologiczng (a = 5,43102088 A w 22°C) [1]. Dzieki temu
mozliwe jest skalibrowanie calego toru pomiarowego i kontrola jego stabilno$ci w czasie.

Metoda Bonda zostata z powodzeniem wykorzystana w analizie monokrysztatow
o zaawansowanych wilasciwosciach funkcjonalnych. W badaniach niobianu strontowo—
barowego (SrxBai«Nb20s, SBN) [2] wykazata m.in.:

e zmiany parametrow sieciowych a i ¢ w funkcji skladu (x) z dopasowaniem
modelowym: a = —-0,241x> + 0,104x + 12,479 c=-0,147x + 4,022

e wyznaczenie temperatur przemiany fazowej ferro—paraelektrycznej dla réznych
sktadéw z doktadnos$cig £1 K oraz zaleznosci: Te = 559,2x2 — 996,7x + 738,55

e identyfikacj¢ charakteru przemiany fazowej — od typu trojkrytycznego
(ferroelektryk klasyczny) do relaksorowego modelu Isinga.

Z kolei w przypadku monokrysztatbw YVO. domieszkowanych neodymem,
pomiary metoda Bonda pozwolily uchwyci¢ subtelny wzrost parametréw sieciowych
spowodowany wiekszym promieniem jonowym Nd** (1,109 A) wzgledem Y3 (1,019 A)
[3]. Zarejestrowano zmiany Aa oraz Ac z dokladnoscig do 107 nm. Rownie precyzyjne
pomiary wykonano dla krysztatow GdCa:O(BOs); (GACOB) [4], gdzie dzigki metodzie
Bonda wykryto zaréwno efekt domieszkowania, jak 1 lokalne niejednorodnos$ci radialne
wewnatrz krysztatow.

Zapraszam do wspolpracy zespoly badawcze. Duze doswiadczenie w pomiarach
pozwala realizowa¢ nawet najbardziej wymagajace zadania strukturalne.
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BADANIA WZOROW Z PARKIETOW W ZAMKU KROLEWSKIM
W WARSZAWIE POD KATEM SYMETRII W UJECIU
KRYSTALOGRAFICZNYM
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30-387 Krakow

Poczatki Zamku Krolewskiego w Warszawie si¢gaja czasow panowania ksigcia
Bolestawa I (XIII/XIV w.). Najistotniejsze przebudowy miaty miejsce w wiekach XVI
1 XVII (w czasach Wazo6w) oraz w drugiej potowie XVIII w. (panowanie Stanistawa
Augusta Poniatowskiego). W pierwszych dniach II Wojny Swiatowej zamek zostat
zbombardowany, a jesienig 1944 r. wysadzony w powietrze przez wojska niemieckie.
Decyzja wiadz PRL o odbudowie zapadta dopiero w roku 1971 a od 1984 r.
odrestaurowane dzigki skladkom zbieranym w Polsce i za granica wngtrza zostaty
udostgpnione zwiedzajagcym. Prace rekonstrukcyjne trwajg do dzis [1].

Celem prezentowanych badan byfa analiza symetrii wybranych wzoréw
podiogowych typu parkiet (tapeta) i bordiura (fryz) w odrestaurowanych salach
w warszawskim Zamku Krélewskim (Rys. 1) przy uzyciu krystalograficznej teorii grup,
z uwzglednieniem symetrii chromatycznej (barwnej) [2,3].

Rys. 1. a) Sala Wielka, jedno z najbardziej rozpoznawalnych wnetrz Zamku Krolewskiego w Warszawie.
Dzisiaj odbywaja si¢ w niej uroczystosci panstwowe oraz koncerty; b) Fragment podtogi w Sali Wielkie;j.
Przedstawiony wzoér ma symetri¢ p4mm.
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Background incl. aims. In 2019 the University of Warsaw purchased and
installed one of the first cryo-EM microscopes in the country - the 200kV Glacios
equipped with a Falcon3EC camera and a phase plate solution. In the next few years the
Cryomicroscopy and Electron Diffraction Core Facility has been established and started
providing many local structural biologists and chemists with a direct access to this
groundbreaking and Noble-winning cryo-EM technology. To date, there have been only
two cryo-EM Core Facilities operating in Poland which provide services in all cryo-EM
modalities.

Methods This presentation shows the current possibilities of our Core Facility and
a range of services which are offered to our users. We follow the open-access policy and
welcome users from both national and international academic institutions as well as
industry.

Results Our recent developments include benchmarking the Single Particle
Analysis (SPA) reconstruction of GroEL with GroTAC peptide at the 2.45A resolution
level with local resolution reaching 2.2A (PDB: 8S32) and the 2.27A reconstruction of
the AbiK bacterial polymerase (PDB:7R06). The results are further enhanced with the
microcrystal electron diffraction (micro-ED) - additional functionality of the microscope
allowing for a rapid structure determination of small molecules and/or proteins based on
electron diffraction data. On top of that, we have recently completed a process of building
up a €0.5M-worth IT infrastructure support for the cryo-EM data storage (up to 2PB
dedicated storage space) and expanding on the data processing capabilities (utilising our
200 GPUbased computer cluster).

Conclusion We highlight the importance of smaller cryo-EM Core Facilities such
as ours to serve as a first point of contact for users, in particular for those who are new to
the cryo-EM field and would like to explore different possibilities of getting high quality
data prior to applying for the measurement time on high-end 300kV microscopes.
We also show that being able to offer all cryo-EM modalities in one instrument (SPA,
cryo-tomography and micro-ED) significantly boosts a research potential and opens up
new possibilities across many Life Science applications.
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Fig. 1. MicroED analysis of crystals from the surface of A. maritima leaves (the measured microcrystal,
an exemplary frame showing the diffraction signal, and the crystal packing of the compound): (a) sodium
chloride (halite), (b) sodium sulphate (thénardite), and (¢) calcium sulphate dihydrate (gypsum).

Literature

[1] D. Trzybinski et al., Molecules, 29(20) (2024) 4916.

[2] A.Kumar et al., Acta Crystallogr C Struct Chem, 80 (2024) 264-2717.
[3] M. Figiel et al., Nucleic Acids Res., 50(17) (2022) 10026—10040.

66 Konwersatorium Krystalograficzne, Warsztaty
134 i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 25-27 VI 2025



A-50

GDZIE KRYSTALOGRAFIA NIE MOZE, TAM EPR POSLE,
CZYLI WSPOLPRACA SPEKTROSKOPII EPR
I KRYSTALOGRAFII W BADANIU UKLADU RODNIKOWEGO

Monika Hryniuk, Maciej Witwicki

Wydziat Chemii, Uniwersytet Wroctawski, F. Joliot-Curie 14, 50-300 Wroctaw

Rodniki organiczne odgrywaja coraz wigkszg role jako materiaty funkcjonalne,
znajdujac swoje zastosowanie w diodach OLED [1], elastycznej elektronice [2] oraz
magnesach molekularnych [3]. Szczegdlnie pozadanymi ukitadami rodnikowymi sg
zwigzki mogace pehic role ligandéw. W badaniach nad nimi niezbedna jest znajomos¢
zarowno struktury krystalicznej zwigzku, jak i obecnych w nim oddziatywan migdzy
jadrami atomowymi a niesparowanym elektronem.

W wyniku przeprowadzonych syntez otrzymano trwalg rodnikowa pochodng
10H-fenoksazyny, wcze$niej nieopisang w literaturze. Zwiazek krystalizowat z etanolu
oraz metanolu, tworzac cienkie, granatowe krysztaty. Dzieki potaczeniu metody
dyfrakcji elektronowej oraz spektroskopii elektronowego rezonansu paramagnetycznego
(EPR) udato si¢ wustali¢ molekularng struktur¢ oraz lokalizacje niesparowanego
elektronu. Na podstawie badan krystalograficznych wykazano, Ze badany uktad
stanowig dwie czasteczki pochodnych 10H-fenoksazyny (1-hydroksy-2,4,6,8-tetra-tert-
butylo-10H-fenoksazyna oraz 2,4,6,8-tetra-tert-butylo-10H-fenoksazyna) (Rys. 1la),
potaczone ze sobg wigzaniem wodorowym. Otrzymang strukture przydzielono do grupy
I2/a. Analizujac otrzymane dane strukturalne oraz poréwnujac je z wartoSciami
literaturowymi dla fenoksazyny [4] oraz standardowymi wartosciami dla zwigzkow
organicznych [5], wywnioskowano, ze najbardziej prawdopodobne ulokowanie centrum
rodnikowego znajduje si¢ na atomie azotu.

Powyzszy wniosek udalo si¢ potwierdzi¢ poprzez pomiary widm EPR. Ich
symulacja wykazata, ze niesparowany elektron ulega oddzialywaniu nadsubtelnemu
z jadrami pieciu atomow (4 jadra wodoru i jedno jadro azotu) czasteczki 1-hydroksy-
2,4,6,8-tetra-tert-butylo-10H-fenoksazyny. Wraz z parametrem gis, = 2,0034 wskazato
to na centroazotowy charakter rodnika oraz na wysoka delokalizacj¢ niesparowanego
elektronu w uktadzie aromatycznym.

—Exp
Sim

—

348 349 350 351
b) magnetic field [mT]

Rys. 1. a) Uproszczona struktura uktadu, bez wodoréow. b) Widmo EPR uktadu rodnikowego.
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Przez swoja specyficzng budoweg zwiazek moze by¢ wykorzystany jako
potencjalny material funkcjonalny, np. jako ligand w kompleksach z metalami
d- 1 f-elektronowymi (blok budulcowy magnesow molekularnych) lub zwiagzek
luminescencyjny (znana cecha fenoksazyn [6]).

Lacze szczegbdlne podzigkowania dla dr hab. Agaty Biatonskiej, za rozwigzanie
1 udoktadnienie struktury krystalicznej otrzymanego uktadu.
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MIKROSTRUKTURA I KRYSTALOCHEMIA OLIWINOW
W WYBRANYCH BAZALTACH TEKTONICZNIE AKTYWNYCH
OBSZAROW EUROPY: IMPLIKACJE PETROGENETYCZNE

Milosz Huber!, Daniel M. Kaminski?

LUMCS, Instytut Nauk o Ziemi i Srodowiska, Al. Krasnicka 2d, 20-718 Lublin
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Oliwin jest mineralem skatotworczym, wystgpujacym w roznych skatach na
Ziemi 1 w Ukladzie Stonecznym. Jest to kluczowy reprezentant krzemianow
wyspowych (nesosilicates) o budowie trojwymiarowych polimerdéw tetraedrow SiOa
polaczonych mostkami kationowymi Mg**/Fe*". Jego struktura krystaliczna, zaliczana
jest do grupy przestrzennej Pbnm, opiera si¢ na heksagonalnym upakowaniu anionow
O, gdzie izolowane tetraedry krzemianowe tworza sztywny szkielet skoordynowany
z oktaedrami Mg?/Fe**.

Oliwiny krystalizuja w skatach niedosyconych krzemionka w klasie perydotytu
1 gabro-bazaltu. Wystepuja one takze powszechnie w plaszczu Ziemi, skad sa
transportowane w formie ksenolitow ku jej powierzchni przez aparat wulkaniczny.
Z tego wzgledu mineral ten moze wystgpowac jako fenokrysztal w réznych rodzajach
bazaltow. Znane sa bazalty tworzace si¢ nad plamami goraca, w strefach
nadsubdukcyjnych, w rozleglych wylewach bazaltowych oraz podrzgdnie w skatach
ultrazasadowych - alkalicznych, metamorficznych itp. Oliwin w tych skalach w trakcie
krystalizacji posiada liczne wrostki, domieszki oraz zbliZniaczenia, wynikajace
z dynamiki procesOw tworzenia si¢ tych skat.

Badane probki z Ladka Zdroju, Teneryfy 1 Etny ujawnily charakterystyczne
cechy krzemianéw wyspowych:
— obecno$¢ kanatéow strukturalnych wzdtuz krystalograficznej osi ¢, ograniczonych

scianami tetraedrow SiOa,

— kationowa polimeryzacja poprzez krawedziowe dzielenie oktaedrow Mg-O-Fe.

Spektroskopia FTIR wykazata charakterystyczne pasma 950-980 cm™
(rozcigganie asymetryczne Si-O) oraz ~550 cm™' (deformacja Mg/Fe-0),
potwierdzajace izolowany charakter tetraedrow.

Obecno$¢ domieszek Cr** (do 0.8 wt.%) w pozycjach oktaedrycznych wskazuje
na pochodzenie plaszczowe, podczas gdy nizsze stezenia Ni** (0.2-0.5 wt.%)
w probkach z Etny sugeruja udziat skorupowych fluidéw hydrotermalnych.
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KRYSTALOCHEMIA I WYSTEPOWANIE PEROWSKITU
I LOPARYTU W SKALACH ULTRAZASADOWYCH-
ALKALICZNYCH I KARBONATYTACH JAKO
POTENCJALNYCH RUD PIERWIASTKOW ZIEM RZADKICH
(REE)

Milosz Huber!, Urszula Maciolek?, Daniel M. Kaminski?
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Perowskit (CaTiOs) 1 toparyt ((Na,Ce,Ca)(Ti,Nb,Fe)Os) sa mineralami
tlenkowymi, ktére formuja si¢ gltéwnie w plaszczu Ziemi, a ich wystgpowanie
w skatach skorupy ziemskiej ogranicza si¢ do sekwencji ultrazasadowych-alkalicznych
oraz karbonatytow, gdzie krystalizuja jako fazy zar6wno pierwotne, jak i wtdrne. Ze
wzgledu na znaczace koncentracje pierwiastkow ziem rzadkich (REE) w ich
strukturach, mineraly te stanowig potencjalnie strategiczne zrodto tych cennych
SUrowcow.

W niniejszej pracy przedstawiono wyniki kompleksowych badan wybranych
probek perowskitu 1 toparytu pochodzacych z kluczowych lokalizacji wystgpowania
skatl alkalicznych i karbonatytéw: masywow Afrikanda, Kovdor, Lovozero, Oka oraz
Alno. Przeprowadzono szczegdlowe analizy optyczne z wykorzystaniem mikroskopii
petrograficznej, mikroobszarowe badania sktadu chemicznego (m.in. EPMA, LA-ICP-
MS) w celu okreslenia mikrostruktury i zmiennos$ci skladu. Ponadto zastosowano
zaawansowane analizy krystalochemiczne oparte o dyfrakcj¢ rentgenowska (XRD) oraz
spektroskopowe techniki (m.in. Raman, FTIR) w celu charakterystyki strukturalnej
1 identyfikacji obecnych domieszek.

Wyniki badan ujawnily zlozong krystalochemi¢ badanych mineralow,
charakteryzujaca si¢ wystepowaniem wielokrotnych zblizniaczeh oraz znacznymi
podstawieniami jonowymi. W strukturze perowskitu zaobserwowano substytucje
zudzialem niobu (Nb), strontu (Sr) 1 ceru (Ce). Perowskit krystalizuje w uktadzie
rombowym, w klasie symetrii dwupiramidalnej (2/m 2/m 2/m), z grupa przestrzenng
Pnma. Loparyt natomiast charakteryzuje si¢ symetrig heksoktaedryczng (4/m 3 2/m)
1 krystalizuje w grupie przestrzennej Pm 3 m.

Analizy wykazaty istnienie ograniczonej mieszalnosci i tworzenia roztworow
statych pomigdzy jonami Nb, Ti, Sr oraz innymi kationami w strukturach obu
mineratdéw. Obecnos¢ 1 proporcje tych substytucji sg silnie skorelowane z warunkami
petrogenetycznymi formowania si¢ skal macierzystych. Szczegdélowe Dbadania
krystalochemiczne 1 spektroskopowe dostarczyly kluczowych informacji na temat
mechanizmoéw inkorporacji REE do sieci krystalicznych perowskitu i toparytu, co ma
istotne znaczenie dla zrozumienia ich potencjatu jako zt6z strategicznych pierwiastkow.

Stowa kluczowe: perowskit, loparyt, skaty ultrazasadowe-alkaliczne, karbonatyty,
pierwiastki ziem rzadkich (REE), krystalochemia, mikroobszarowe analizy,
spektroskopia.
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THE ROLE OF XRPD IN PHARMACEUTICAL
AUTHENTICATION OF ILLEGAL AND FALSIFIED MEDICINES

Anna Mocarska, Karolina Piorunska, Marta Laszcz, Agata Blazewicz

Falsified Medicines and Medical Devices Department, National Medicines Institute,
30/34 Chetmska Street, 00-725 Warsaw, Poland

Falsified medicines pose a growing global threat, making their impact on public
health increasingly evident. This problem is not limited to incorrect doses, but also
covers harmful or undeclared substances, or even lacking the intended active
pharmaceutical ingredients (APIs). That can cause serious health consequences such
as severe allergic reactions, toxic organ damage or even death. These counterfeits
frequently imitate the appearance of original products, making visual distinction nearly
impossible. With falsified products infiltrating the market via illegal online pharmacies,
sex shops, bodybuilding shops, gyms, bazaars, unregulated sellers and unregistered
distribution channels, there is a need for robust analytical tools capable of accurately
identifying and differentiating between genuine and falsified pharmaceuticals.

The Polish Official Medicines Control Laboratory (OMCL) supports national
and international enforcement agencies, by engaging in forensic investigations,
identifying substandard and falsified pharmaceutical products. The investigations are
based on a multi-technique analytical approach, including liquid chromatography-mass
spectrometry (LC-MS), nuclear magnetic resonance (NMR), attenuated total
reflectance-Fourier transform infrared spectroscopy (ATR-FTIR) and X-ray powder
diffraction (XRPD). XRPD stands out as a non-destructive technique, requiring minimal
sample preparation, useful for characterizing the crystalline structure of pharmaceutical
substances. It can be applied for the identification of both APIs and excipients, and also
to distinguish between polymorphic forms, which is crucial as they differ in terms of
physicochemical properties, affecting the stability, bioavailability and distribution of the
API. Differences in polymorphic form can often be a key indicator of counterfeit
production, since authentic drug formulations are manufactured under strictly controlled
conditions that ensure the homogeneity and repeatability of their composition
and properties.

XRPD has proven to be a crucial tool in the combating falsified pharmaceuticals.
It has a great value in forensic context, where small amounts of samples are available,
allowing to preserve material for further analysis by complementary analytical
techniques such as IR, LC-MS or NMR. It provides rapid, non-invasive, and highly
specific information that supports regulatory authorities, contributing to enhanced drug
safety and consumer protection.
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3D ARCHITECTURE OF COBALT DOPED CERIUM OXIDE
HIERARCHICAL CATALYST

Piotr Wozniak

Instytut Niskich Temperatur i Badan Strukturalnych PAN, ul. Okodlna 2,
50-422 Wroctaw, Polska

Structural hierarchy refers to materials that consists of building blocks organized
into multi-scale structures [1]. Such materials show better transport properties, higher
thermal stability and increased availability of active sites compared to unstructured or
bulk counterparts. Hierarchical architecture of cerium oxide catalyst may be optimized at
selected hierarchy level to fit desired properties through either shape-selective synthesis,
doping, or changing thermolysis conditions [2]. While introduction of dopants may
improve catalytic activity, it may also greatly affect material architecture. Strict control
architecture at all hierarchy levels is not an easy task due to the interrelations of material-
related properties: grain size, pore size, morphology of building units.

In this study, TEM and SEM imaging, electron diffraction, electron tomography,
and crystallographic modelling were used to elucidate three-dimensional architecture of
hierarchical Cei.xCoxO2-x2 (x = 0; 0.03, 0.07) catalysts at mesoscale level. In particular,
formation of specific texture that relates to ordering of CeO» nanocrystals within
macroparticles of hierarchical catalyst — obtained after thermolysis of Ce1xCox(HCOO);
(x= 0; 0.03, 0.07) precursor — was ascribed to certain similarity between structural
elements of cerium formate (R3m) and cerium oxide (Fm3m). While similarity along
[001] (formate) and [110] (oxide) crystallographic directions is the reason for the ordering
of nanocrystals formed in thermolysis process, the areas of structural elements
dissimilarity is behind formation of channels for rapid diffusion of gaseous thermolysis
products. This effects in formation of highly porous macroparticles composed of
nanocrystals showing defined habit and preferential 3D spatial orientation (Fig. 1).

Introducing cobalt dopant changes architecture of hierarchical catalyst, and
specific texture is preserved up to 7% of dopant level.

e
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Fig. 1. CeOs hierarchical catalyst, (A) TEM image, (B) ET reconstruction, (C) model showing spatial
arrangement of CeO; nanocrystals.
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SEKCJA MLODYCH POLSKIEGO
TOWARZYSTWA KRYSTALOGRAFICZNEGO:
POLISH YOUNG CRYSTALLOGRAPHERS
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Sekcja Mtodych Polskiego Towarzystwa Krystalograficznego, znana takze pod
angielska nazwa Polish Young Crystallographers, jest sekcja tematyczng Towarzystwa
skupiajaca mtodych adeptéw dyscypliny. Powstata w 2022 1., a zatwierdzona w 2023 r.,
grupa wspiera studentow, doktorantow oraz postdokoéw przez budowanie relacji,
reprezentowanie interesOw 1 promocje krystalografii w spolecznosci akademickie;.
Sekcja realizuje statutowe cele przez prowadzenie corocznych Sesji Mlodych w ramach
Konwersatorium Krystalograficznego, comiesi¢cznego biuletynu, internetowego forum,
wyktadow dydaktycznych, a takze dziatalno$¢ w mediach spotecznosciowych.

Rys. 1. Kod QR prowadzacy na strong internetowg stanowiagcg ogdlnodostepng wizytowke oraz
prezentujaca biezace informacje na temat Sekcji Mlodych Polskiego Towarzystwa Krystalograficznego.

Cho¢ znaczna cz¢$¢ naszej dziatalnosci skupia si¢ wokot dydaktyki i promocii,
Sekcja Mtodych stanowi przede wszystkim $rodowisko wymiany zdan oraz pomystéw
dla nowych czlonkéw spotecznosci. Formalne dolaczenie do sekcji wymaga
cztonkostwa w Polskim Towarzystwie Krystalograficznym, niemniej spotkania i forum
otwarte sg dla wszystkich zainteresowanych. Wiecej informacji o Sekcji dostepne jest
na stronie internetowej https://www.sekcjamlodychptkryst.pl/, za§ kontakt z biezacym
zarzagdem mozliwy za posrednictwem adresu sekcjamlodychptkryst@gmail.com.
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THERMOSTRUCTURAL, OPTICAL AND ELECTRONIC
PROPERTIES OF Cazs[osNi2V3012 GARNET
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Vanadium based garnets form a group of materials that are a subject of interest
justified by their specific optical electric, magnetic, mechanical, catalytic and other
properties. Some of them can be used in the field of solid-state lighting — as phosphors
that do not contain rare earth elements [1]. Relatively low synthesis and sintering
temperatures (about 900°C) make them suitable for the technology of low-temperature
co-fired ceramics [2].

In the family of vanadium —containing garnets, studies aiming for development,
of tunable microwave dielectric properties have been reported [3,4]. The garnet-type
crystal structure is favorable for cation transport, which makes such materials promising
candidates for the role of solid electrolytes in Li-ion batteries [5].

The goal of the present research includes the investigation of the structure and
properties of Cazs[]osNi2V3O012 garnet. Namely, the earlier-unknown thermostructural
properties are studied (temperature variations of unit cell parameter and thermal
expansion coefficient). Moreover, selected optical and electrical properties are
determined. The obtained results extend the knowledge on thermostructural, optical and
electrical properties of garnet type materials.

The conventional solid-state method was used to prepare Cazs[losNi2V3O12).
Scanning electron microscopy revealed microstructure of the studied samples. The
grains are regular in shape but non-uniform in size (1+7 pm range). The room-
temperature lattice parameter value of the studied powder sample is 12.37049(3) A. The
temperature variations of lattice parameter (a), oxygen atom position, (X,y,z), and
thermal expansion coefficient (TEC) are determined in the 300 — 1200 K range. X-ray
diffraction results show that in the studied high temperature range, the lattice parameter
increases by about 1%. With increasing temperature, the distances and interbond angles
behave in a way demonstrating a reduction of lattice distortion.

The values of the linear thermal expansion coefficient vary from about 9 MK™ at
300 K to about 14 MK™ at 1200 K The TEC variation is comparable to those earlier
reported for chemically related garnets.

Based on the UV-VIS reflectance spectroscopy results, the value of the optical
band gap is found. The studied material belongs to the direct band-gap semiconductors.
A negative temperature coefficient of resistance was found for Cazs[]osNi2V3012,
confirming the behavior similar to the semiconductor materials. These data, as well as
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temperature behavior of luminescence, show that the Cas0osNi2V3O12 compound can
potentially be considered as photocatalyst.

The dielectric properties as well as and electrical conductivity and electrical
modulus of CazslosNi2V3012 garnet were systematically investigated. The AC
impedance data have been analyzed in relation to ionic conductivity, permittivity, and
loss tangent in the frequency range of 10"t + 10® Hz and in the temperature range from -
50°C to 250°C. CazsldosNi2V3012 garnet demonstrates the barrier hopping ionic
conductivity up to ~2x107 S cm™ at 250°C, low room temperature dielectric loss and
stability of the dielectric properties for temperature from -50°C to 100 °C.
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ENHANCEMENT OF THE ANTIFUNGAL ACTIVITY OF
MICONAZOLE THROUGH THE FORMATION OF MOLECULAR
SALTS WITH PYRAZINE, PYRIDAZINE AND PYRIMIDINE
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In recent decades, pharmaceutical cocrystals containing an active pharmaceutical
ingredient (API) have garnered significant attention from both chemists and pharmacists
due to their unique properties. Given that approximately 40% of marketed drugs exhibit
low aqueous solubility, there is a growing demand for strategies that enhance the
physicochemical characteristics of these compounds [1]. Good solubility is a key factor
for ensuring effective drug delivery and is closely linked to bioavailability,
biopharmaceutical classification, and bioequivalence. As a result, enhancing the
physicochemical properties of drugs without altering their chemical structure has become
a significant area of focus in recent years. One of the most efficient strategies for
increasing the solubility and bioavailability of poorly soluble drugs is salt formation [2].
This process largely depends on the acid-base interaction between the API and the
coformer. When the difference in their pKa values is sufficiently large (ApKa > 4), the
components can fully ionize and readily form salts [3].

The main object of this project is miconazole, which is an imidazole-based
antifungal drug that shows a broad spectrum of activity against various fungi, yeasts and
selected Gram-positive bacteria [4]. As part of our research, three molecular salts of
miconazole have been obtained, where selected heteroaromatic acids pyrazine, pyridazine
and pyrimidine derivatives are used as cocrystallizing substances. The new
multicomponent forms have been examined using X-ray single-crystal diffraction, and
solubility and biological studies will be performed.
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A NOVEL Na/Ag RISEDRONATE, SOLID SOLUTIONS:
A PROMISING THERAPEUTIC AGENT FOR BONE DISORDERS

Jakub Dabrowski, Karolina Gutmanska, Anna Dol¢ga

Department of Inorganic Chemistry, Faculty of Chemistry, Gdansk University of
Technology, Narutowicza 11/12, 80-233 Gdansk

Bisphosphonates represent a class of chemical compounds widely used in the
treatment of bone-related disorders, particularly as a last-line therapy in cases of cancer-
induced bone lesions, as supportive agents in palliative care, and in managing bone loss
associated with trauma or chronic diseases [1-3]. Among the three generations of
bisphosphonates, third-generation representative risedronic acid exhibits the highest
efficacy in inhibiting osteoclast activity and reducing bone resorption. The incorpora-
tion of Ag(l) ions into bisphosphonate structures significantly enhances their
antimicrobial potential [4]. The application of such materials in the form of bone
cements or plasters may reduce the risk of infections at implantation sites.

The presented silver(I) risedronate compound constitutes one of the few
documented examples of a solid-state solution in which silver ions partially substitute
sodium ions, while the fundamental crystal architecture characteristic of sodium
risedronate is preserved [4]. The presence of water molecules plays a crucial stabilizing
role by forming an extensive hydrogen-bonding network, which not only reinforces
structural stability but also improves the solubility of the compound in polar solvents,
thereby enhancing its applicability in biomaterials. Such materials offer a promising
platform for the development of advanced therapies targeting infectious and
degenerative bone diseases.

H8B W08

oe(
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Fig. 1. Molecular structure of the Na/Ag risedronate. The atomic labels are presented only for the
symmetrically independent part.
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NEW CRYSTAL FORMS OF TINIDAZOLE DRUG

Valeryia Hushcha'?, Lilianna Checinska!

I University of Lodz, Faculty of Chemistry, ul. Pomorska 163/165, 90-236 £6d?
2 University of Lodz Doctoral School of Exact and Natural Sciences,
ul. Narutowicza 68, 90-136 Lodz

Tinidazole (TNZ), a synthetic nitroimidazole, is an antiprotozoal agent that has
been widely used for over two decades, demonstrating established efficacy and acceptable
tolerability in the treatment of trichomoniasis, giardiasis, amebiasis, and amebic liver
abscess [1].

Tinidazole (CgH13N304S) is a structural derivative of metronidazole drug, in
which a 2-(hydroxyl)ethyl group of the 5-nitroimidazole backbone is replaced with
a 2-(ethylsulfonyl)ethyl moiety. It is a prodrug that is converted to its active form by
reduction of its nitro group to toxic radicals via the ferredoxin-mediated electron
transport. This reduction reaction causes a gradient for increased permeability of
tinidazole molecules to enter the cell resulting in increased toxicity and antimicrobial
activity [2]. However, the same nitro radical anion has neurotoxic side effects, particularly
with prolonged use. Thus, there is strong clinical need and market potential for a delivery
system that will deliver maximum amount of tinidazole in controlled manner [3]. One
approach to this challenge involves the development of new crystalline forms.

In this study, new polymorphic and solvatomorphic forms of tinidazole, namely
TNZ-triclinic and TNZ-hemihydrate, are reported. The most common form currently
known is TNZ-monoclinic (CSD, refcode CEPSIZ) [4]. A structural comparison of these
three crystal structures of TNZ is presented.
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ENHANCING THE PHYSICOCHEMICAL PROPERTIES OF
ANTIDEPRESSANT DRUGS THROUGH CUCURBITURIL
COMPLEXATION

Natasza Jakubik, Ewelina Zaorska, Maura Malinska

Faculty of Chemistry, Warsaw University, ul. Pasteura 1, 02-093 Warszawa

Cocrystallization is a powerful strategy for solid-state optimization, as it enables
the modulation of intermolecular interactions within the crystal structure, leading to
desirable physicochemical properties such as improved solubility, stability,
hygroscopicity, and melting point. Cocrystals are already widely used to tailor the
properties of materials in various industries, including pigments, fertilizers, explosives,
and, most importantly, pharmaceuticals [1]. Some marketed drugs are formulated as
cocrystals, which has enhanced their bioavailability or reduced their hygroscopicity [2].
One promising class of coformers for improving drug performance is cucurbiturils
(CB[n]), a family of macrocyclic compounds that exhibit low toxicity within therapeutic
dosage ranges [3]. Cucurbiturils are well known for their strong binding affinity to
cationic molecules, forming highly stable host-guest complexes with dissociation
constants as low as 107> M [4]. These properties make them attractive candidates for
drug delivery systems and molecular sensors [5].

In this project, I focus on the cocrystallization of commercially available tricyclic
antidepressants (TCAs) with cucurbiturils. So far, I have obtained four distinct cocrystals:
two involving Imipramine with CB[8] (one with a 1:2 host-guest ratio in the Pca2: space
group and another with a 1:3 ratio in the P2i/c space group) and two involving
Amitriptyline with CB[6] (one with a 1:1 ratio in the C2/c space group and another with
a 2:2 ratio in the R-3 space group). The presence of KI or ZnCl, was essential for
successful crystallization, even though these additives were not incorporated into the
crystal framework. The structures were determined using X-ray diffraction, providing
a foundation for further DFT energy calculations.

Our findings suggest that the cocrystallization process exhibits selectivity, with
Imipramine preferentially forming cocrystals with CB[8] and Amitriptyline with CB[6].
The interactions between TCAs and cucurbiturils involve ion-dipole interactions,
hydrogen bonding, and n-n stacking. Imipramine forms both inclusive and exclusive
complexes with CB[8] in cocrystals, with interaction energies of approximately -200
kJ/mol and -88 klJ/mol, respectively. In contrast, the Amitriptyline-CB[6] cocrystals
contain only exclusive complexes, with interaction energies around -110 kJ/mol.

This study highlights the potential of cucurbit[n]urils in enhancing the
physicochemical properties of TCA-based drugs. In my poster, I will present detailed
structural analysis, molecular packing arrangements, and an investigation into the factors
contributing to the observed selectivity in cocrystallization.
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Fig. 1. Observed complexes of Imipramine and CB[8] (left) and Amitriptyline and CB[6] (right).
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SUPRAMOLECULAR CHEMISTRY OF MORPHOLINE-
FUNCTIONALIZED ZINC PHTHALOCYANINE

Jan Janczak

Institute of Low Temperature and Structure Research, Polish Academy of Sciences,
Okdlna 2, 50-442 Wroctaw

Metallophthalocyanines continue to attract great interest due to their promising
photophysical properties, which make them interesting in various applications like as
dyes and pigments in the textile industry, semiconductor materials for solar cells and
optical storage, gas sensors, catalysts, photosensitizers for photodynamic therapy of
cancer [1,2]. Many of these uses of metallophthalocyanines, especially with metal(Il),
depend on their solubility in commonly used solvents. Metal(IT)phthalocyanines, M®™Pc,
due to the planar molecule, in the solid state form a stacking arrangement that is stabilized
by m---m interactions between the aromatic Pc macrorings. Axial functionalization of
planar metallophthalocyanines leads to a significant reduction of 7w interactions
between the Pc macroings due to the steric hindrance of the axial ligand, which results in
a significant increase in their solubility. Morpholine was chosen as a ligand for the axial
functionalization of ZnPc because: (I) morpholine has flexible N or O binding modes as
well as N,O-bridging mode with transition metal ions; (II) the morpholine environment
can form a buffer system that maintains the pH; (III) it is an organic solvent that can be
incorporated into crystal structures via hydrogen bonds to form solvates.

Direct reaction of ZnPc with morpholine during prolonged heating (two days) at
90°C leads to the formation of a morpholine-N-ligated ZnPc derivative (Fig. 1a), which
crystallizes in the centrosymmetric space group of the triclinic system as a morpholine
disolvate with four molecules per unit cell from the reaction solution when it is cooled to
ambient temperature.

Fig. 1. (a) Molecular structure of ZnPc(Morph) and (b) crystal packing of ZnPc(Morph)-2(Morph).
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The asymmetric unit contains two ZnPc(Morph)-2(Morph) molecules. Both
independent ZnPc(Morph) molecules exhibit similar conformation, in which the divalent
zinc ion is coordinated with the four isoindole nitrogen atoms of the phthalocyaninate(2-)
macrocycle, and in addition, with the nitrogen atom of morpholine molecule. Thus, the
coordination polyhedron of the zinc ion exhibits a slightly distorted square pyramid. The
Zn center of ZnPc that interacts with nitrogen atom of morpholine molecule causes its
displaced from the plane defined by the four isoindole nitrogen atoms of the
phthalocyaninate(2-) toward N atom of the morpholine molecule in both independent
ZnPc(Morph) molecules. The displacement of Zn center from the N(isoindole)s plane in
both molecules is almost the same (0.424(2) and 0.431(2) A). Since, the coordination of
the morpholine molecule to ZnPc causes a change in the dipole moment from 0 D for
ZnPc to 2.91 D in ZnPc(Morph) (as calculated by DFT) and changes its conformation
from planar to non-planar. This change causes a change in the crystal packing
arrangement in relation to the parent ZnPc. In the crystal, both ZnPc(Morph) molecules
of the asymmetric unit related by an inversion form a clathrate as shown in Fig. 1b.
Morpholine solvent molecules are positioned above and below the axially coordinated
morpholine in the ZnPc(Morph) complex, and weakly interact as donor and acceptor in
the N—H---N hydrogen bonds. Such arrangement of ZnPc(Morph)-2(Morph) molecules
in crystals leads to a reduction of n---w stacking interactions between Pc-rings compared
to the parent ZnPc, which results in a fivefold increase its solubility and an improvement
of its photophysical and photochemical properties compared to the parent ZnPc pigment.

The aggregation behavior of ZnPc(Morph)-2(Morph) molecules building crystals
in solutions was investigated by UV-Vis spectroscopy by varying their concentration
within the limits of the Beer-Lambert’s law (Figure 2). In order to support and verify the
experimental results, the DFT and time-dependent (TD) DFT calculations were also
performed and will be presented.
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Fig. 2. UV-Vis absorption spectra of ZnPc(Morph)-2(Morph) in morpholine (a) and (b) in
dichloromethane solutions at various concentrations (from 1 x 1073 to 2 x 10-mol/l).
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THE STRUCTURE AND CONFORMATION OF NOVEL
PHENOXYACETYLTHIOSEMICARBAZIDES WITH POTENTIAL
ANTICANCER ACTIVITY

Zbigniew Karczmarzyk!, Pawel Kozyra?, Waldemar Wysocki!, Monika Pitucha?

! Faculty of Science, University of Siedlce, 3 Maja 54, 08-110 Siedlce
? Independent Radiopharmacy Unit, Medical University of Lublin, Chodzki 4a,
20-093 Lublin, Poland

The thiosemicarbazide scaffold is a privileged structure in medicinal chemistry.
The introduction of a phenoxyacetyl group, which occurs in many currently used drugs,
is an interesting modification [1-3]. In our previous studies, we showed that
phenoxyacetyl derivatives with thiosemicarbazide chain exhibit a broad spectrum of
biological activity, including, among others, anticancer activity [4, 5]. As a continuation
of our study, here we report the synthesis and crystal and molecular structure of four new
phenoxyacetylthiosemicarbazides with the methyl group (Scheme 1; R = 2-CHj3, 2-Cl,
4-NOy, 4-F), which were obtained in the reaction of the isothiocyanate and various

substituents.
0]
N/ ~_ \CH3

" ol

Scheme 1

X-ray analysis was carried out for the investigated compounds in order to confirm
the synthetic route, the assumed their molecular structures, including the observed
tautomeric form in the crystalline state, and to examine the crystal structure for the
identification of intra- and intermolecular interactions. Moreover, the theoretical
calculations using DFT method were undertaken to investigate the conformational
preferences, energetic and, electronic parameters of searched derivatives.
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STRUKTURA SOLI RENIANU(VII) Z 1-ADAMANTYLAMINA

Monika K. Krawczyvk

Instytut Fizyki Doswiadczalnej, Uniwersytet Wroctawski, plac Maksa Borna 9,
50-204 Wroctaw

Poszukujac nowych zwigzkéw chemicznych wykazujacych przej$cia fazowe
oraz wilasciwos$ci ferroiczne podjeto badania nad solami renianow(VII) z aminami.
W literaturze znane sa polaczenia zawierajace jony nadrenianowe i kationy takich amin
jak pirydyna [1] czy chinuklidyna [2], ktore sg materiatami ferroicznymi.

Otrzymano w postaci krystalicznej nowa s6l renianu(VII) z 1-adamantylaming.
Stosujac technike DSC wykazano, ze badany zwigzek ulega odwracalnemu przej$ciu
fazowemu w temperaturze okolo 336/333 K (cykl ogrzewania i chlodzenia).
W temperaturze pokojowej sol krystalizuje w grupie przestrzennej Pbcn.
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Rys. 1. Struktura molekularna soli renianu(VII) z 1-adamantylaming w temperaturze 240 K.
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ANALIZA FIZYKO-CHEMICZNA TABLETEK
WYDRUKOWANYCH TECHNIKA SELEKTYWNEGO
SPIEKANIA LASEROWEGO

Magdalena Urbanowicz!, Marta Laszcz!, Karolina Piorunskal,
Patrycja Chmielewska!, Anna Mocarska!, Ewelina Baran2, Kulinowski Piotr?

I Narodowy Instytut Lekéw, ul. Chetmska 30/34, 00-725 Warszawa
2 Instytut Nauk Technicznych, Uniwersytet Pedagogiczny im. Komisji Edukacji
Narodowej w Krakowie, ul. Podchorgzych 2, 30-084 Krakow

Selektywne spiekanie laserowe (SLS) proszkéw jest jedng z wielu technik
wytwarzania przyrostowego, ktéra ma potencjat do wykorzystania w przemysle
farmaceutycznym m. in. do wydrukowania niestandardowych lekow na Zadanie
o spersonalizowanej dawce, dowolnym ksztalcie 1 rozmiarze oraz odpowiednie]
charakterystyce uwalniania [1].

W niniejszej pracy przedstawiono wyniki badah nad mozliwoscig wielokrotnego
wykorzystania proszkoéw przeznaczonych do druku 3D tabletek technikg SLS. Obiektem
badan byl kompozyt sktadajacy si¢ z poliamidu 12 (PA12) oraz metronidazolu (Met) —
substancji czynnej o wlasciwosciach pierwotniakobojczych oraz bakteriobdjczych wobec
drobnoustrojéw beztlenowych. Celem prowadzonych analiz bylo okreslenie wplywu
kolejnych cykli drukowania i ponownego wykorzystania proszku na jego wiasciwosci
fizyko-chemiczne, strukturalne oraz procesowe, w kontek$cie ograniczenia odpadow
generowanych w trakcie druku [2,3].

Do oceny materiatu zastosowano techniki analityczne takie jak: rentgenowska
dyfrakcja proszkowa (XRPD), spektroskopia w podczerwieni (FT-IR), réznicowa
kalorymetria skaningowa (DSC) oraz reologia proszkéw. Badaniom poddano zar6wno
materiat pierwotny, jak i proszki odzyskane po pierwszym, drugim, trzecim, czwartym
1 pigtym cyklu procesu SLS.

Uzyskane rezultaty wykazaly mozliwo$¢ pigciokrotnego uzycia tego samego
proszku bez istotnego pogorszenia jego wtasciwosci, co wskazuje na istotny potencjat
tego podejscia w  kontek$cie zroéwnowazonej produkcji  farmaceutycznej
z wykorzystaniem technologii addytywnych. Praca wpisuje si¢ w aktualne trendy
rozwoju materiatlow funkcjonalnych do druku 3D oraz optymalizacji procesow
produkcyjnych pod katem §rodowiskowym.
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ANALIZA SKEADU METODAMI PXRD & ICP-OES SWIEZEGO
1 ZUZYTEGO PREPARATU STALEGO, STOSOWANEGO JAKO
OGRZEWACZ CIALA W TURYSTYCE ZIMOWEJ

Andrzej Zarczynski, Marta Gaikowska, Dominika Jakubowska, Jakub Kubicki,
Waldemar Maniukiewicz, Wojciech M. Wolf, Malgorzata 1. Szynkowska-Jozwik

Politechnika Lodzka, Wydzial Chemiczny, Instytut Chemii Ogolnej i Ekologicznej,
ul. Zeromskiego 116, 90-543 L.odz

W turystyce zimowe] s3 stosowane stale ogrzewacze ciala, aktualnie
w wigkszosci bazujace na rozdrobnionym zelazie i jego zwigzkach lub na preparatach
zelowych. Ogrzewacze pierwsze] grupy bedace przedmiotem naszych badan, zwykle
maja forme fizelinowej saszetki przepuszczalnej dla powietrza i zawierajacej proszek
o wilasciwosciach egzotermicznych, bedacy najczgsciej mieszaning sproszkowanego
zelaza, wody, chlorku sodowego, wegla aktywnego i wermikulitu, a w niektorych
przypadkach ziemi okrzemkowej (diatomitu) [1-3]. Po otwarciu zewnetrznego
opakowania powietrze dyfunduje przez torebkeg, inicjujac egzotermiczng reakcje
utleniania. Z kolei woda 1 soOl przyspieszaja reakcje utleniania proszku zelaza,
a wermikulit i diatomit natomiast maja wlasciwosci izolacyjne, dzieki czemu zatrzymuja
ciepto 1 zapobiegaja szybkiemu rozpraszaniu go. Wegiel aktywny charakteryzuje si¢ duzg
powierzchnia wlasciwg oraz porowatg struktura, dzigki czemu pochtania i zatrzymuje
pare wodng powstajacg w procesie wytwarzania ciepta [3-5]. Tym samym zapewnia
odpowiedni poziom wody podczas calej reakcji chemicznej, a takze pochlania
nieprzyjemne zapachy.

Celem pracy bylo zbadanie sktadu fazowego i1 zawarto$ci metali w ogrzewaczu
chemicznym o nazwie handlowe; ,,Grzejki”, produkcji polskiej, $wiezym
1 uzytkowanym, przeznaczonym do lagodnego i wielogodzinnego ogrzewania ciata
w turystyce zimowej. Na rynku sg dostgpne takze ogrzewacze importowane,
w wigkszo$ci produkeji chinskiej. Ogrzewacze tej grupy stanowiag jednorazowe zrodio
ciepta o temperaturze roboczej w zakresie od 55 do 68°C w okresie ogrzewania: od 6 do
10 godzin [5].

Wykonano badania $rednich préb swiezych 1 zuzytych preparatow ,,Grzejki”,
wysuszonych w temperaturze 105°C bazujacych na zelazie i jego zwigzkach, m.in.
metoda rentgenowskiej dyfraktometrii proszkowej (PXRD) 1 atomowej spektrometrii
emisyjnej z plazma sprz¢zong indukcyjnie (ICP-OES). Do analiz skladu fazowego
stosowano dyfraktometr polikrystaliczny X'PERT PRO MPD firmy PANanalytical, ze
zrédlem promieniowania CuKa uzyskiwanego w wyniku monochromatyzacji promieni
X na filtrze niklowym. Ocen¢ sktadu fazowego badanych prob wykonano przy pomocy
programu X Pert High Score (ver. 4.9) oraz bazy standardéw proszkowych ICDD PDF2
(ver. 2020). Analizy zawartosci metali w dwoch probach swiezych 1 dwoch zuzytych
wykonano metoda atomowej spektrometrii emisyjnej z plazma sprz¢zong indukcyjnie
(ICP-OES), po uprzednim roztworzeniu ich w wodzie krolewskie;.

W ogrzewaczach $wiezych dominujacym sktadnikiem byto zZelazo — $rednio
(57,20%), natomiast w ogrzewaczach zuzytych srednia zawarto$¢ tego pierwiastka byla
nizsza (42,40%). Ponadto oznaczono zawartos$ci pierwiastkow kilku metali, m.in. glinu,
manganu, chromu, tytanu, wapnia, magnezu, sodu i1 potasu. W ogrzewaczach §wiezych
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stwierdzono fazy krystaliczne zelaza, mineraty - wermikulit, chlorek sodowy 1 wegiel,
natomiast w ogrzewaczach zuzytych dominowaty tlenki zelaza (Fe>Osz 1 Fe3O4) oraz
wegiel. Ogrzewacze zarowno $wieze jak 1 zuzyte wykazywaly wlasciwosci
ferromagnetyczne [5].

W zwigzku z tym, iz niemozliwa jest regeneracja zuzytych ogrzewaczy
zawierajacych zelazo, po ich zastosowaniu stajg si¢ one odpadem. Rozsypane wigksze
ilosci zawarto$ci saszetek potencjalnie moga powodowaé lokalne zanieczyszczenia
srodowiska. W zwigzku z tym nalezy rozwazy¢ opracowanie systemu zbierania
ogrzewaczy w miejscach sprzedazy, a takze rejonach szczegdlnie czestego stosowania,
np. w schroniskach gorskich czy na stokach narciarskich, poprzez umieszczenie
oznakowanych pojemnikdéw, co zapobiegnie zanieczyszczaniu nimi S$rodowiska
naturalnego.
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NEW ANTIVIRAL COMPOSITE BASED ON TEMPERATURE-
CONTROLLED SELF-ASSEMBLED SILVER(I) COORDINATION
POLYMERS

Sabina W. Jaros!, Julia Fiszer!, Chris H. J. Franco?, Barbara Bazanow?,
Alexander M. Kirillov2, Piotr Smolenski!

I Faculty of Chemistry, University of Wroctaw, F. Joliot-Curie 14, 50-383 Wroctaw,
Poland
2 MINDIab: Molecular Design & Innovation Laboratory, Centro de Quimica
Estrutural, Institute of Molecular Sciences, Departamento de Engenharia Quimica
Instituto Superior Tecnico, Universidade de Lisboa,Av. Rovisco Pais, 1049—001 Lisbon,
Portugal
3 University of Environmental and Life Sciences, Norwida 31, 50 -375 Wroctaw, Poland

Coordination polymers (CPs) and metal-organic frameworks (MOFs) are
important compounds known for their diverse and valuable properties, which make
them increasingly relevant in drug delivery, medicinal chemistry, and antimicrobial
materials [1]. Microorganism contamination, especially of viral origin, significantly
impacts daily life and public health. For instance, the herpes simplex virus type 1 (HSV-
1) affects nearly three-quarters of the population, either directly or indirectly [2]. In
another context, adenovirus 36 (Adv-36) has been identified as a potential factor in the
development of obesity [3,4]. These challenges highlight the importance of investing in
advanced materials that have the potential to improve therapeutic strategies and mitigate
the persistence of pathogenic microorganisms on surfaces.

Here, we present novel blended biopolymer composites based on flax seed
hydrogel and starch (FSH/ST), doped with silver(I)-based coordination polymers
(abbreviated as Ag@FSH/ST). The self-assembly of silver coordination polymers (Ag-
CPs) used as dopants, as well as the dimensionality of their structures (2D or 3D), can
be tuned by adjusting the reaction temperature. These Ag@FSH/ST composites
contribute to the expanding family of hybrid bioactive materials, offering promising
potential for topical antimicrobial applications.

Funding acknowledgment: SWJ gratefully acknowledges the financial support from
the National Science Center, Poland (Grant No. 2019/35/D/ST5/01155). AMK
acknowledges the FCT (UIDB/00100/2020, LA/P/0056/2020, UID/00100/2023).
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CRYSTAL STRUCTURE OF HETEROLEPTIC CADMIUM(II)
TRI-TERT-BUTOXYSILANETHIOLATE
WITH 2-AMINEPYRIDINE

Bartosz Ciesla, L ukasz Ponikiewski, Agnieszka Pladzyk

Department of Inorganic Chemistry, Faculty of Chemistry, Gdansk University
of Technology, ul. Narutowicza 11/12, 8§0-233 Gdansk

The growing interest in functional materials is encouraging researchers
to synthesize new compounds with desired properties. At this stage, understanding
the relationship between structure and properties is therefore crucial.

In our current research we are investigating the properties of cadmium
tri-tert-butoxysilanethiolates with aminepyridine derivatives as a continuation
of previous works concerning luminescent Cd silanethiolates containing pyridine ligands
[1-3]. The silanethiolate residue provides a large spatial hindrance,
thus enabling mononuclear compounds to be obtained [4].

Here we present one of the newly obtained compounds — [Cd{SSi(O7Bu)z]2(ap)]
(Fig 1.) and 1it’s crystallographic data along with spectroscopical details.
[Cd{SSi(OrBu)s]2(ap)] crystallizes in C2/c space group of monoclinic system.
In [Cd{SSi1(OrBu)3]2(ap)] Cd ions are coordinated by two tri-tert-butoxysilanethiolate
residues acting as S,O-chelating ligand and one 2-aminepyridine molecule bound
to the metal center through nitrogen atom of aromatic ring. Cd ion’s coordination sphere
represents intermediate geometry between ideal square pyramidal and trigonal
bipyramidal system. It is confirmed by the angles around Cd ion that fall within the range
from 71° for S—-Cd-O to 171° for O—Cd—O and the Addison’s parameter 75=0.5 [5].
Cd-S, Cd-O and Cd-N bond Ilengths are comparable to those observed
in previously obtained silanethiolates with CdS>O2N kernel [1-3].

Fig. 1. Molecular structure of [Cd{SSi(OfBu);}(ap)]. Thermal ellipsoids at 50%.

Acknowledgment: The research was supported by the “Excellence Initiative — Research University”
programs at Gdansk University of Technology SILICIUM SUPPORTING CORE R&D FACILITIES
DEC-2/2021/IDUB/V.6/Si (crystallographic measurements).
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NIETYPOWE ODDZIALYWANIE AUROFILOWE
W STRUKTURZE MIESZANO-WALENTNEGO KOMPLEKSU
Au(I)/Au(Ill) Z 4-CYJANOTIAZOLEM

Maciej Ejnik*, Lukasz Ponikiewski, Anna Dol¢ga

Katedra Chemii Nieorganicznej, Wydzial Chemiczny, Politechnika Gdanska
ul. Narutowicza 11/12, 80-233 Gdansk

*e-mail: s185339@student.pg.edu.pl

Wigzania aurofilowe po raz pierwszy opisano pod koniec lat 90. ubieglego
wieku. Od tego czasu zacze¢to wykorzystywacé takie oddzialywania do zwigkszania
wymiarowos$ci syntezowanych uktadow makromolekularnych, czy tez syntezowania
zwigzkow o pozadanych wiasciwosciach, np. luminescencyjnych [1,2]. Zazwyczaj
oddziatywanie aurofilowe obserwuje si¢ w uktadach Au(I)---Au(I), natomiast wigzanie
Au(l)---Au(III) okresla si¢ mianem ,,rzadkiego” [1-3].

W ramach badah nad zwigzkami kompleksowymi Au(Ill) z izomerycznymi
cyjanotiazolami otrzymali$my kompleks o wzorze [AuL:] TAuCls] (L = 4-cyjano-tiazol).
Z wykorzystaniem wyznaczonej struktury krystalicznej przeprowadziliSmy obliczenia
kwantowo-mechaniczne celem szerszej analizy oddziatywan miedzyczasteczkowych
wystepujacych w otrzymanych krysztatach.

Rys. 1. Fragment nieskonczonej sieci krystalicznej stabilizowanej przez oddzialywania Au(I)---Au(III).

Otrzymany zwigzek krystalizuje w ukladzie jednosko$nym, w grupie
przestrzennej C2/m. Przez kazdy atom ztota przechodzi 0§ dwukrotna symetrii, przez co
w czeSci niezaleznej znajdujg si¢ potowa kompleksu liniowego [Aul,]" oraz polowa
anionu tetrachloroztocianowego [AuCl4]". Au(I) w kompleksie kationowym przyjmuje
idealng koordynacja liniowa, natomiast Au(Ill) w anionie tetrachloroztocianowym nie
wykazuje zadnych odchylen od geometrii plaskiej kwadratowe;.

W sieci krystalicznej kompleksu przedstawionego na Rys. 1 odleglosci Au(I)-
Au(Ill) wynosza 3,294 A (suma promieni van der Waalsa 3,32 A [3]), co mozna
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zinterpretowa¢ jako slabe oddziatywanie aurofilowe Au(l)---Au(Ill). W podobnych
uktadach zawierajacych liniowy kompleks Au(I) z anionem tetrachlorozlocianowym te
odlegtoéci wynosza odpowiednio 3,25 A [4], 3,341 A [3], oraz 3,42 A [5].

Badania zostaly dofinansowane w ramach grantu Radium 1/2/2024/IDUB/III.1a/Ra
,,Hydroliza nitryli katalizowana kompleksami zlota”.

Obliczenia  zostaly  wykonane z  wykorzystaniem komputeréw  Centrum
Informatycznego Trojmiejskiej Akademickiej Sieci Komputerowe;.
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STRUCTURAL DIVERSITY OF COPPER(I) COORDINATION
COMPOUNDS WITH HALOGENATED TRIAZOLE LIGANDS

Emilia Ganczar, Agata Bialonska

Department of Chemistry, University of Wroctaw, 14. F. Joliot-Curie,
50-383 Wroctaw, Poland

Compounds with the characteristic supramolecular structure of the host—guest
type are found in the area of continuous interest of the scientific world. Such compounds
are attractive in the context of their physico—chemical and structural properties that can
be properly designed and modified [1]. Triazole ligands are widely used in coordination
chemistry [2], although coordination compounds of copper(I) with triazole ligands are
not widely known in the literature. It was previously reported that copper in its first
oxidative state with a monohalogenated Shiff bases based on triazole creates X-shaped
binuclear cationic units that self-assemble in a way that allows the creation of
characteristic 1D channels occupied by anions and solvent molecules [3-4]. These crystals
exhibit structural flexibility during desolvation, as a result of which the host framework
(X-shaped cationic units) is reorganized and the channels are closed. Knowing and
understanding all possible structural (packing) motifs in the related crystalline systems is
crucial to understanding supramolecular preferences, which is the foundation for
designing new solids with tailor-made properties.

Herein, we report crystal structures of copper(I) coordination compounds with
dihalogenated triazole ligands N-(2-fluoro-4-bromobenzylidene)-4H-1,2,4-triazol-4-
amine (4Br2FPhatrz) and N-(2,4-dichlorobenzylidene)-4H-1,2,4-triazol-4-amine
(24dCl1Phatrz) (Rys. 1). Depending on the ligand and the type of an anion, it is possible
to obtain a discrete system with characteristic one-dimensional channels and/or one-
dimensional coordination polymers.

Br Cl

; F ; Cl
'Tl/ 'Tl/
N N

Wi Wi

N—-N N—N

Rys. 1. N-(2-fluoro-4-bromobenzylidene)-4H-1,2,4-triazol-4-amine, (4Br2FPhatrz) and N-(2,4-dichloro-
benzylidene)-4H-1,2,4-triazol-4-amine, (24dClPhatrz).
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NOWE LIGANDY AMINOKARBOKSYLOWE

Andrzej Kochel

Uniwersytet Wroctawski, Wydziat Chemii, ul. F. Joliot-Curie 14, Wroctaw

Obrazowanie magnetyczno-rezonansowe (MRI) jest jedng z podstawowych
technik stosowanych w badaniach klinicznych. Szczegdlng zaletg jest bezinwazyjnos¢.
Stosowana jest u kobiet w cigzy i matych dzieci. Wysoka rozdzielczos¢ pozwala na
uzyskanie szczegdtowych obrazow przekrojow roznych narzadéw oraz tkanek. Uzywa
si¢ srodkow kontrastowych, zwanych dzigki czemu uzyskuje si¢ obrazy lepszej jakosci,
a to pozwala na wykrycie choréb we wczesnych stadiach. Obecnie prawie 50 % badan
wykonuje si¢ z uzyciem srodkéw kontrastowych. Stad poszukuje si¢ nowych ligandéw 1
polaczen metaloorganicznych w kierunku jeszcze bardziej inteligentnych kontrastow co
jest dobra motywacja do prowadzenia tego typu badan.

Ligandy aminokarboksylowe uzywane si¢ bardzo czg¢sto do otrzymywania
polaczen z wybranymi metalami, a dalej jako znaczniki w metodach obrazowania stad
tez otrzymane ligandy moga mie¢ zastosowanie jako prekursory do otrzymywania
takich potaczen. W projekcie planuje si¢ otrzymanie potagczen z metalami
przej$ciowymi w celu potencjalnych znacznikéw uzywanych w MRIL

Badania zostaty sfinansowane w ramach grantu BPIDUB.17.2025.
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SYNTHESIS OF HETEROMETALLIC RARE-EARTH
COMPLEXES USING HOMOMETALLIC ZINC PRECURSORS

Adrian Kowalinski, Rafal Petrus

Faculty of Chemistry, Wroctaw University of Science and Technology,
Smoluchowskiego 23, 50-370 Wroctaw, Poland

Over the last three decades, heterometallic 3d—4f complexes have attracted much
attention because of their structural diversity, luminescence, and magnetic or adsorptive
properties. Their multiple adjacent metal sites together with their unique electronic and
structural features offer the promise of catalytic performance. These systems enable
cooperative effects between the 3d and 4f metal centers, which can enhance reactivity
and selectivity in catalytic applications. Additionally, tunable coordination
environments of heterometallic complexes provide a versatile platform for designing
catalysts tailored to specific chemical transformations [1-3].

Based on literature research we decided to develop a new method of
heterometallic complexes synthesis with the use of molecular precursors. In this study,
we used homometallic zinc clusters [Zn4(L)s], [Zna(u3-OMe)2(L)s] (HL = methyl
salicylate) as the molecular frameworks to incorporate rare earth metal ions between
Zn'"" atoms [4]. This was achieved through a direct reaction of those precursors with
RECI; (RE™ =Y, Ho, Er) at a Zn":RE™ ratio of 2:1 in THF/MeOH mixture, as shown
in Figure 1. In both reactions, ligand exchange between RECI3 and Zn(L): or
Zn(OMe)(L) led to the formation of RE(L)s; and ClZn(X) (for X = OMe, L, OH, Cl)
species. The results indicated that the structures of the heterometallic compounds
formed correlate with the structures of the precursors used.

~
2 RECl, _on

sz 0>zin\_/\j >z:n/\o . THF, MeOH bo 3 \)

[REZny(L)4Cl3(H20)]

CO [Zna(L)s] |
4x + 4 ZnEty —— Cl
oH -EtH RE =Y, Ho, Er c' O\Zn/

P % eY

(0]
\
<Z %0 | THF, MeOH _ g/ Zn <(|) _2RECK _ < \\ //H\\ // >
H

OH T x=15 <4 //\\H//\\

Zn \Zn/O THF, MeOH
Hsal-Me / | N \0) /
0 /u /\J

[Zn4(p3-OMe)z(L)6]

[RE22n4(u3 OH),(u-OMe),(L)¢Cly]

Fig. 1. Synthesis of [REZny(L)4Cl3(H20)], [RE2Zn4(u3-OH)2(n-OMe)2(L)6Cly] (RE =Y, Ho, Er)
complexes with the use of zinc molecular precursors.
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The reaction of [Zn4(L)s] with 2 equiv of RECl; in THF/MeOH resulted in the
formation of trinuclear compounds [REZny(sal-Me)sCI3(H20)] (RE =Y (56.9%), Ho
(71.9%) Er (50.0%)), where the central RE™! ion is coordinated by four chelating methyl
salicylate ligands and is positioned between two Zn'' ions (Figure 2a). During this
reaction, disaggregation occurs, and Cl" from RECIl; migrates to Zn", forming terminal
chlorozinc species. When RECI3 was reacted with [Zna(p3-OMe)2(L)s] in a THF/MeOH
mixture, hexanuclear compounds [RE2Zn4(p3-OH)2(pn-OMe)z(sal-Me)sCl4]
(RE =Y (79.9%), Ho (84.9%), Er (81.73%)) were formed (Figure 2b). Those
compounds contain, in addition to, six methyl salicylate and two methoxy ligands, four
CI" and two HO™ groups. The presence of two n3-OH bridges is caused by the hydrolysis
of RE-CI species during heating.

a) b)
Fig. 2. Structures of [YZn»(L)4+Cl3(H20)] (a), and [Y2Zna(p3-OH)2(n-OMe)2(L)sCls] (b) complexes.

Well-defined complexes were investigated as initiators in the ring-opening
polymerization of macrocyclic lactones: w®-pentadecanolide (PDL) and o-
hexadecanolide (HDL). The obtained low molecular weight polypentadecanolides
(PPDLs) and polyhexadecanolides (PHDLs) were investigated as modifying agents for
commercial polylactide (PLLA) resin and used to prepare PLLA/PPDL or PLLA/PHDL
blends.
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IMPACT OF LIGAND SUBSTITUTION IN
2-FLUOROETHYLAMMONIUM CADMIUM CHLOROBROMIDE

Dorota A. Kowalska!, Maciej Ptak!, Szymon Smélka'!, Mariusz Stefanski!,
Julia Osmolska', Damian Szymanski', Adam Sieradzki?

! Institute of Low Temperature and Structure Research, Polish Academy of Sciences,
Okolna 2, 50-422 Wroctaw, Poland
? Department of Experimental Physics, Wroctaw University of Science and Technology,
Wybrzeze Wyspianskiego 27, 50-370, Wroctaw, Poland

Phase transitions (PTs) in layered cadmium halides containing halogenated
organic cations are largely driven by cation ordering, accompanied by distortions within
the inorganic octahedral framework. However, the underlying mechanisms of these PTs,
including the influence of intermolecular interactions and cation dynamics, remain not
fully understood. The influence of halide ligand substitution on the structural, thermal,
and spectroscopic properties of hybrid crystals based on 2-fluoroethylammonium
(FEA™) cations: in the previously described [1] (FEA)CdCls (1) and in a newly
synthesized mixed-halide analogue (FEA)>Cd[Bro.esCloss]s (2), is studied [2]. X-ray
diffraction studies and infrared spectroscopy, complemented by thermal measurements,
are employed to explore changes in hydrogen bonding networks (Fig. 1), phonon
behavior, and order—disorder phenomena.

In 2, the partial substitution of CI~ by Br~ results in significant alternations in the
structural and dynamic response of the material. The presence of highly polar yet
weakly polarizable C—F bonds strengthen dipole interactions, impose steric constraints,
and affects organic cation mobility, factors that collectively influence the material’s
phase behavior. Understanding these effects is crucial for explaining the entropy
changes observed during PTs and offers insights into tuning the functional properties of
hybrid halide systems through chemical modification.

Fig. 1. Hirshfeld surface of FEA* in 2 in the ordered LTP (left) and in the disordered HTP (right).
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SYNTEZA ORAZ ANALIZA STRUKTURY KRYSTALICZNEJ
FENYLOSILSESKWIOKSANU FUNKCJONALIZOWANEGO
GRUPA —C,TMS

Marta Kubiak, Mateusz Janeta, Stawomir Szafert

Wydziat Chemii Uniwersytetu Wroctawskiego
Fryderyka Joliot-Curie 14, 50-383 Wroctaw

Poliedryczne oligomeryczne silseskwioksany (POSS) to materiaty hybrydowe,
sktadajace si¢ z nieorganicznego rdzenia zbudowanego z atomow krzemu 1 tlenu o wzorze
empirycznym (RSiOu.5), (gdzie R = H, alkan, alken lub aryl; n = 6, 8, 10, 12), a takze
organicznych grup bocznych R. Dzigki trwalym wigzaniom Si—O-Si zwigzki te
charakteryzuja si¢ wysoka odpornos$cia chemiczng i termiczng [1,2].

Interesujacg strukturg, ktorag mozna wykorzysta¢ w konstrukcji materialow
funkcjonalnych, jest p-oktajodofenylosilseskwioksan (OPS-J), o wzorze ogoélnym
[p-ICsH4SiO15]s. Ze wzgledu na wysoka trojwymiarowag symetri¢ 1 sztywnosc,
p-oktajodofenylosilseskwioksan znalazt zastosowanie jako oktafunkcjonalizowany
budulec startowy w reakcjach sprzegania, m.in. Hecka, Sonogashiry oraz Suzukiego
[3.4].

Badania nad zwigzkami zawierajagcymi ugrupowanie acetylenowe oraz klatke
POSS doprowadzity do otrzymania pochodnej POSS zawierajacej w pozycji para
ugrupowanie -C;TMS. OPS-C2-TMS otrzymano w reakcji sprzggania Sonogashiry
(Rys. 1a). Uzyskanie monokrysztalu tego zwigzku pozwolito na przeprowadzenie
szczegdtowej analizy jego struktury krystalicznej (Rys. 1b).
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Rys. 1. Schemat syntezy (a) oraz struktura molekularna (b) zwigzku OPS-C2-TMS.
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STRUKTURA KRYSTALICZNA DWURDZENIOWEGO
KOMPLEKSU MIEDZI Z HEMIAMINALEM

Anna Kwiecien!, Anna Pyra?

! Katedra i Zaktad Podstaw Nauk Chemicznych, Wydzial Farmaceutyczny,
Uniwersytet Medyczny we Wroctawiu, ul. Borowska 211a, 50-556 Wroctaw
2 Wydziat Chemii Uniwersytetu Wroctawskiego, ul. F. Joliot-Curie 14, 50-383 Wroctaw

Zwiazki koordynacyjne miedzi z hemiaminalami stanowig ciekawg grupe
materialdw funkcjonalnych ze wzgledu na dwa glowne powody. Po pierwsze,
z chemicznego punktu widzenia, utworzenie wigzania koordynacyjnego jest jednym
z czynnikow stabilizujacych sam hemiaminal, ktéry ogdlnie jest uznawany za nietrwaty
produkt posredni w reakcji otrzymywania zasad Schiffa [1,2]. Po drugie,
z farmakologicznego punktu widzenia, zwigzki kompleksowe miedzi ogolnie,
a w szczegolnosci z ligandami iminowymi, wykazuja szerokie spektrum aktywnosci
biologicznej [3-5].

Tytulowy dwurdzeniowy zwigzek kompleksowy miedzi(Il) 3nb2a4mpCu,
w ktorym centralny kation miedzi potaczony jest z anionem hemiaminalanowym,
[(4-metylopirydyn-2-ylo)amino](3-nitrofenylo)metanolanem (3nb2a4mp), wolng aming
(2a4mp) oraz jonami chlorkowymi (Rys.1.) otrzymano w trdjsktadnikowej reakcji one
pot z 3-nitrobenzaldehydu (3nb), 2-amino-4-metylopirydyny (2a4mp) oraz chlorku
miedzi(I) w metanolu, z dodatkiem tributyloaminy, w stosunku stechiometrycznym
odpowiednio 1:2:1:1.

Krysztaly odpowiednie do badan strukturalnych otrzymano poprzez powolne
odparowanie metanolu.
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Rys. 1. Struktura krystaliczna dwurdzeniowego kompleksu miedzi(IT) 3nb2a4mpCu z anionem
hemiaminalanowym, (3nb2a4mp), wolng aming (2a4mp) oraz jonami chlorkowymi; (a) czg$¢ niezalezna
komérki elementarnej, elipsoidy drgan termicznych dla atoméw niewodorowych narysowane sa z 30%
prawdopodobienstwem; (b) struktura molekularna kompleksu, atomy wodoru pomini¢te dla lepszej
przejrzystosci.

Zwigzek 3nb2a4mpCu krystalizuje w ukladzie tetragonalnym, w typie grup
przestrzennych: I41/a, a = 22.0776(3) A, ¢ = 17.1398(3) A, V' =8354.3(3) A3, Z =1,
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T=10002) K, p. = 1486 gem™>, g = 2.917 mm, Gnin = 3.264°, Ghax = 72.841°,
Rint = 0.0384, Ry = 0.0490, wR, = 0.1249, GooF = 1.054.

Czasteczka zbudowana jest z dwoch centralnych kationéw miedzi(Il) o liczbie

koordynacyjnej 5, w ktoérej atomy donorowe tworza poliedr koordynacyjny zblizony
do piramidy tetragonalnej (Rys. 2.). Aniony chlorkowe znajduja si¢ w wierzchotkach
piramidy. Dwa atomy tlenu (O112 oraz 0112/, kod symetrii: (i) 1-x, 1-y, 1-z) z dwoch
skorelowanych operacja symetrii anionow 3nb2a4mp, tworzg mostek pomigedzy dwoma
kationami Cu?*, a krawedz O112-O112¢ jest wspolna dla dwoch centrosymetrycznych
piramid tetragonalnych. Sfere koordynacyjng kazdego kationu centralnego dopetniajg
atomy azotu pierscienia pirydynowego N21 z 3nb2a4mp oraz N31 z 2a4mp.

Rys. 2. Poliedry koordynacyjne wokot centralnych kationdw miedzi(Il), kod symetrii: (¢) 1-x, 1-y, 1-z.

Struktura krystaliczna otrzymanego zwigzku jest stabilizowana przez sie¢ wigzan

wodorowych typu N-H:--Cl oraz C-H---O.
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SYNTHESIS AND STRUCTURAL PECULIARITIES OF Cu(l)
CLORIDE COMPLEX WITH
1-METHYL-1-ALLYLPIPERIDINIUM

Alona Luba-Onufriichuk, Oleksii Pavlyuk

Ivan Franko National University of Lviv, Kyryla i Mefodiya 6, 79005 Lviv, Ukraine

Piperidine derivatives have long attracted the attention of researchers due to their
broad practical application in pharmaceuticals, agrochemicals, and materials science. On
the other hand, they are of growing interest in coordination chemistry because of their
potential to act as flexible ligands through nitrogen donor atoms. Incorporationing such
ligands into copper(I) coordination environments may yield unusual structural motifs due
to the d'° electron configuration of Cu(I), which supports diverse coordination geometries
and metallophilic interactions. Furthermore, Cu(I) compounds are actively studied for
their photophysical properties and relevance in catalysis and optoelectronic materials [1,2].

Continuing our research on the coordination behavior of heterocycles allyl
derivatives regarding the Cu(I) crystalline compound [(CsHioNCH3(C3Hs))3CusClii] (1)
was obtained under ac electrochemical technique conditions [3] from ethanol solution of
copper and 1-methyl-1-allylpiperidinium chlorides with copper wire during 2 days. The
diffraction data was collected on Gemini A diffractometer equipped with an Atlas CCD
detector, using graphite monochromated Mo—Ka radiation.

In the structure of [(CsH1o0NCH3(C3Hs))3CugCli1] copper atoms possess a distorted
tetrahedral coordination environment formed by chlorine atoms or distorted trigonal-planar
coordination environment from free chlorine atoms or two chlorine atoms and C=C bonds of
ligand allylic group. Due to chlorine bridging function metal coordination polyhedra
connected to chine-like {CusCl;1(CsHioNCH3(CsHs)))2} topological units (Fig. 1).

One of the three crystallographically independent methylallylpiperidinium cations
remains uncoordinated with the metal atoms and is located in the cavities of the crystal
lattice, additionally anchored by hydrogen bonds.
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Fig. 1. Organic-inorganic topological units{CusCl;1(CsHioNCH3(C3Hs)),} in 1.
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HETEROMETALLIC ALKALI METAL —
MAGNESIUM/ZINC/CALCIUM ARYLOXIDES BASED ON
DOUBLE-OPENED DICUBANE CORE STRUCTURE

Karolina Matuszak, Rafal Petrus

Wroclaw University of Science and Technology, Faculty of Chemistry,
23 Smoluchowskiego, 50-370 Wroctaw

The development of catalytic transformations based on earth-abundant, non-toxic,
and inexpensive early main-group metals is essential for establishing sustainable
alternatives to transition-metal-based catalysis. Recently, heterometallic cooperativity
involving s-block elements has attracted growing interest, as such compounds often
demonstrate enhanced catalytic activity and selectivity compared to their homometallic
counterparts. An example of such systems are heterometallic magnesium—alkali-metal
aryloxides [Mg>M"2(sal-Me)s] (M' = Li(1), Na(2) or K(3); Hsal-Me = methyl salicylate),
which were used as efficient catalysts for chemical recycling of high consistency silicone
rubber into liquid alkoxysiloxane derivatives R(OSiMe»),OR (for n = 1, 2, 3, 4) by
solvothermal alcoholysis reaction. Aryloxides 2 and 3 also demonstrated valuable
synergic effects between Mg(Il) and Na(I)/K(I) ions in the ring opening polymerization
of L-lactide, where their catalytic activity was much better than that of the corresponding
homometallic aryloxides. Within the group of isostructural, zinc-alkali metal derivatives
[ZnoM"(sal-Me)s(THF)x] (M' = Li(4), Na(5), K(6); x = 0, 2), 5 and 6 showed high
catalytic activity in the synthesis of methyl 15-hydroxypentadecanoate by metanolysis of
pentadecanolide. The same catalysts together with [CazLi2(sal-Me)s(THF):] (7), exhibited
the high catalytic activity in the methanolysis of nylon-6 at 220 °C.

The aim of this work was a structural analysis of heterometallic alkali metal
magnesium/zinc/calcium aryloxides. Compounds 1-9 are centrosymmetric tetranuclear
clusters based on a double-opened dicubane core structure with two missing vertices. The
metal ions in 1-9 are held together by four p- and two p3-Oaryloxo) bridges. The vertices of the
common face of the central core in 1, 4, and 7-9 are occupied by M?" ions, and the external
vertices are M ions. For compounds 2-3 and 5-6 the reverse arrangements of the metal
centers in the tetranuclear units are observed with peripheral M?* ions, and M'* ions occupy
the vertices of the common face (Scheme 1).
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M = Mg(1), Zn(4)

M’ = Li M' = Na(5), K(6)
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Scheme 1. Structures of [Mg,Lix(sal-Me)s] (1), [MgaNax(sal-Me)s(THF)4] (2), [Mg2Ks(sal-Me)s(THF)4]
(3), [Zn;Lix(sal-Me)s] (4), [ZnaNay(sal-Me)s(THF)2] (5), [Zn:Kai(sal-Me)s(THF),] (6), [CasLix(sal-
Me)s(THF)] (7), [CazNax(sal-Me)s(MeOH)4] (8), and [CaxKa(sal-Me)s(MeOH)4] (9).

The authors thank the Polish National Science Center for financial support, grant number
2023/49/B/ST4/04068.
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CONFORMATIONAL DIVERSITY OF A CHIRAL [3+3] AMINE
MACROCYCLE IN ITS COORDINATION COMPOUNDS

Karol Wydra, Katarzyna Slepokura, Janusz Gregolinski, Jerzy Lisowski

University of Wroctaw, Department of Chemistry, 14 F. Joliot-Curie, 50-300 Wroctaw

The homochiral [3+3] macrocycle H3L is composed of three phenolic units and
three trans-1,2-diaminocyclohexane fragments. Due to the presence of six flexible
methyleneamine bridges, the macrocycle can adopt a variety of different conformations
upon coordination with metal ion(s). This is reflected in the 50 X-ray crystal structures of
coordination compounds of the macrocycle HiL deposited in the CSD database.
Comparison of all the structures enabled us to distinguish 8 representative sets of
conformations of the macrocycle. To characterize the structural differences between these
conformation types, we analysed the six C—C-N—C torsion angles and the absolute
configurations of the coordinated amine nitrogen atoms. Interestingly, when given
enantiomer of ligand L*" accommodates three metal ions in its core, the macrocycle
adopts two different conformations of opposite helicity, depending on whether lanthanide
or d-block metal ions are incorporated. In the case of trinuclear lanthanide complexes, the
L* expands and flattens its structure in order to match the size of the larger metal ions.

(

<:><NH OH HNw»
*, Mn+

. Y

Superimposition of ligand conformations
in formed metal complexes

(P)-helically twisted conformation (M)-helically twisted conformation

Fig. 1. Top: Schematic representation of the complexation reactions between flexible macrocycle HsLX
and metal ions, leading to a family of complexes with various ligand conformations. Bottom: Comparison
of X-ray structures of complex cations [Zn'";L%]*" and [Dy"3(u-OH),L¥]*, showing opposite helicity
of the macrocycle (L®)*. H atoms were omitted for clarity.
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PHASE TRANSITIONS AND REVERSIBLE TERMOCHROMISM
IN HYBRID (BUTYLAMMONIUM);[Bil]

M. N. Rowinska', T. J. Bednarchuk!, J. K Zar¢ba?, A. Piecha-Bisiorek?, A. Gagor!

L'W. Trzebiatowski Institute of Low Temperature and Structure Research Polish
Academy of Science, Okolna 2, 50-422 Wroctaw, Poland
2 Institute of Advanced Materials, Faculty of Chemistry, Wroclaw University of Science
and Technology, Wybrzeze Wyspianskiego 27, 50- 370, Wroctaw, Poland
3 Faculty of Chemistry, University of Wroctaw, F. Joliot-Curie 14, 50-383 Wroclaw, Poland

Thermochromism is a temperature-dependent optical phenomenon characterized
by a reversible or irreversible color change upon heating or cooling. This effect typically
arises from structural or electronic transformations that modify molecular packing, band
structure, or conjugation pathways. Thermochromic behavior has been observed in
a broad spectrum of materials, including liquid crystals, leuco dyes, metal-organic
complexes, and coordination compounds, where temperature variations influence
intermolecular interactions, tautomeric equilibria, or crystal symmetry [1]. Owing to their
dynamic optical response, thermochromic materials may find applications in temperature
sensors, smart windows, thermal indicators, and rewritable optical devices [2-4].

A notable subclass of thermochromic compounds includes organic—inorganic
hybrid materials. In this work, we present a comprehensive crystallographic and
physicochemical investigation of (butylammonium);[Bils], a compound that exhibits
three temperature dependent polymorphs within the orthorhombic symmetry: Pnnm —
Pccn — P21212 accompanied by phase-transition (PT) induced color changes.

The first PT occurs at 253 K (cooling) / 273 K (heating) and it is associated with
the formation of a 2¢ supercell (phase II). This transformation is of first order, as indicated
by sharp DSC anomalies, notable temperature hysteresis, and a step-like change in lattice
volume (AV = 35 A3). The second transition, leading to the chiral phase III, involves the loss
of an inversion center (III i1s SHG-active). The observed group—subgroup relationship and
continues evolution of lattice parameters suggests a second-order character for this transition.

A pronounced color change from pale orange to deep green accompanies the first
transition, followed by a more gradual shift to yellow around the second, low-temperature
PT. This thermochromic response correlates with the systematic shortening of I---I
contacts between Bils octahedra across the polymorphs: from 4.399 A (295 K) to 4.172 A
(200 K) and 4.112 A (120 K). Temperature-dependent UV—vis spectroscopy reveals
substantial (40 nm) red-shift in absorption edge, while TGA measurements confirm
thermal stability up to 500 K, underscoring the potential of (butylammonium)z[Bils] for
future optoelectronic and sensing applications.

The research was funded by the National Science Centre as part of the OPUS 22 project (grant number:
2021/43/B/ST5/01172).
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FERROELEKTRYCZNOSC, PIEZOELEKTRYCZNOSC
I FERROELASTYCZNOSC W GRUPIE CHLORO-, BROMO-
1 JODOANTYMONIANOW(II) ACETAMIDYNIOWYCH O
STECHIOMETRII R3M:Xo

Aleksandra Krupinska!, Bogumila Burzynska!, Vasyl Kinzhybalo?, Blazej Dziuk?,
Przemyslaw Szklarz!, Dariusz Kajewski?, Jan Zar¢ba®, Ada Drweckad,
Szymon J. Zelewski®, Piotr Durlak!, Piotr Zielinski®, Pawel Sobieszczyk®,
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4 Instytut Fizyki Uniwersytetu Slgskiego w Katowicach, ul. 75 Putku Piechoty 1,
41-500 Chorzow
3 Katedra Fizyki Doswiadczalnej Wydziatu Podstawowych Probleméw Techniki
Politechniki Wroctawskiej, Wybrzeze Stanistawa Wyspianskiego 27, 50-370 Wroctaw
S Instytut Fizyki im. Nuklearnej H. Niewodniczanskiego PAN

Na posterze szczegdtowo przeanalizowano 1 omodwiono wlasciwosci
fizykochemiczne trzech nowych hybryd organiczno-nieorganicznych, na bazie kationu
acetamidyniowego, tj. (CH3C(NH2)2)3[Sb2Clo] (ACA), (CH3C(NH2)2)3[Sb2Bre] (ABA)
oraz (CH3C(NH2)2)3[Sbalo] (AIA). Wszystkie zsyntezowane zwigzki, opisane
stechiometria R3M2Xo, wzbudzaja duze zainteresowanie, poniewaz pojawienie si¢
ferroelektrycznosci dla tego typu uktadow jest dos¢ prawdopodobne. Z punktu widzenia
krystalochemii, polaczenia R3sM>Xo charakteryzuja si¢ duza réznorodnoscia geometrii
podsieci anionowych, na ktorg sktadajg si¢: izolowane bioktaedry potaczone $cianami
(0OD), izolowane oktaedry potaczone krawg¢dziami oraz narozami (0D), zygzakowaty
fancuch podwojny (1D), struktura typu ,,plaster miodu” (2D). Co ciekawe, wlasciwosci
ferroelektryczne obserwuje si¢ jedynie w ukladach dyskretnych (tworzonych przez
izolowane bioktaedry) 1 zawierajagcych w strukturze halogen jodkowy, oraz
dwuwymiarowych warstwach, spotykanych najczesciej w kompleksach chlorkowych i
bromkowych [1].

W ACA, podsie¢ anionowa tworza dwuwymiarowe (2D) warstwy typu ,,plastra
miodu”, podczas gdy w AIA szkielet nieorganiczny buduja izolowane (0D) jednostki
bioktaedryczne. Co jednak najbardziej zaskakujace, to fakt, ze tylko jedna z uzyskanych
hybryd  organiczno-nieorganicznych  wykazuje  wiasciwosci  ferroelektryczne.
Szczegotowa analiza elektryczna oraz badania PFM wskazuja, ze ACA nalezy do grupy
piezoelektrykow (ds3 = 6.0 pC-N"), zaé analog jodkowy (AIA) wykazuje wlasciwosci
ferroelektryczne w obrebie fazy II (Ps = 0.2 uC-cm™).

Zaskakujacym wynikiem, fgczagcym w pewnym sensie zarowno ACA, jak 1 AIA,
jest geometria podsieci anionowej zaobserwowana w analogu bromkowym (ABA).
W tym przypadku mamy do czynienia z dwusktadnikowa podsiecig nieorganiczng, na
ktoéra sktadaja si¢ dwuwymiarowe warstwy 1 izolowane jednostki obserwowane w ACA
1 AIA. Jest to pierwszy tego typu przyktad podsieci anionowej, obserwowany w grupie
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hybryd organiczno-nieorganicznych. Dodatkowo, ABA nalezy do grupy ferroelastykow
0 nietypowym wzorze/geometrii struktury domenowe;j [2].

ASB

Rys. 1. Geometria podsieci anionowej dla ACA, ABA i AIA.
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2-(4-METHOXYPHENYL)AMINO/IMINO-1,3-SELENAZOL-
4(SH)-ONE: A CASE OF CONCOMITANT POLYMORPHS
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Selenium-based heterocycles have recently gained attention as prospective
building blocks for the development of innovative therapeutic agents, but detailed
structural studies, in particular addressing the issue of polymorphism in this class of
compounds, are scarce.

As part of our systematic studies of tautomerism in thio- and selenazolidinones,
we have synthesized a series of novel isomeric 2-(o-,m-,p-methoxyphenyl)amino/imino-
1,3-selenazol-4(5H)-ones. Crystallization of 2-(p-methoxyphenyl)amino/imino-1,3-
selenazol-4(5H)-one from ethanol or isopropanol yielded in both cases a mixture of two
types of crystals, with prism and rod morphology. Single-crystal X-ray analysis revealed
that the prism-shaped crystals grown from both solvents represent the same polymorph I
(Table 1). The rod-like crystals, however, have different structure depending on the
solvent used, and are referred to as polymorph II in the case of ethanol, and polymorph
I1I in the case of isopropanol. The common polymorph I crystalizes in the triclinic system
space group P1 with one molecule in the asymmetric unit, while polymorphs IT and III
belong to the monoclinic system but have different space groups, P2/c with two symmetry
independent molecules and P2i/n with three molecules in the asymmetric unit,
respectively (Table 1). Crystal packing in all three polymorphs is illustrated in Fig. 1.

Table 1. The polymorphs studied in this work.

Polymorph
I 1I 111
Space group P1 P2/c P2i/n
a (A) 6.8647(3)  27.7184(6)  11.16988(19)
b(A) 9.0093(5) 6.9668(2)  11.7961(3)
¢ (A) 9.6388(5) 11.03042)  24.2043(4)
a () 68.319(4) 90 90
B 70.990(4) 90.305(2)  93.9718(6)
) 81.780(4) 90 90
V(A% 523.56(5)  2130.03(9)  3181.54(11)

22 2(1) 8(2) 12(3)
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Polymorphs

I

each crystal structure in two projections

111

Fig. 1. Molecular packing in the crystals of polymorphs T — III.
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DEHYDRATACJA KRYSZTALOW SOLI DISODOWEJ
5'-MONOFOSFORANU GUANOZYNY, Na,(GMP)-4H,O

Weronika Ziélek, Katarzyna Slepokura

Wydziat Chemii, Uniwersytet Wroctawski, ul. F. Joliot-Curie 14, 50-383 Wroctaw

Nukleotydy oraz ich sole krystalizujg przewaznie w postaci hydratow. Niektore
z nich tatwo ulegaja dehydratacji, a ta czgsto przebiega wedlug mechanizmu
monokrysztat-w-monokrysztat (ang. single crystal-to-single crystal, SC-to-SC), co
umozliwia wyznaczenie struktur krystalicznych form czegsciowo Ilub calkowicie
odwodnionych. W literaturze znane sg dwie odmiany soli disodowej 5'-monofosforanu
guanozyny (GMP): Nax(GMP)-4H>O [1] i Nax(GMP)-7H,0 [2].

Rys. 2. Otoczenie kationéw Na* w krysztatach Na,(GMP)-4H»O (z lewej; czasteczki wody pokazano jako
wigksze sfery) i Na;(GMP) (z prawej). Otoczenie jonu Nal w Na,(GMP) pokazano dla LK = 4+1.

Sol bezwodna, Nax(GMP), otrzymano odwadniajac monokrysztat tetrahydratu.
W wyniku dehydratacji komorka elementarna krysztalu zmniejszyta sie o 24%.
Niewielkiej zmianie ulegta konformacja anionu nukleotydowego (Rys. 1), czemu
towarzyszy utworzenie nowych wigzan wodorowych O-H:-O miedzy jednostka
cukrowg jednego jonu GMP?™ a grupa fosforanowa sgsiedniego. W znacznym stopniu
zmienit sie natomiast sposob koordynacji anionéw GMP?  do kationéw Na® oraz
otoczenie koordynacyjne kationéw, ktore w soli uwodnionej (LK = 6) przyjmuje ksztatt
zdeformowanego oktaedru, a w soli bezwodnej — zdeformowanego kwadratu lub mocno
zdeformowanej piramidy tetragonalnej (Nal: LK = 4 lub 4+1) oraz posredni migdzy
pryzmatem trygonalnym z daszkiem a oktaedrem z daszkiem (Na2: LK = 7) (Rys. 2).

Literatura
[1] M. Tsubonoya, A. Murofushi, S. Yamamura, Y. Sugawara, Acta Cryst. C., 74 (2018) 1153—1159.
[2] C.L.Barnes, S. W. Hawkinson, Acta Cryst. B., 38 (1982) 812—-817.
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AMONOWE SOLE PODWOJNE
KWASU HYPODIFOSFOROWEGO

Karolina Bukala!, Vasyl Kinzhybalo?, Katarzyna Slepokura!
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2 Instytut Niskich Temperatur i Badan Strukturalnych PAN, Okédlna 2, 50-422 Wroctaw

(NH4)2H2P206  jest pierwsza sola kwasu hypodifosforowego, dla ktorej
wyznaczono strukture krystaliczng Oraz na podstawie ktérej potwierdzono obecnosé
wigzania P-P [1]. W poOzZniejszym czasie odkryto przemiang fazowa oraz
ferroelektryczno$¢ fazy niskotemperaturowej [2]. Ostatnio opisano wiasciwosci
i struktury krystaliczne siedmiu soli amonowych, (NHa)x(HsxP206)-yH20 (x = 1-4,
y = 0-2) [3]. Inne potaczenia hypodifosforanowych soli amonowych nie sg znane.

Otrzymano trzy amonowe sole podwdjne kwasu hypodifosforowego: amonowo-
sodowa, NagNH4(HP206)3-:26H20, amonowo-magnezowsa, MgNH4(HP20s)-6H20, oraz
amonowo-wapniowa, Ca(NHa)2(H2P206)2-:2H20 (Rys. 1). Dokonano charakterystyki
fizykochemicznej metodami PXRD i analizy termicznej (TG-DTA i DSC).
Zidentyfikowano 1 opisano przemian¢ fazowa w soli amonowo-wapniowej. Amonowe
sole podwojne krystalizujag w grupach przestrzennych nalezacych do rdéznych uktadow
krystalograficznych: odpowiednio w trojskosnej P1, jednoskos$nej Cc, rombowych
Cmce (faza wysokotemperaturowa) i Pbna (faza niskotemperaturowa).

O3A

Q58

Rys. 1. Czgsci asymetryczne krysztalow NagNHs(HP20s)3-26H,0, MgNH4(HP2O¢)-6H,0 oraz
Ca(NHa)2(H2P206)2-2H,0 (w fazie wysoko- i niskotemperaturowej). Liniami przerywanymi
przedstawiono wigzania wodorowe. Atomy o SOF = 0.5 i tworzone przez nie wigzania przedstawiono
jako transparentne. Elipsoidy przemieszczenia pokazano z 50% prawdopodobienstwem.
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SYNTHESIS AND CRYSTAL STRUCTURE OF COPPER
LEVOCETIRIZINE DERIVATIVE

Michal Gacki, Anna Pietrzak, Wojciech Wolf

Institute of General and Ecological Chemistry, Faculty of Chemistry, Lodz University of
Technology, 116 Zeromskiego Street, 90-924 Lodz, Poland,

Levocetirizine (2-(2-{4-[(R)-(4-chlorophenyl)-phenylmethyl]piperazin-1-yl} ethoxy)
acetic acid dihydro-chloride salt) (Fig. 1) is the pharmacologically active enantiomer of
cetirizine. It belongs to the second-generation anti-histaminic active drug that has been
used to treat symptoms of allergy and long-term hives [1]. Levocetirizine is a piperazine
derivative which both N-atoms of the piperazine ring can potentially bind either one- or
two- metal centers. To date, four distinct conformations of piperazine moiety have been
identified: chair, boat, twist-boat and half-boat of which the former is the most favorable
thermodynamically [2,3].

In this communication, we report the synthesis and X-ray structure of copper
levocetirizine derivative, which exhibits an unexpected coordination mode.

Crystal data: a=7.9241(1), b=12.1728(2), c=22.4169(3) A, =90.862(1)°, P21,
Z=2, R=0.0392, T=100(2) K.

RCUSRae
Q)

Fig. 1. Structure of levocetirizine.
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THE INFLUENCE OF SUBSTITUENTS ON STRUCTURAL
DIVERSITY IN AZOBENZENE DERIVATIVES
FUNCTIONALIZED WITH SYMMETRICALLY SUBSTITUTED
AMINO ACID MOLECULES

Adrianna Szmulewicz', Mateusz Goldyn*!2, Artur R. Stefankiewicz!*
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Azobenzene-based compounds functionalized with amino acid derivatives could
represent a platform for designing supramolecular architectures [1,2]. In this study,
we synthesized and structurally characterized six derivatives with a diverse side-chain
substituent. Our goal was to explore how subtle variations in functional groups
influence the self-assembly in the solid state.

X-ray structural analysis revealed that derivatives containing aromatic side
chains (L-tyrosine or L-phenylalanine) consistently formed potentially porous
hydrogen-bonded organic frameworks (HOFs). In contrast, replacing the aromatic
moiety with a cyclohexyl group led to the formation of a non-porous supramolecular
polymeric network, highlighting the decisive role of steric and electronic factors
in directing molecular organization.

(0]
IEES c RIS cEQIRER
OJ\
2 Ry=tBu R \© 4 R;=-tBu R \©\ i \O
1=-BU Ko = 1=-IBU Ko = 6 Ri=-tBu R,=
OJ\

Fig. 1. Synthesized azobenzene-based compounds functionalized with amino acid derivatives.

The HOF-like structures exhibited nanotube motifs with internal channels
stabilized by directional hydrogen bonds. The structural diversity among the derivatives
resulted in varying pore sizes, which makes these materials promising candidates
for gas sorption applications. In contrast, the polymeric network formed
by the cyclohexyl derivative was stabilized by N-H(amide)---O=C(ester) hydrogen
bonds and n- - -7 interactions between azobenzene cores, resulting in a denser packing.
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This work underscores the potential of amino acid-functionalized azobenzenes
as tunable building blocks in supramolecular chemistry and lays the foundation
for further exploration of their functional properties.
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Zwiazek cieklokrystaliczny oznaczany jako 3FSHPhF6 (Rys. 1), o chiralnych
czasteczkach czesciowo fluorowanych na jednym z bocznych tancuchéw i na jednym
z pierScieni aromatycznych [1], wykazuje wysokie wtasciwosci szklotworcze [2,3].
Podczas ochfadzania nie wystgpuje krystalizacja, a zamiast tego zachodzi zeszklenie
w zakresie ciektokrystalicznej fazy smektycznej Ca* [2,3]. Temperatura przejscia
szklistego wyznaczona na podstawie widm dielektrycznych to ok. 230 K [3]. Podczas
powolnego ogrzewania ze stanu szklistego zachodzi zimna krystalizacja, a powstala
faza krystaliczna topnieje w ok. 300 K [3]. Oprdocz fazy smektycznej Ca*, zwigzek
3F5HPhF6 tworzy rowniez fazy smektyczne C* 1 A* w waskim zakresie temperatur
migdzy faza smektyczng Ca* i cieczg izotropowa [1,4]. Temperatura przejscia do cieczy
izotropowej wynosi 372 K [1].

F

C3F7CHZOC5H1OO~®—COOCOO—C*H(CH3)C6H13 (S)

Rys. 1. Czasteczka 3FSHPhF6.

Niniejsze badanie [5] ma na celu wyznaczenie zmian strukturalnych
w przechtodzonej i zeszklonej fazie smektycznej Ca* zwigzku 3FSHPhF6 w zakresie
temperatur 18-298 K. Dyfrakcja rentgenowska zastosowana jest do okreslenia
temperaturowej zalezno$ci grubosci warstw smektycznych, srednich odleglo$ci migdzy
czasteczkami, dhlugosci korelacji uporzadkowania bliskiego zasiegu w plaszczyznie
warstw oraz centrosymetrycznego (ze wzgledu na rotacj¢ czasteczek) rozktadu gestosci
elektronowej w kierunku prostopadtym do warstw. Modelowanie molekularne oparte na
teorii funkcjonalu gestosci elektronowej (DFT) jest wykorzystane do interpretacji
dyfraktograméw  rentgenowskich. Obserwacja selektywnego odbicia $wiatla
widzialnego jest zastosowana do okreslenia zmian strukturalnych w skali
mezoskopowej, tj. skoku helisy opisujacej skrecenie kierunku nachylenia czasteczek
w kolejnych warstwach smektycznych.

Wyniki dyfrakeji rentgenowskiej wykazuja, ze grubos¢ warstw smektycznych
ma niewielkie maksimum w okolicy przejScia szklistego, lecz calkowita zmiana
grubosci warstw w zakresie 18-298 K jest niewielka 1 wynosi ok. 6%. Stosunek
dhugosci korelacji uporzadkowania bliskiego zasiggu i $redniej odleglosci migdzy
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czasteczkami ro$nie z obnizaniem temperatury i jest staly odpowiednio powyzej
1 ponizej temperatury zeszklenia. Rozktad gestosci elektronowej wyznaczony jest na
podstawie scalkowanych natgzen refleksow (001), (002), (003), (004). Zgodnosé
z wynikami obliczen DFT otrzymuje si¢ dla dwoch wyboréw znakow czynnikow
struktury:  —|Foo1l, —|Foozl, = Foosl, =|Foosl 1ub  —[Foo1l, +|Fo02l, —|Foosl, —|Fooal
(Rys. 2). Widoczna jest dalsza zmiana rozktadu gestosci ponizej temperatury
zeszklenia. Obserwacje selektywnego odbicia $wiatta wykazuja, Zze kolor probki nie
zmienia si¢ ponizej temperatury zeszklenia, a wigc skok helisy jest staty (Rys. 3).

80 3F 3+
2} 2 2t
= 60} E 5 1
E s 2
g 40} S, S, 0+
ﬂ. (=] =]
< T ar
20 - ~N ~
N —— 298 K—278 K| N 5
SY —— 258 K——218 K| QU
0 _ — 148 K— 18 K 3k
1 1 1 1 1 1 1 1
0 5 10 15 20 25 0 02 04 06 08 1 0 02 04 06 08 1
(a) z (b) z/d (c) z/d

Rys. 2. Rozktad gestosci elektronowej w kierunku prostopadtym do warstw smektycznych oszacowany
na podstawie obliczen DFT (a) i wyznaczony z dyfraktogramow rentgenowskich przy zatozeniu znakow
czynnikow struktury —|Foo1|, =|Foozl, =IFo0sl, —|Fooal (b) oraz —|Foo1|, +|Foozl, —|Foosl, =Fooal (¢) [S]-

288]KASMCAy 260]KASMCAy J73lK9ISmCay

Rys. 3. Obraz probki spod mikroskopu dziatajacego w trybie odbiciowym (obszar 622 x 466 pm?) [5].
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gospodarki”. Obliczenia DFT zostaty przeprowadzone w ramach grantu obliczeniowego infrastruktury
PLGrid nr. PLG/2024/017946 w Akademickim Centrum Komputerowym Cyfronet AGH.

Literatura

[1] M. Zurowska, R. Dabrowski, J. Dziaduszek, K. Garbat, M. Filipowicz, M. Tykarska, W. Rejmer,
K. Czuprynski, A. Spadto, N. Bennis, J.M. Oton, J. Mater. Chem., 21 (2011) 2144.

[2] A. Deptuch, M. Marzec, T. Jaworska-Gotab, M. Dziurka, J. Hooper, M. Srebro-Hooper, P. Fryn,
J. Fitas, M. Urbanska, M. Tykarska, Lig. Cryst., 46 (2019) 2201.

[3] A. Deptuch, M. Jasiurkowska-Delaporte, M. Urbanska, S. Baran, J. Mol. Lig., 368 (2022) 120612.

[4] A. Deptuch, T. Jaworska-Gotab, M. Dziurka, J. Hooper, M. Srebro-Hooper, M. Urbanska,
M. Tykarska, M. Urbanska, Phys. Rev. E, 107 (2023) 034703.

[5] A. Deptuch, M. Koziel, M. Piwowarczyk, M. Urbanska, E. Juszynska-Galazka, arXiv:2503.03309
(2025).

66 Konwersatorium Krystalograficzne, Warsztaty

186 i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 25-27 VI 2025



B-30

WPLYW PROMIENIA JONOWEGO Ln(IlI) NA TRWALOSC
UKLADOW TROJSKEADNIKOWYCH TYPU Ln(III)-L-L°

Marcin Ziobro, Rafal Janicki

Uniwersytet Wroctawski, Wydziat Chemii, ul. F. Joliot Curie 14, 50-383 Wroctaw

W 2011 roku Unia Europejska zakwalifikowata REE (ang. Rare Earth Elements
— metale ziem rzadkich) jako surowce krytyczne [1]. Juz trzy lata wcze$niej,
w Komunikacie Komisji do Parlamentu Europejskiego i Rady, pierwiastki te zostaly
wymienione jako kluczowe dla przemystu wewnetrznego Unii Europejskiej [2]. W 2020
roku az 98% importowanych REE pochodzitlo z Chinskiej Republiki Ludowej [3].
Ostatnie lata pokazaty, ze uzaleznienie od surowcoOw z jednego kraju moze prowadzi¢ do
katastrofalnych skutkow gospodarczych 1 politycznych [4]. Dotychczas stosowane
metody rozdziatu zwigzkéw REE to ekstrakcja oraz chromatografia jonowymienna [5].
Metody te wymagaja stosowania duzych objetosci rozpuszczalnikow organicznych i/lub
wysoko stezonych roztwordw kwasOw mineralnych, przez co sa kosztowne
1 czasochtonne. Alternatywa dla tych metod moze by¢ krystalizacja frakcyjna
z roztwordw wodnych, ktdra moze by¢ szczegodlnie atrakcyjna ekonomicznie, poniewaz
Znaczaco ogranicza zuzycie m.in. rozpuszczalnikow organicznych.

Gléwnym celem przeprowadzonych badan bylo otrzymanie zwigzkow potrdjnych
typu Ln(III)-EDTA-cytrynian (gdzie Ln = Nd, Er) w ciele statym oraz zbadanie
réwnowag tworzenia tych zwigzkoéw w roztworach wodnych:

L3~ + [Nd(EDTA)(H,0)5;]~ 2 [Nd(EDTA)L]*~ + 3H,0 (1)
LK.=9 2 LK.=9
L3~ + [Er(EDTA)(H,0),]” 2 [Er(EDTA)L]*" + 2H,0 )

LK. =8 2 LK.=9
Zsyntezowane zwigzki otrzymano w postaci krysztalow o wzorze ogdlnym
[C(NH2)3]4[Ln(EDTA)(cyt)]-:2H20 i chociaz zwigzki Nd(III) i Er(Ill) okazaly si¢ by¢
izostrukturalne, to zaobserwowano, ze warto$¢ statej rownowagi reakcji (1) jest
dziesigciokrotnie wigksza niz w przypadku reakcji (2). Warto podkresli¢, ze stale
trwato$ci zwigzkow Ln(Ill) zwykle rosng wraz ze wzrostem liczby atomowej Z.
Zaobserwowany odwrocony trend najprawdopodobniej zwigzany jest ze zwigkszeniem
liczby koordynacyjnej jonu Er(Ill) z 8 na 9, podczas gdy w przypadku reakcji (1) liczba

koordynacyjna jonu Nd(III) nie ulega zmianie.
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The definition of a cocrystal has changed over the years. One definition is that
it is a homogeneous solid composed of two or more neutral components present
in a specific stoichiometric ratio [1]. Cocrystals in which at least one of the components
is an active pharmaceutical ingredient (API) are called pharmaceutical cocrystals [2].
Cocrystallization of an active pharmaceutical ingredient (API) is one of the methods
of improving its physicochemical and biological properties, i.e. bioavailability, stability,
or solubility in water. Selection of the appropriate coformer and cocrystallization
method allows for obtaining different polymorphic forms of a given cocrystal, which
may differ in biological activity.

T
\N N HOOC COOH
L X
o) ri] N HOOC COOH
CAF PMLA
Fig. 1. Structures of caffeine (CAF) and benzene-1,2,4,5-tetracarboxylic acid (PMLA).

Caffeine (CAF, Fig. 1) is a purine alkaloid found in coffee beans, tea leaves, and
carbonated drinks. It is the most commonly consumed psychoactive substance that has
an antagonistic effect on adenosine receptors [3]. Benzene-1,2,4,5-tetracarboxylic acid
(PMLA, Fig. 1) has four carboxyl groups, each of which can adopt different
conformations by forming hydrogen bonds, making it a suitable coformer for the
synthesis of polymorphs. This compound is hygroscopic and in high humidity
conditions transforms into a hydrate. Cocrystallization of caffeine with compounds
containing carboxyl groups in their structure improves its stability, which
is undoubtedly important when creating new drug formulations [4-6].

As part of the research, experiments were conducted to obtain multicomponent
CAF systems using pyromellitic acid (PMLA) as a coformer. Cocrystallizations by slow
evaporation of solution using different solvents and different stoichiometric ratios
of CAF and PMLA were performed. Single-crystal X-ray diffraction studies allowed the
identification of several cocrystals and cocrystal solvates in which the CAF:PMLA
stoichiometric ratio was 1:1, 2:1 and 4:1. Among them, three polymorphic forms
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of the CAF-PMLA 2:1 cocrystal (form I, II, and III) and two polymorphic forms
of the CAF-PMLA 1:1 cocrystal (form I and II) can be distinguished.

The X-ray structural analysis revealed conformational polymorphism
in CAF-PMLA 2:1 cocrystals. Differences are also visible in the different arrangement
of supramolecular motifs formed by the components of these cocrystals, which can also
classify these cocrystals as packing polymorphs (Fig. 2). In the CAF-PMLA 1:1
cocrystal polymorphs, differences are observed not only in the conformation of carboxyl
groups of PMLA but also in the formed supramolecular synthons, which allows them
to be classified as synthon polymorphs.

a) c)

R Fe
*‘%*{%&% 42

*ﬁé *ié' . , K
é?* g

Fig. 2. Difference in the arrangement of supramolecular ribbons composed of non-covalently bonded
caffeine and pyromellitic acid molecules in polymorhic forms I (a), II (b) and III (c) of CAF-PMLA 2:1
cocrystal.

[110]
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POLIMERYCZNE UKLADY SREBRA(I) Z ZASADA SCHIFFA
OPARTA NA 1,2,4-TRIAZOLO-4-AMINIE
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Zdolnos$ci koordynacyjne zasad Schiffa opartych na 1,2,4-triazolo-4-aminie s3
czgsto wykorzystywane w syntezie zwigzkow koordynacyjnych. W reakcji soli miedzi(I)
lub soli srebra(l) czesto tworzg dwurdzeniowe jednostki koordynacyjne [1-3]. Jesli do
syntezy zasady Schiffa zostat uzyty 4-bromo- lub 4-chlorobenzaldehyd, wtedy pochodna
1,2,4-triazolo-4-aminy réwniez tworzy dwurdzeniowe jednostki kationowe miedzi(I) lub
srebra(l). Jednak, w odroznieniu od innych, te dwurdzeniowe jednostki kationowe
wykazujg tendencj¢ do uporzadkowania si¢ w ten sposob, ze migdzy nimi powstaja
kanaty, w ktorych znajduja si¢ czasteczki rozpuszczalnika. Usunigcie czasteczek
rozpuszczalnika z tych uktadéw prowadzi do reorientacji dwurdzeniowych jednostek
w strukturze, a takze do reorganizacji oddzialywan mi¢dzy nimi.

Na posterze przedstawione zostang wyniki badan modyfikacji liganda na
tworzenie uktadow koordynacyjnych srebra(I). Modyfikacja ta dotyczyla tacznika
iminowego, do ktorego wprowadzona zostata grupa metylowa, poprzez zastosowanie
odpowiedniego ketonu zamiast aldehydu w syntezie pochodnej 1,2,4-triazolo-4-aminy.
Modyfikacja ta wplyneta na zmiang geometrii liganda, a w konsekwencji na zmiang
wymiarowos$ci powstatych uktadéw supramolekularnych srebra(I).
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Jednym ze zwigzkéw azynowych jest pirazyna (Rys. 1), ktora charakteryzuje si¢
szesciocztonowym pierScieniem aromatycznym, w ktorym dwa atomy wegla sa
zastgpione atomami azotu [1]. Pochodne tej diazyny sa szeroko stosowane
w medycynie migdzy innymi jako sktadniki lekdw przeciwnowotworowych,
przeciwgruzliczych oraz obnizajacych ci$nienie tetnicze. Przyktadami takich produktow
leczniczych s3: pyrazynamid — lek przeciwgruzliczy oraz bortezomib — preparat
farmaceutyczny stosowany w leczeniu szpiczaka mnogiego (nowotworu ukladu
krwiotworczego) [2,3].

Celem prowadzonych badan jest wykonanie krystalizacji pirazyny
1 otrzymanie nowych, dotychczas nieopisanych struktur krystalicznych, a nastgpnie ich
analiza. Kokrysztaly cieszg si¢ duzym zainteresowaniem przemystu farmaceutycznego,
poniewaz ulepszaja wlasciwosci migdzy innymi fizykochemiczne
1 farmakokinetyczne lekoéw, przy zachowaniu ich dzialania terapeutycznego [4].
Prowadzone badania mogg stanowi¢ podstawe do projektowania nowych struktur
krystalicznych oraz przyczyni¢ si¢ do postepu w dziedzinie farmacji, gdzie kokrysztaty
pirazyny moga mie¢ zastosowanie w projektowaniu innowacyjnych lekow.

Poster bedzie przedstawiat rezultaty przeprowadzonych badan, w wyniku
ktérych otrzymano 3 nowe krysztaly pirazyny z: kwasem 3,5-dintrobenzoesowym,
kwasem 3,5-dinitro-2-hydroksybenzoesowym oraz z kwasem (E)-3-(4-hydroksy-3-
metoksyfenylo)prop-2-enowym. Dla kazdej z uzyskanych struktur przeprowadzono
pomiary rentgenograficzne i okreslono ich budowe.

N

AN

/

N
Rys. 1. Wzér strukturalny pirazyny.
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Pirymidyna jest szeroko rozpowszechniona w przyrodzie jako sktadnik kwasoéw
nukleinowych (cytozyny, tyminy i uracylu) oraz wielu innych zwigzkéw naturalnych.
Z biegiem lat uktad pirymidynowy stal si¢ waznym farmakoforem, ze wzgledu na szeroki
zakres  aktywno$ci  farmakologicznej, @w  tym  przeciwdrobnoustrojowej,
przeciwnowotworowej, przeciwzapalnej, czy przeciwbolowej. Istnieje wiele lekow,
bedacych pochodnymi pirymidyny, m.in. 5-fluorouracyl (cytostatyk), zydowudyna (lek
na HIV), sulfadiazyna (chemiterapeutyk), minoksydyl (lek przeciwnadci$nieniowy),
tiopental sodu (Srodek znieczulajacy), metylofenobarbital (Srodek przeciwpadaczkowy),
pirymetamina (lek przeciwmalaryczny) 1 trimetoprim (lek przeciwbakteryjny stosowany
w potaczeniu z sulfonamidami) [1-2].

Badana dotychczas w naszym zespole grupa pochodnych 2-fenylo-6-
metylopyrymidyny-4-aminy, w wigkszosci przypadkdéw zawierata podstawiony pier§cien
fenylowy przytaczony do grupy aminowej. Stwierdzono, ze 4-aminoarylowe pochodne,
ktére posiadaja atom halogenu przylaczony do pierScienia fenylowego przy grupie
aminowej w pozycji 4 1 grupe alkoksylowg w pierscieniu fenylowym w pozycji 5 uktadu
5-(aminometylo)-2-fenylo-6-metylopyrymidyny-4-aminy i1 odwrotnie, wykazuja
najsilniejsze wlasciwosci przeciwbakteryjne [3]. Z kolei, zwigzki posiadajace grupe
4-benzylosulfanylowa wykazuja silniejsza toksyczno$¢ niz ich 4-aminowe analogi [4].
Ponadto obecno$¢ grupy hydroksylowej [5], jak 1 wigzania -C=N- w potozeniu
5 pier$cienia pirymidyny wptywa na wzrost aktywnos$ci przeciwnowotworowej [6-7].

— X X

Q x \ 7 \_/
NH S
/N:\§_<O N:\§_<O N " o
OO0, O
N= o = =
CH; _\CH3 " CH, 0_\CH?‘ " CH, 0_\CH_,,
) (c)

(a) (b

Rys. 1. Analogi 2-fenylo-6-metylopyrymidyno-5-karboksylanu etylu zawierajace grupe:
(a) 4-aminoarylowa, (b) 4-benzylosulfanylowg oraz (c) 4-benzyloaminowg; X = F, Cl, CF; lub CH3.
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W oparciu o powyzsze informacje i biorgc pod uwage potrzebe odkrywania
1 syntezowania biologicznie aktywnych zwigzkow, uzyskalimy nowe pochodne
w wyniku strukturalnej modyfikacji czasteczki 2-fenylo-6-metylopyrymidyno-4-aminy
polegajacej na wprowadzeniu podstawnika benzylowego do grupy aminowej w potozeniu
4 pierScienia pirymidyny. W niniejszym komunikacie prezentujemy jeden z etapow
naszych  badan, ktory dotyczy syntezy estrow etylowych pochodnych
4-(benzyloamino)-2-fenylo-6-metylopirymidyny 0 spodziewane] aktywnosci
przeciwnowotworowej. Dla otrzymanych w postaci monokrysztatow badanych
zwigzkoéw z grupa 4-benzyloaminowa podstawiong -F, -CI lub CF3 przeprowadzono
rentgenowska analize strukturalng, a uzyskane wyniki wykorzystano do porownania ich
struktur krystalicznych z odpowiednimi analogami zawierajagcymi grup¢ 4-aminoarylowa
oraz 4-benzylosulfanylowa (Rys. 1).
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As a representative of the antifolates, pyrimethamine (Figure 1) has been widely
used in the treatment of parasitic protozoan infections, such as toxoplasmosis and,
historically, malaria. However, its application in antimalarial therapy has been
discontinued due to the widespread development of drug-resistant strains of Plasmodium

[].

Cl
NH;

Fig. 1. Pyrimethamine.

This study focused on the design, synthesis and characterization of pyrimethamine
salts with isomeric aminobenzoic acids, the structures of which are shown in Figure 2.
The structures of the obtained salts are shown in Figure 3.

0, OH Oy OH O OH
NH»

NH,
NH

Fig. 2. o-, m-, p-aminobenzoic acids.
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Fig. 3. Structures of salts of pyrimethamine with o-, m-aminobenzoic acids.

Building on previous studies involving molecular salts of pyrimethamine with
isomeric hydroxybenzoic acids [2], this work focuses on the synthesis and
characterization of new salts formed with ortho-, meta-, and para-aminobenzoic acids.
The crystalline structures of the obtained compounds were determined by single-crystal
X-ray diffraction. However, no crystalline salt was successfully isolated from the para-
aminobenzoic acid system. FElectrospray ionization mass spectrometry (ESI-MS)
confirmed the formation of 1:1 adducts in solution for all isomers, including the para
derivative, and additionally revealed the presence of 2:1 species (pyrimethamine/para-
aminobenzoic acid). Complementary thermal analysis (DSC-TG) was carried out to
compare the thermal properties of the resulting salts with those of pure pyrimethamine.
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Halobismuthate(III) and halo antimonate (III) compounds have generated
significant interest in inorganic—organic hybrid materials due to their potential
applications as nonlinear dielectric, optical, and solar cell lead-free materials. Extensive
research is now being carried out on many lead-free compounds with a perovskite or
equivalent structure, in which the B-place in the ABX3 formula would be occupied by a
different, less toxic metal. Bi(III) and Sb(IIl) based materials represent a new line of
research as they exhibit less toxicity and better air stability. Moreover, many of these
compounds crystallize in the polar space groups exhibiting nonlinear optical,
piezoelectric, and ferroic (ferroelastic/ferroelectric) properties. It should be underlined
that ferroelasticity within organic—inorganic hybrid materials has recently evoked much
interest due to the unique mechanical properties of these materials, such as spontaneous
strain, strain—stress hysteresis, and domain conversion. Thus, these materials have
potential applications in piezoelectric sensors, mechanical switches, and multiple-state
memories.

In this contribution, we report a novel Sb/Bi-based formamidinium
(NH,CHNH,"), guanidinium (C(NH)3"), pyrazoline (C3N;Hs"), trimethyl sulfonium
((S(CH3)3") materials, which exhibit ferroic and semiconducting properties at wide
temperature ranges (Tab 1.).

Table 1. Crucial ferroic and semiconducting properties of presented materials.

Ferroelectric Ferroelastic Band gap [eV] Ref

Guidinium Sb No Yes 217 1.2)
Ganiditum Bl No Yes 2.05 [1,2]
Formanidium Sh | Y Yes 210 3
Formamdinm B | Y ¥es L85 0
f,gf:;gf&ﬁ bzslf) No Yes 2.10 [5]
Pyrazolim Bi No Yes 197 5
Tm\g}?;lé)ﬁl)ﬁ?ﬁ?n Sb No ? 227 [6, 7]
TeiMathySoltonum Bt | N ¥es 210 6.7
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WIAZAN WODOROWYCH W KRYSZTALACH SOLI
ZYX.0ZONYCH Z TRIETYLOAMINY I POCHODNYCH

2,2-DIOKSYDU 2,1-BENZOTIAZYNY I 1,2-BENZOKSATIINY

Ewa Wieczorek-Dziurla!, Leonid A. Shemchuk?, Dmitry A. Lega?, Andrii Pyrih,
Andrzej K. Gzella!

I Katedra i Zaktad Chemii Organicznej, Uniwersytet Medyczny im. K. Marcinkowskiego
w Poznaniu, ul. Rokietnicka 3, 60-806 Poznan
? National University of Pharmacy, 53 Pushkinska St., Kharkiv 61002, Ukraine

Badane symetryczne bis-addukty, tj. bis(1-etylo-4-hydroksy-2,2-dioksydo-1H-
2,1-benzotiazyn-3-ylo)(R,Ar,Het)metan 1 bis(4-hydroksy-2,2-dioksydo-2H-1,2-
benzoxathiin-3-ylo)(R,Ar,Het)metan, wazne obiekty w badaniach farmakologicznych,
wystepuja w fazie ciektej 1 statlej w postaci podwdjnego tautomeru enolowego, co
pozwala tym zwigzkom uczestniczy¢é w tworzeniu oddziatywan kwas-zasada,
zwigzanych z przeniesieniem protonu na trietyloaming i utworzeniem w czasteczce bis-
adduktu wewnatrzczasteczkowego wigzania wodorowego typu O—-H:--O~ pomiedzy
nienaruszong grupa OH a enolanowym atomem tlenu (O").

W naszej wczesniejszej publikacji [1] wykazano, ze w sieci krysztatu soli
trietyloamoniowych zawierajacych w czasteczkach anionu fragment 2,2-dioksydu 2,1-
benzotiazyny, czasteczki przeciwjonoOw 13acza si¢ wigzaniami wodorowymi typu
N-H---O, w ktérych rol¢ akceptora protonu petni atom O grupy sulfonylowej (Rys. 1a).
Inaczej jest w sieci krysztatu soli trietyloamoniowych zawierajacych w czasteczkach
anionu ugrupowanie 2,2-dioksydu 1,2-benzoksatiiny, gdzie przeciwjony tacza si¢
wigzaniami wodorowymi typu N-H:--O, w ktdérych rol¢ akceptora protonu pehi
enolanowy atom O™ (Rys. 1b).

a) 5 (R, Ar, Het) b)

Rys. 1. Wigzania wodorowe typu N-H---O w krysztatach soli ztozonych z trietyloaminy i pochodnych (a)
2,2-dioksydu 2,1-benzotiazyny, (b) 2,2-dioksydu 1,2-benzoksatiiny.

Przedstawione w niniejszym doniesieniu badania, miaty na celu lepsze
zrozumienie zwigzku miedzy strukturg anionu i siecig wigzan wodorowych w krysztatach
zsyntezowanych soli trietyloamoniowych pochodnych 2,1-benzotiazyny 1 1,2-
benzoksatiiny. Badaniami objeto cztery sole amoniowe, to jest sole trietyloamoniowe
1-etylo-3-((1-etylo-4-hydroksy-2,2-dioksydo-1H-2,1-benzotiazyn-3-ylo)(4-chlorofenylo/
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4-dimetyloaminofenylo)metylo)-2,2-dioksydo-1H-2,1-benzotiazyn-4-olanu (1, 2) i 3-[(4-
hydroxy-2,2-dioksydo-1,2-benzoxathiin-3-ylo)(4-chlorofenylo/4-dimetyloaminofenylo)-
metylo]-2,2-dioksydo-1,2-benzoxathiin-4-olanu (3, 4). Badania wykazaly, zZe
w krysztatach soli 1 1 2 przeciwjony tacza si¢ wigzaniami wodorowymi typu N-H---O
w ktoérych role akceptora protonu peini atom tlenu jednej z dwoch grup sulfonylowych
(Rys. 2), za§ w krysztatach soli 3 i 4 przeciwjony tacza si¢ wigzaniami wodorowymi,
w ktorych akceptorem protonu jest enolanowy atom (O7) (Rys. 2). Poczynione
obserwacje, w tym przyktad soli 3, pozostaja w zgodzie z odnotowang w pracy [ 1] regula
zaobserwowang dla kontaktow wodorowych kation—anion. Przyktad soli 3 pokazuje, ze
dodatkowa obecnos$¢ w krysztale rozpuszczalnika krystalizacyjnego (etanolu) oraz jego
udziat w tworzeniu wigzan wodorowych nie tamie tej reguty odnoszacej si¢ do sposoboéw
taczenia czasteczek kationu i anionu.

L5 N1b
82b

E O1db 52:!4)
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Rys. 2. Obraz ORTEP czasteczek soli 1 — 4, przedstawiajacy przeciwjony aczace si¢ wigzaniami
wodorowymi typu N-H:--O.
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STRUKTURY KRYSTALICZNE ZWIAZKOW
KOORDYNACYJNYCH SREBRA(I) Z POCHODNA
1,2,4-TRIAZOLO-4-AMINY

Zofia Hajdaczuk, Agata Bialonska, Emilia Ganczar

Wydziat Chemii Uniwersytetu Wroctawskiego, F. Joliot-Curie 14, 50-383 Wroctaw

1,2,4-triazole 1 ich pochodne cieszg si¢ ogromnym zainteresowaniem jako ligandy
w chemii koordynacyjnej ze wzgledu na tatwos$¢ ich syntezy oraz duze mozliwosci
w sposobie koordynacji. Moga one dziata¢ jako ligandy monodentne, ale tez polidentne
ze wzgledu na obecno$¢ trzech donorowych atomoéw azotu [1]. Znane sg tez liczne
zwigzki koordynacyjne, w ktérych pochodne 1,2,4-triazolu koordynowaty w sposob
mostkowy do kationéw metali przejSciowych [2,3].

W wyniku reakcji, w roznych stosunkach molowych, tetrafluoroboranu srebra(I)
z N-[(E)-(4-bromofenyl)metylideno]-4H-1,2,4-triazolo-4-aming (L) otrzymano kilka,
roéznigcych si¢ miedzy sobg struktura, bezbarwnych zwiazkéw krystalicznych.

Kazdy 2z otrzymanych zwigzkow koordynacyjnych jest zwigzkiem
dwurdzeniowym, w ktorych jony srebra(l) sa ze soba polaczone za pomoca dwdch
ligandéw (L) w sposdb mostkowy tworzac szescioczlonowy pierscien (Ag-N-N),.
W jednej ze struktur do kationu srebra koordynuje trzeci ligand (L) w sposob
monodentny. Warunkuje to powstanie duzych kanatéw, w ktorych znajduja si¢ aniony
tetrafluoroboranu oraz rozpuszczalnik — acetonitryl. Taka budowa umozliwia potencjalng
wymiang¢ rozpuszczalnika na inny. W przeszlosci otrzymano zwiazki o bardzo podobne;j
budowie z wykorzystaniem kationéw miedzi(I) [4]. W pozostalych zwigzkach liczba
koordynacyjna srebra zostaje dopetniona przez acetonitryl. Jeden z otrzymanych
kompleksow jest polimerem jednowymiarowym.

N/\N N
/" \ .

Rys. 1. Budowa liganda (L).
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PROSTA SYNTEZA FOSFADEKALONOW ZA POMOCA
REAKCJI DIELSA-ALDERA WSPOMAGANEJ MIKROFALAMI

Elzbieta Lastawiecka, Anna E. Koziol

Wydziat Chemii, Uniwersytet Marii-Curie Skltodowskiej, 20-031 Lublin

Przedstawiona jest stereoselektywna strategia syntezy z uzyciem I-tlenku
1-fenylofosfino-2-en-4-onu zwiazkow bicyklicznych 1 tricyklicznych zawierajacych
fosfor. Ten aktywowany dienofil, dostgpny zarOwno w postaci racemicznej, jak
i enancjomerycznie czystej, ulega tatwym [4+2] cykloaddycjom z acyklicznymi
1 cyklicznymi dienami, dajac produkty z doskonata wydajnoscia 1 kontrolowang
stereochemia (Rys. 1). Stwierdzono, ze fuzj¢ cis/trans cykloadduktéw (fosfadekalondéw
1 fosfaheksahydrochryzenu) mozna selektywnie kontrolowa¢ poprzez precyzyjne
dopasowanie warunkow reakcji cykloaddycji wspomaganej mikrofalami. Szczeg6lowo
zbadano wptyw temperatury, czasu 1 efektoéw sterycznych na selektywnos¢ produktow
cis/trans 1 endo/egzo.

,R R2
| 4 100-140°C, 1-24h . . m)
R, ) [4+2] cycloaddition Ry R o
PH \\0 Y = 40-94% R, PH \o o \\o
cyclic and )
(rac) or (R) acyclic dienes R, =H, Me, OMe n=1or2
Rz =H, Me

M X
R1 R2 =©\/§‘.\J‘:~

Rys. 1. Proponowane strategie syntezy nowych racemicznych i enancjomerycznych fosfadekalonow.

Strukture czasteczkowa — w tym konfiguracje absolutng — o$miu produktow
okreslono za pomoca analizy strukturalnej. Badania te dodatkowo potwierdzity endo-
selektywng natur¢ cykloaddycji, sprzyjajaca aktywowaniu strony P=O dienofila.
Transformacje pocykloaddycyjne wybranego P-stereogennego fosfadekalonu, takie jak
izomeryzacja, redukcja 1 deoksygenacja, wykazuja wszechstronno$¢ syntetyczng
powstatych produktow.

Pomimo rosngcego znaczenia fosfinanbw w chemii syntetycznej, ich
zastosowanie jako dienofili w cykloaddycjach [4+2] pozostaje w duze] mierze
niezbadane. Istniejaca literatura opisuje gldwnie ich zastosowanie jako dienow [1,2].
Dotychczas opisano tylko jeden przyktad, w ktorym tlenki metylo-4-chloro-1,2-
dihydrofosfininy dzialaty jako dienofil w procesie samodimeryzacji [3]. Nie zgloszono
zadnych migdzyczasteczkowych reakcji Dielsa-Aldera z udziatem fosfinandw jako
dienofili z acyklicznymi lub cyklicznymi dienami.

Opracowano wysoce wydajng synteze nowych bicyklicznych i tricyklicznych
uktadéw fosfadekalonowych. Kluczowg podstawa tego podejscia jest wysoka
aktywno$¢ 1-tlenku 1-fenylofosfino-2-en-4-onu (2) stosowanego jako dienofil, ktory
ulega stereoselektywnym cykloaddycjom Dielsa-Aldera z acyklicznymi 1 cyklicznymi
dienami. W wyniku reakcji powstajg cykloaddukty poprzez tryb endo i tylko od strony
wiazania P=0 czasteczki, gdy jednoczesnie drugim przeciwleglym podstawnikiem jest
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grupa fenylowa. Opracowana procedura ma charakter ogélny 1 wykorzystuje
napromieniowanie mikrofalowe w celu przyspieszenia procesu 1 zwigkszenia
wydajnosci syntetyzowanych cykloadduktéw. Odpowiednio dobrane parametry syntezy
(temperatura i czas) pozwalajg na kontrolg selektywnos$ci izomerycznej powstajacego
produktu cyklizacji cis- lub frans-skondensowanej, ktory charakteryzuje si¢ zupelnie
inng stereochemia czasteczkowa.

o 0 .-q
f‘j i 110 °C MW, 6h dﬁ Ty
+ —_— =
P. 7 toluene, BHP P

P o PH O PH 0
(R)-2 3 y =97.5% (R)-cis-fused-8 (R)-trans-fused-8
cis : trans =56 : 44 [e]o®= +5.03 [u]p®= +18.25

(c0.99, CHCl3) (c0.93, CHCl3)

Rys. 2. Przyktadowa synteza izomerow cis i trans.

Aby oceni¢ 1 zoptymalizowa¢ reaktywno$¢ cykloaddycji badanego dienofila
rac-2, poczatkowo wybrano butadien (3) jako reprezentatywny dien (Rys. 2). Reakcja
przebiegata wydajnie w znacznie tagodniejszych warunkach niz te wymagane dla
powigzanego uktadu 1-fenylofosfo-2-enu, ktory wymaga temperatur powyzej 200°C ze
wzgledu na swoja stabg dienofilowos¢ [4,5]. Tg¢ réznice mozna wyjasni¢ obecnoscia
grupy karbonylowej sprzezonej z wigzaniem podwdjnym w rac-2, co znacznie zwigksza
jego dienofilowy charakter. RzeczywiScie, ogrzewanie rac-2 z butadienem w toluenie
w temperaturze 120°C doprowadzito do pelnej konwersji w ciggu 12 godzin, dajac
fosfadekalon (rac)-cis-8 z doskonala wydajnoscig. Dalsza optymalizacja wykazata, ze
ogrzewanie wspomagane mikrofalami drastycznie skrocilo czas reakcji do zaledwie
2 godzin, z utrzymaniem wysokiej wydajnosci i tworzenia czystego produktu.

Literatura

[1] L. D. Quin, A. N. Hughes, J. C. Kisalus, B. Pete, J. Org. Chem., 53 (1988) 1722-1729.

[2] G. Keglevich, L. Toke, K. Steinhauser, T. Novak, K. Ludanyi, Phosphorus, Sulfur Silicon Relat.
Elem., 144 (1999) 593-596.

[3] G. Keglevich, J. Kovacs, T. Kortvélyesi, G. Parlagh, T. Imre, K. Ludanyi, L. Hegediis, M. Hanusz,
K. Simon, A. Marton, G. Marosi, L. Téke, Heteroatom Chem., 15 (2004) 97-106.

[4] T. H. Chan, L. T. L. Wong, Can. J. Chem., 49 (1971) 530-531.

[5] K. M. Pietrusiewicz, M. Koprowski, Z. Drzazga, R. Parcheta, E. Lastawiecka, O. M. Demchuk,
I. Justyniak, Symmetry, 12 (2020) 346.

66 Konwersatorium Krystalograficzne, Warsztaty
202 i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 25-27 VI 2025



B-40

SOLWATOMORFIZM SOLI KWASU FENAMOWEGO
Z. PIRYMETAMINA

Marta S. Krawczyk

Wydziat Farmaceutyczny, Katedra i Zaktad Podstaw Nauk Chemicznych, Uniwersytet
Medyczny im. Piastow Slgskich we Wroctawiu, Borowska 2114, 50-556 Wroctaw

Kwasy fenamowe naleza do klasy niesteroidowych lekéw przeciwzapalnych
(NLPZ) [1]. Grupa ta obejmuje kwasy: mefenamowy, tolfenamowy, flufenamowy,
meklofenamowy 1 niflumowy. Kwas 2-anilinobenzoesowy, zwany réwniez kwasem
fenamowym, jest zwigzkiem macierzystym dla tych kwasow, jednak ze wzgledu na
silne dziatania niepozadane ze strony przewodu pokarmowego nie jest stosowany jako
substancja lecznicza. Stanowi on natomiast substancj¢ modelowa do badan oddziatywan
w krysztatach soli kwaséw fenamowych. Pirymetamina jest substancja wykazujaca
dziatanie gltownie przeciwpierwotniakowe i znajduje zastosowanie w leczeniu malarii
oraz toksoplazmozy [2].

S6l kwasu fenamowego z pirymetaming krystalizuje w postaci dwdch solwatow:
z metanolem i etanolem. W badanych krysztatach wystepuja sieci wigzan wodorowych:
N-H:--O, w ktérych aniony kwasu oddziatujg z kationami pirymetaminy oraz N—H---N,
wystepujace pomigdzy samymi kationami, jak réwniez wigzania wodorowe tworzone
przez kationy 1 aniony z czasteczkami rozpuszczalnikow.

CL13

Rys. 1. Struktury molekularne soli kwasu fenamowego z pirymetaming w dwodch solwatach.
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BADANIA ROZNORODNOSCI FAZ KRYSTALICZNYCH
METACETAMOLU

Izabela Madura', Kamil Krzeminski!, Anna Hoser?, Maura Malinska?,
Marta Dudek?

I Wydziat Chemiczny, Politechnika Warszawska Stanistawa Noakowskiego 3,
00-664 Warszawa
2 Wydziat Chemii, Uniwersytet Warszawski, Ludwika Pasteura 1, 02-093 Warszawa
3 Centrum Badan Molekularnych i Makromolekularnych PAN,
Henryka Sienkiewicza 112, 90-363 LodzZ

Metacetamol jest izomerem strukturalnym paracetamolu, ktory rowniez
wykazuje wlasciwosci przeciwbolowe. Jednakze nie jest on jeszcze wykorzystywany
w przemysle farmaceutycznym z powodu ograniczonej liczby  dotychczas
przeprowadzonych badan. Obecnie znane s3 dwie formy polimorficzne metacetamolu:
forma I, ktora jest stabilna, oraz forma II, ktorg trudno uzyskac.

W ramach prowadzonych badan wykorzystano narzg¢dzia takie jak Mercury
1 ConQuest, a takze Cambridge Structural Database (CSD), w celu analizy
poréwnawczej istniejacych struktur obu substancji oraz zaprojektowania nowych
uktadow  wielosktadnikowych  metacetamolu. Oprocz otrzymania formy 11
metacetamolu w tagodniejszych warunkach temperaturowych oraz metoda roztworowa.
Zwrocono rowniez szczegolng uwage na czysto$¢ substratow pochodzacych z réznych
serii, ktorg potwierdzano metodami PXRD, DSC, HPLC a takze widmami FTIR oraz
NMR. Istotnym osiggnigciem bylo skuteczne otrzymanie uktadu wielosktadnikowego
metacetamolu z kwasem p-toluenosulfonowym, inspirowane analogicznymi uktadami
znanymi dla paracetamolu. Nastepnie zsyntetyzowano trzy nowe uktady z uzyciem
innych pochodnych kwaséw sulfonowych. Otrzymanie nowych faz potwierdzono
z pomoca PXRD. Paracetamol wraz z kwasem p-toluenosulfonowym tworzy sél [1],
jednak w przypadku uktadéw z metacetamolem wykonane widma ssNMR wskazuja ze
otrzymano ko-krysztaty.

Uzyskane wyniki jednoznacznie wskazuja, Zze metacetamol wykazuje duza
zdolnos¢ do tworzenia wieloskladnikowych struktur krystalicznych z kwasami
sulfonowymi. Bioragc pod uwage ich silne wlasciwosci donorowo-akceptorowe oraz
zdolno$¢ do tworzenia stabilnych wigzan wodorowych, kwasy sulfonowe stanowig
szczegolnie obiecujacg grupe substancji, réwniez pod katem ich potencjalnych
zastosowan farmaceutycznych.
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STRUKTURY KRYSTALICZNE WYBRANYCH POCHODNYCH
KATYNONOW

Maria Ksiazek!, Piotr Kus?, Joachim Kusz!, Marcin Rojkiewcz?

! Instytut Fizyki, Uniwersytet Slgski, ul. 75 Putku Piechoty 1, 41-500 Chorzéw
2 Instytut Chemii, Uniwersytet Slgski, ul. Szkolna 9, 40-006 Katowice

Popularno$¢ nowych zwigzkéw psychoaktywnych w ciggu ostatnich lat
znaczaco wzrosta. Co roku na rynku pojawia si¢ wiele nowych zwigzkow tego typu.
Z informacji podanych przez Biuro Narodéw Zjednoczonych do spraw Narkotykow
1 Przestepczosci (UNODC) wynika, ze pod koniec 2024 pojawilo si¢ okoto 400 nowych
substancji psychoaktywnych, z czego ponad 200 wykryto w Europie [1]. Tego typu
substancje sg coraz bardziej popularne wsréd mlodych ludzi, poniewaz stanowig one
alternatywe¢ dla zwigzkow oficjalnie uznanych za nielegalne. Jednakze bardzo czgsto
uzywanie ich wigze si¢ z powaznymi zagrozeniami dla zdrowia i zycia.

Rynek nowych substancji psychoaktywnych obejmuje wiele grup zwigzkow
chemicznych. Wséréd  zwigzkéw o  dziataniu  pobudzajagcym  najbardziej
rozpowszechniong grupa sa syntetyczne pochodne katynonéw, ktére od wielu lat sa
obecne na rynku tak zwanych ,,dopalaczy”. Wprowadzane modyfikacje chemiczne do
struktury katynonu stanowiag wyzwanie nie tylko dla toksykologéw, lekarzy, ale
1 funkcjonariuszy organdéw $cigania. Syntetyczne katynony sg podobne do amfetamin —
jedyna ro6znicg miedzy syntetycznym katynonem a odpowiadajaca mu amfetaming jest
obecnos¢ (w katynonie) grupy karbonylowej w pozycji f wzgledem grupy aminowe;.
Z tego powodu syntetyczne katynony nazywane sa P—keto-amfetaminami i majg
dziatanie pobudzajace na osrodkowy uktad nerwowy.

Badane probki zostaty dostarczone przez organy S$cigania jako materiaty
skonfiskowane na nielegalnym rynku narkotykowym. Pochodne katynonow
analizowano réznymi metodami, w tym rentgenowskimi, monokrystalicznymi
metodami strukturalnymi [2-5].
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Badania koncentruja si¢ na wspotkrystalizacji kwasu cyjanurowego oraz
4-merkaptopirydyny — dwoch zwigzkéw o istotnym znaczeniu w chemii
supramolekularnej i nauce o materiatach. 4-merkaptopirydyna to aromatyczny tiol,
powszechnie stosowany jako sonda w powierzchniowo wzmocnionej spektroskopii
Ramana (SERS). Dzigki obecnosci grup tiolowej i pirydylowej, ktére moga
uczestniczy¢ w roéznorodnych oddziatywaniach niekowalencyjnych, zwiazek ten
znajduje zastosowanie m.in. w optyce, czujnikach oraz ogniwach stonecznych. Z kolei
kwas cyjanurowy (1,3,5-triazyna-2,4,6-triol) jest trojfunkcyjnym heterocyklem
azotowym, wykorzystywanym jako prekursor w chemii polimeréw. Podobnie jak
4-merkaptopirydyna, wystepuje on w dwoch formach tautomerycznych.

W ramach przeprowadzonych badan, w wyniku jednej krystalizacji udato si¢
otrzyma¢ trzy rézne kokrysztalty, w tym wuklad polimorficzny. Proces ten
przeprowadzono w specyficznych warunkach — probki poczatkowo poddano
napromieniowaniu promieniowaniem UV, a nastgpnie przechowywano w ciemnosci.
Wszystkie  uzyskane  struktury sa  stabilizowne dzigki  oddziatywaniom
miedzyczasteczkowym, w szczegdlnosci wigzaniom wodorowym.

SH S
X
~— | |
/
N N
H

Rys. 1. Formy tautomeryczne 4-merkaptopirydyny.
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Geminalne dibromometylopochodne zwiazkéw organicznych sa niezwykle
przydatnymi substratami podczas syntez miedzy innymi aromatycznych aldehydow [1],
aromatycznych imin [2], aromatycznych acetali [3] lub materiatow polimerowych,
takich jak poli(fenylenowinylen) [4] i jego pochodnych z fumaronitrylem [5].

Przeprowadzone dotychczas badania dotyczyly zalezno$ci migdzy strukturami
bromowanych prostych czasteczek o podobnej budowie, ich rozmieszczeniem
w komorce elementarnej a wystgpowaniem oddziatywah miedzyczasteczkowych
z udziatem atomoéw bromu w ciele statym. Pierwszymi, analizowanymi w ten sposob
zwigzkami byt bromometylobenzen i jego pochodne, wszystkie izomery ksylenu,
durenu oraz izodurenu [6], a takze pochodne bis(bromometylo)naftalenu [7]. Nastepnie
badania zostaly poszerzone o zwiazki, w ktérych atom bromu jest rowniez bezposrednio
przytaczony do aromatycznych atomoéw wegla w pochodnych benzenowych, co
pozwolitlo zaobserwowa¢ oddzialywania typu Br---Br oraz H:---Br w tego rodzaju
uktadach [8, 9]. Przeprowadzono réwniez analiz¢ oddzialywan migdzyczasteczkowych
w strukturach krystalicznych dla wybranych pochodnych benzenu oraz naftalenu
z co najmniej jedng grupg dibromometylowa w czasteczce [10].
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Even if two enantiomers have many identical properties such as melting point,
boiling point or density, they exhibit opposite optical activity and the biological properties
are often different. In this sense, chirality is important in biology where chiral drug
molecules of one enantiomer can be the active pharmaceutical ingredient, whereas the
other one is less active or, in the worst case, harmful. Thus, the pharmaceutical industry
exhibits a large interest in drugs based only on the pharmaceutically active enantiomer.
In this context, it is a matter of safety to obtain the active enantiomer to be sure that the
suitable enantiomer is used in drugs. The ways of achieving it require specific conditions
that need investigations. It is well known that racemic mixtures (50/50 ratio between R
and S) can be separated by chiral separation or resolution if they crystallize as a
conglomerate, (i.e. physical mixture of enantiopure R and S crystals) because it offers the
possibility to partially crystallize only one of the two enantiomers. At the end of these
processes, it is possible to obtain pure or nearly pure R or S crystals by crystallization of
one of the enantiomers from a racemic solution. This method, called preferential
crystallization (or chiral resolution through entrainment) is commonly used in the
industry, while precise working conditions, like solubility data and maximum
supersaturation need to be determined for each racemic system. The major issue with this
method is that a conglomerate is required, however, only 5 to 10% of the racemic mixtures
crystallize as conglomerates [1]. The other 90 to 95% are represented by the formation of
a racemic compound, where both enantiomers are present in the crystal lattice.
Unfortunately, chiral separation is not possible if a racemic compound is present, meaning
that for 90% of the racemic mixtures, there is a need to adjust the system in such a way
that it will crystallize as a conglomerate. Such system can be formed by different
approaches, such as cocrystals, solvates, salts formation or chemical modifications. It was
shown that such modification can be achieved on chlocyphos, a chiral molecule.
Chlocyphos enantiomers are of great interest as several cyclic phosphoric acid are used
as effective resolving agent in preparing optically pure amines. This molecule crystallizes
as a racemic compound but after a salt screening, the formation of a conglomerate has
been emphasized with the formation of a salt with certain alkyl amines [2]. Polymorphism
(in the powder) has also been spotted for the propylammonium salt, which constitute
another problematic of this project. In doing so, this work will be focused on the
crystallization of the propylammonium salt of (RS)- and (S)- Chlocyphos under different
crystallization conditions. Those conditions are very important because they can lead to
different polymorphs and help for the formation of conglomerates. Throughout this work,
the solvent seems to play a major role in the crystallization. Indeed, (RS)- and (S)-
Chlocyphos salts show different behaviors depending on the crystallization solvent.
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Alcohols and water have been tested because of their good solubility of the chlocyphos
salts [2]. Forms A and B of the (S)- Chlocyphos salt have been spotted, respectively in
pure ethanol (or iso-propanol) and in a mixture of ethanol-water. This polymorphism is
important since once the appropriate enantiomer is obtained, it will be necessary to obtain
the wanted form to facilitate the chiral separation. The conglomerate (RS)- Chlocyphos
has been obtained in a previous study in methanol, which has not yet been reproduced [3].
However, two other forms can be obtained (I and II) in ethanol or iso-propanol
respectively in a slurry. Only one of those stable forms has been obtained as a single
crystal for now. A similar single crystal has been obtained but might be prone to
conformational polymorphism relative to the first one [4]. After obtaining single crystal,
an accurate structure determination by Single Crystal X-ray Diffraction Measurement can
be performed, emphasizing the different crystal packing. Then, it will be possible to
calculate the reticular energies of the different crystal structures (CRYSTAL calculations)
and thus assess to the relative stability of the different forms.

This poster aims at gaining insight on the crystallization of the propylammonium

salt of (RS)- and (S)- Chlocyphos (Fig. 1).

- H

L/ N

d o I
H

Salt formation

—

Polymorphism

(S)- Chlocyphos
propylammonium salt

Fig. 1. Visual representation of the studied systems. At the top: the chlocyphos derivatives (R and S) with and
without the propylammonium. The asterisk represents the (R)- and (S)- forms Chlocyphos. In the middle, the two
possibilities for salt formation (conglomerate or racemic compound). At the bottom, the polymorphism of
the (S)- Chlocyphos propylammonium is shown.
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The well-known chemical groups whose derivatives are widely studied in terms of
microbiological activity include benzimidazole, hydrazine, thiosemicarbazide and
triazoles. Benzimidazole derivatives are widely used in medicine [1]. One of the well-
known hydrazine derivatives is nifuroxazide, known in the treatment of gastrointestinal
infections, which also exhibits anticancer properties [2]. Thiosemicarbazide derivatives
exhibit antitubercular activity [3] similarly to triazole derivatives [4]. Picoline and
piperazine derivatives are known as DNA intercalators [5,6]. The following study
presents the analysis of the structures and microbiological activity of selected
benzimidazole, hydrazine, thiosemicarbazide and thiazole derivatives in combination
with a (4-phenylpiperazin-1-yl)picolinohydrazonamide group.
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Despite an over 100-year history, the term hydrogen bonding is of enduring
interest. Hydrogen bonds (HBs) are the driving force for organocatalytic reactions,
the formation of transition metal complexes, drug protein interactions, and the assembly
of biological structures, such as proteins and the DNA duplex [1,2]. Diffraction methods
are crucial for determining molecular structures and providing parameters that define
HBs.

X-ray diffraction methods are much more accessible and, therefore, more popular
than neutron diffraction for structural characterization. However, the hydrogen atoms are
more accurately determined by neutron diffraction than by X-rays. It was pointed out that
the neutron approach finds that the protons’ positions shifted by about 0.13— 0.15 A
compared to the H-atom locations found by high-resolution X-ray techniques [3]. The
reason for such a difference is that the neutron diffraction techniques provide information
On the positions of nuclei. In contrast, X-ray techniques provide information on the
approximate maxima of electron density. On the other hand, a collection of high-
resolution SCXRD data (d < 0.6 A) facilitates the estimation of the positions of hydrogen
atoms engaged in the intraHBs using Hirshfeld Atom Refinement (HAR),
which combines theoretical and experimental data [4].

Here, we reported the crystal structure of a 3-(diethoxyphosphoryl)-1,2-
dihrydroquinolin-4-ol derivative determined using the single-crystal X-ray diffraction
method and neutron diffraction data. Results obtained from X-ray and neutron
diffractions are compared to those obtained by Hirshfeld Atom Refinement (HAR).
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Electron Diffraction can be a powerful addition to the toolkit of any modern
crystallographer. By utilizing the strong interaction between incident electrons and
electrostatic potential, it can be used to probe microcrystals invisible to optical lenses
and X-ray diffraction alike. Despite requiring very limited sample quantities, it was
repeatedly shown to produce reliable structures of MOFs, pharmaceuticals or proteins
on a piece of equipment more accessible than a synchrotron or free-electron laser [1,2].

During the development of 3D ED, many of its issues were identified and
circumvented. Low coverage, radiation damage, or dynamical scattering were addressed
by improving crystal tracking, introducing new experimental routines, or employing
shutterless serial collection methods [3-5]. Many of these were first tested and
implemented in the Python-based program Btic [6]. The software, developed to
automate the collection of electron diffraction data, features a robust RESTful client-
server architecture that allows for seamless integration of many common electron
microscopes and cameras. However, due to its rapid centralized development, some of
its recent routines prioritize scientific advancement over interoperability or verifiability.
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Fig. 1. A symbolic representation of Instamatic’s internal structure. With experimental hardware (left)

and protocols (right) decoupled, the same protocols e.g. cRED can be seamlessly executed on different

hardware. Introducing a new protocol, such as serial precession-assisted electron diffraction studied in
this project, requires then only knowledge of the existing, well-defined interface.
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This work aims to develop a generalized experimental framework for serial ED
experiments. By adapting existing algorithms and coupling them with new detection,
tracking, and measurement methods, we hope to produce a piece of software capable of
running state-of-the-art serial collection protocols on a large variety of available
electron microscopes. Specifically, we plan to test the applicability of simple serial
precession-assisted electron diffraction to racemic conglomerates and particularly
damage-prone metal-organic frameworks.
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Here we document the preliminary experimental results obtained thanks to
technical improvements introduced in Instamatic. Certain generalizations made to the
program core structure and interface are shown. Updates to selected bindings and
interfaces, in particular the FEI Tecnai microscopes and ASI detectors, are presented.
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The aim of the performed research was a detailed analysis the hydrogen bonds
and week non-covalent interactions in crystal lattices of chromone analogues condensed
with 1,2,3-triazole. For this purpose, structural motifs were determined and Hirshfeld
surface analysis was performed [1]. We performed also the calculation of energy
frameworks to better understanding the forces determining the packing of molecules in
the crystal lattice [1]. Additionally, QTAIM analysis was performed, for calculating the
energy interaction between two neighbouring molecules forming different motifs [2].
The results are presented with respect to NCI analysis [3].

At this year's conference the above analysis concerns two compounds:

I: 3-(1-((2-(4-ethyl-1H-1,2,3-triazol-1-yl)ethyl)amino)ethylidene)chromane-2,4-dione,
II: 3-(((2-(4-ethyl-1H-1,2,3-triazol-1-yl)ethyl)Jamino)(phenyl)methylene)chromane-2,4-
dione).

Fig. 1. a) Arrangement of the highest total energies in crystal structure (compound II), b) NCI plot for the
interactions with the highest energies in compound II.
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Badania w oparciu o metody chemii teoretycznej zostaly wykonane dla dwéch
wybranych pochodnych tiazolowych: 2-(E)-[(5-metylotiazolo-2-ylimino)metylo]fenolu
oraz 1-(E)-[(5-metylotiazolo-2-ylimino)metylo]naftalen-2-olu [1] (Rysunek 1) w fazie
gazowej, z uwzglednieniem ciaggltego modelu rozpuszczalnikowego (IEF-PCM) oraz
w fazie krystalicznej. Badane zwiazki zawieraja wewnatrzczasteczkowe wigzanie
wodorowe, ktore zaliczane jest do wigzan wodorowych wspomaganych rezonansem
(RAHB), co wptywa na ich stabilnos¢ termodynamiczng [2]. Jak wynika z danych
literaturowych, zwiagzki te wykazuja polimorfizm konformacyjny, ktéry jest efektem
obecnosci ptaskiego pierscienia tiazolowego poltaczonego z grupg iminowsa i mozliwosci
jego rotacji. W celu opisu wilasciwosci metrycznych, spektroskopowych i struktury
elektronowej, zastosowano Teori¢ Funkcjonatu Gestosci (DFT) [3] oraz metode
dynamiki molekularnej wedtug schematu Cara i Parrinello (CP-MD) [4]. Na podstawie
otrzymanych wynikéw badan oszacowano wysokos$ci barier energetycznych w reakcji
przeniesienia protonu w mostku wodorowym. Zastosowanie metody CP-MD umozliwito
otrzymanie charakterystyki zmian potozenia protonu w mostku wodorowym w funkcji
czasu. Otrzymano roéwniez teoretyczne widma podczerwieni. Symulacje w fazie
krystalicznej dostarczyly informacji o wplywie polimorfizmu na sie¢ oddziatywan
o charakterze niekowalencyjnym.

b4

Wewnatrzczasteczkowe
wigzanie wodorowe
/ Mozliwa rotacja

plericienia =g,

‘e,

Rys. 1. Struktury wybranych zasad Schiffa w oparciu o [1].
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66 Konwersatorium Krystalograficzne, Warsztaty
i Sesja Sekcji Mtodych Krystalograféw PTKryst, Wroctaw 25-27 VI 2025 215



B-50

Literatura

[1] N. Phukan, J. B. Baruah, Cryst. Growth Des., 15 (2015) 1843.
[2] A. Filarowski, J. Phys. Org. Chem., 18 (2005) 686.

[3] P. Hohenberg, W. Kohn, Phys. Rev., 136 (1964) B864-B871.
[4] R. Car, M. Parrinello, Phys. Rev. Lett., 55 (1985) 2471.

66 Konwersatorium Krystalograficzne, Warsztaty

216 i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 25-27 VI 2025



B-51

A NEW HIGH-PRESSURE PHASE OF N-BUTANOL AND ITS
STRUCTURAL RELATIONSHIP WITH
THE LOW-TEMPERATURE STRUCTURE

Szymon Sobczak

Materials Chemistry Department, Adam Mickiewicz University,
Uniwersytetu Poznanskiego 8, 61-614 Poznan

The amphiphilic molecule n-butanol (C4HoOH), despite its industrial relevance
and long-standing chemical importance, has long posed experimental challenges due to
its pronounced tendency to form amorphous states under cooling or compression. In this
study, we present the single-crystal investigations of n-butanol conducted under both low-
temperature and high-pressure conditions, enabled by in situ crystallization within a glass
capillary and in a diamond anvil cell, respectively.

At ambient pressure and low temperature, n-butanol crystallizes in the triclinic
space group P1 (phase a) [1,2]. The asymmetric unit contains two symmetry-independent
molecules, A and B (Z' = 2). These molecules form O-H:--O chains closely
approximating 2; screw axis symmetry linking the alternating molecules A and B along
the [100] direction. The compression above 1.2 GPa yield another form of butanol (phase
) of the monoclinic space group P21/n, with three independent molecules (2’ = 3). In the
structure, two distinct hydrogen-bonding chains are apparent: one composed of molecules
A and C related by glide symmetry, and another formed solely by molecules B around
a 21 screw axis.

Although differing in the conditions where they were obtained, both phases retain
a similar aggregation motif, with H-bond chains in both forms formed by two independent
molecules. This indicates a common mechanism for the formation of the pre-associated
molecular clusters [3]. The emergence of Z' > 1 in both structures underscores the
influence of conformational frustration and directional intermolecular forces in shaping
molecular packing under varying thermodynamic constraints [4].

Fig. 1. Structure of two polymorphs of n-butanol: (a) low-temperature phase o, and
(b) high-pressure phase f.
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XRD ANALYSIS OF CARBON-BASED MATERIALS FOR SYNGAS
PRODUCTION VIA THE GASIFICATION PROCESS

Uzeru Haruna Kun, Ewelina Ksepko

Politechnika Wroctawska, Department of Engineering and Technology of Chemical
Processes

e-mails: uzeru.haruna@pwr.edu.pl, ewelina.ksepko@pwr.edu.pl

The physicochemical characteristics of the feedstock have a significant impact on
the composition and efficiency of syngas generated during gasification. Through
proximate and ultimate analysis, the volatile, moisture, fixed carbon, ash content, and
elemental composition can be determined. In this study, we analysed raw and ash from
different waste materials to assess their gasification potentials. Scanning electron
microscopy (SEM) and X-ray diffraction (XRD) were employed to determine the
materials' morphological and structural characteristics. The basis of this is to provide
insight into the properties of the ash by investigating their catalytic properties and
downstream application. As it is known, compounds of alkaline and alkaline earth metals
such as sodium, potassium, calcium, and others have catalytic properties, which were
found in the samples. This information is significant as it will help in maximizing or
adjusting process conditions for higher quality syngas production.
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ELECTRON DIFFRACTION STUDIES AT CRYOMICROSCOPY
AND ELECTRON DIFFRACTION CORE FACILITY

Szymon Sutula', Tomasz Géral!, Krzysztof Wozniak!>3

I Cryomicroscopy and Electron Diffraction Core Facility, Centre of New Technologies,
University of Warsaw, Banacha 2C, 02-097 Warsaw, Poland
2 Biological and Chemical Sciences Research Centre, University of Warsaw,
Zwirki i Wigury 101, 02-089 Warsaw, Poland
3 Department of Chemistry, University of Warsaw, Pasteura 1, 02-093 Warsaw, Poland

Cryomicroscopy and FElectron Diffraction Core Facility is established in the
University of Warsaw and is equipped with transmission electron microscope — the
200kV Glacios with a Falcon3EC camera and a phase plate solution. While it was initially
dedicated to provide biological structures with cryo-EM technique, it allows to perform
electron diffraction experiments as well.

Our electron diffraction studies are focused on single crystals and usually concern
compounds that do not provide crystal of sufficient size for X-ray diffraction. Even
though the micro-ED technique is quite new and faces a few challengers, it might be a
perfect choice to determine the structure if only the micro-sized crystals are available. We
typically use kinematical approach with extinction correction to account for the
dynamical effects and allow H-atom to refine their parmeters with as few constraints and
restraints as possible. Example molecule from a model refined in such a way and based
on sample with only microcrystals available is shown in Fig. 1.

We would like to show a range of offered services and the research possibilities
of our Core Facility regarding the electron diffraction studies. With the open-access
policy we welcome users from national and international academic institutions as well as
industry.

Authors wish to acknowledge Cryomicroscopy and Electron Diffraction Core
Facility located at Centre of New Technologies, University of Warsaw for collecting the
electron diffraction data.

Fig. 1. One of the solved structures based on micro-ED microcrystal experiment.
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APPLICABILITY OF HIRSHFELD ATOM REFINEMENT FOR
ESTABLISHING THE NATURE OF CHEMICAL BONDS

Lukasz Cieszynski, Joanna Krzeszczakowska, Anna Makal

Wydziat Chemii Uniwersytetu Warszawskiego, ul. Pasteura 1, 02-293 Warszawa

Accurate description of the character of chemical bond is essential for describing
properties of a chemical compound and rational design of functional materials. In
systems where conjugation, delocalization, or resonance effects are present,
distinguishing between different bond orders becomes especially important, as subtle
structural differences can lead to markedly different chemical behavior.

Hirshfeld Atom Refinement (HAR) [1] has recently gained recognition as a
powerful quantum crystallography tool for advanced crystal structure and electron
density interpretation. However, its utility has been explored almost exclusively for
determination of accurate and precise hydrogen atom positions from X-ray diffraction
experiments, neglecting other features of crystal structures and molecular
wavefunctions. Here we compare applicability of HAR and Transferable Aspherical
Atom Model (TAAM) [2,3] quantum crystallography tools to establish the nature of
chemical bonds in a series of 5 quinone-like compounds, known for their single-double
bond alternation. Crystal structures were determined based on standard SC-XRD
experiments and refined initially using Independent Atom Model (IAM) and then with
both above approaches as implemented in Olex2 [4].

We analyzed statistical model parameters (Ri,wR2, GoF), molecular geometries
and Atomic Displacement Parameters resulting from each set of refinements as well as
conducted topological electron density analysis. HAR results are shown to adequately
reproduce the single-double bond alternation, while TAAM, utilizing pseudoatom
parameters averaged over a large number of chemicals does not perform as well in that
specific instance.

b

Fig. 1. Examined quinone-like systems (left), deformational electron density obtained from HAR (right).
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Marek Adaszynski Mgr inz. Instytut Niskich Temperatur i Badan
Strukturalnych im. Wtodzimierza
Trzebiatowskiego PAN we Wroctawiu

Jakub Al Samarrai Megr inz. Labsoft Sp. z o.0.

Bugra Atam Undergraduate Uniwersytet im. Adama Mickiewicza
w Poznaniu

Piotr Jozef Bardzinski Dr Politechnika Wroctawska

Bozhena Barnetska Studia | stopnia  Uniwersytet Wroctawski

Elzbieta Bartoszak- Dr hab. Uniwersytet im. Adama Mickiewicza

Adamska w Poznaniu

Tamara Bednarchuk Dr Instytut Niskich Temperatur i Badan
Strukturalnych im. Wtodzimierza
Trzebiatowskiego PAN we Wroctawiu

Anna Ben Megr Uniwersytet todzki

Agata Biatoriska Dr hab. Uniwersytet Wroctawski

Julia Bilakiewicz Studentka 3. roku Uniwersytet Wroctawski

studiéw | stopnia

Oliwia Bobinska Lic. Uniwersytet todzki

Patryk Borowski Megr Uniwersytet Warszawski

Emilia Bronikowska Lic. Uniwersytet Mikotaja Kopernika w Toruniu

Iwona Bryndal Dr Uniwersytet Medyczny im. Piastow
Slaskich we Wroctawiu

Marta Monika Brzezinska Mgr inz. Politechnika Wroctawska

Krzysztof Brzezinski Dr hab. Instytut Chemii Bioorganicznej PAN
w Poznaniu

Armand Budzianowski Dr Narodowe Centrum Badan Jadrowych
w Otwocku

Grzegorz Bujacz Prof. dr hab. Politechnika tddzka

Anna Bujacz Dr hab. Politechnika tédzka

Karolina Bukata Megr Uniwersytet Wroctawski

Sonia Steven  Busigara Undergraduate Uniwersytet im. Adama Mickiewicza
w Poznaniu

Lilianna Checinska Dr hab. Uniwersytet £tédzki

Patrycja Chmielewska Megr Narodowy Instytut Lekow

Jarostaw Chojnacki Prof. dr hab. Politechnika Gdanska

Karolina Cichocka Lic. Uniwersytet Kardynata Stefana
Wyszynskiego w Warszawie
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Arkadiusz Ciesielski Dr Uniwersytet Warszawski

tukasz Cieszynski Lic. Uniwersytet Warszawski

Bartosz Ciesla Mgr inz. Politechnika Gdanska

Patryk Czapnik Mgr Uniwersytet £tédzki

Marek Daszkiewicz Dr hab. Instytut Niskich Temperatur i Badan
Strukturalnych im. Wtodzimierza
Trzebiatowskiego PAN we Wroctawiu

Magdalena Datta Megr inz. Uniwersytet Gdanski

Jakub Dabrowski Student studidw  Politechnika Gdanska

inzynierskich

Aleksandra Deptuch Dr Instytut Fizyki Jadrowej im. Henryka
Niewodniczanskiego PAN w Krakowie

Thomas Doert Prof. dr hab. Technische Universitat Dresden, Germany

Jan Dorna Student Uniwersytet im. Adama Mickiewicza
w Poznaniu

Michat Duda Dr Uniwersytet Jagiellonski w Krakowie

Maciej Ejnik InZ. Politechnika Gdanska

Julia Fiszer Mgr Uniwersytet Wroctawski

Michat Gacki Dr Politechnika tédzka

Emilia Ganczar Dr Uniwersytet Wroctawski

Anna Gagor Dr hab. Instytut Niskich Temperatur i Badan
Strukturalnych im. Wtodzimierza
Trzebiatowskiego PAN we Wroctawiu

Miroslaw Gilski Dr hab. Uniwersytet im. Adama Mickiewicza
w Poznaniu

Marek Gnypek Mr SCANMAT

Mateusz Gotdyn Dr Uniwersytet im. Adama Mickiewicza
w Poznaniu

Tomasz Goral Dr Uniwersytet Warszawski

Piotr Gunka Dr hab. Politechnika Warszawska

Marek Gusowski Dr Politechnika Wroctawska

Andrzej Gzella Prof. dr hab. Uniwersytet Medyczny im. Karola
Marcinkowskiego w Poznaniu

Zofia Hajdaczuk Student | stopnia Uniwersytet Wroctawski

Uzeru Haruna Mgr Politechnika Wroctawska

Katarzyna Helios Drinz. Politechnika Wroctawska

Felix Hennersdorf Dr Rigaku

Krzysztof Herman Labsoft Sp. z o.0.

Monika Hryniuk Lic. Uniwersytet Wroctawski

Mitosz Huber Dr Uniwersytet Marii Curie-Sktodowskiej
w Lublinie

Valeryia Hushcha Megr Uniwersytet todzki

Piotr Jakieta Megr Malvern Panalytical
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Natasza Jakubik InZ. Uniwersytet Warszawski

Jan Janczak Prof. dr hab. Instytut Niskich Temperatur i Badan
Strukturalnych im. Wtodzimierza
Trzebiatowskiego PAN we Wroctawiu

Sabina Jaros Dr Uniwersytet Wroctawski

Weronika

Adam Kabanski Mgr inz. Instytut Niskich Temperatur i Badan
Strukturalnych im. Wtodzimierza
Trzebiatowskiego PAN we Wroctawiu

Karolina Katdunska Dr Uniwersytet Mikotaja Kopernika w Toruniu

Daniel Michat Kaminski Dr hab. Uniwersytet Marii Curie-Sktodowskiej
w Lublinie

Julia Kamysz student Uniwersytet Warszawski

Zbigniew Karczmarzyk Dr hab. Uniwersytet w Siedlcach

Zbigniew Kaszkur Prof. dr hab. Instytut Chemii Fizycznej PAN
w Warszawie

Oskar Kaszubowski Mgr Uniwersytet Wroctawski

Andrzej Katrusiak Prof. dr hab. Uniwersytet im. Adama Mickiewicza
w Poznaniu

Michat Kazmierczak Dr Uniwersytet im. Adama Mickiewicza
w Poznaniu

Martyna Kazmierczak brak Akademia Gérniczo-Hutnicza im.
Stanistawa Staszica w Krakowie

Vasyl Kinzhybalo Dr Instytut Niskich Temperatur i Badan
Strukturalnych im. Wtodzimierza
Trzebiatowskiego PAN we Wroctawiu

Andrzej Kochel Dr hab. Uniwersytet Wroctawski

Karol Kopec Inz. Akademia Gérniczo-Hutnicza im.
Stanistawa Staszica w Krakowie

Oleksandr Korolevych Dr Instytut Niskich Temperatur i Badan
Strukturalnych im. Wtodzimierza
Trzebiatowskiego PAN we Wroctawiu

Adrian Kowalinski Mgr inz. Politechnika Wroctawska

Krzysztof

Dorota Anna  Kowalska Dr Instytut Niskich Temperatur i Badan
Strukturalnych im. Wtodzimierza
Trzebiatowskiego PAN we Wroctawiu

Andrzej Kowalski Dr Rigaku

Anna Kozakiewicz- Dr Uniwersytet Mikofaja Kopernika w Toruniu

Piekarz

Anna Koziot Prof. dr hab. Uniwersytet Marii Curie-Sktodowskiej
w Lublinie

Jacek Krawczyk Dr hab. Uniwersytet Slaski w Katowicach

Marta Krawczyk Dr Uniwersytet Medyczny im. Piastow
Slaskich we Wroctawiu
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Monika Krawczyk Dr Uniwersytet Wroctawski

Aleksandra Krupinska Lic. Uniwersytet Wroctawski

Anna

Kamil Krystian Krzeminski Inz. Politechnika Warszawska

Szymon Krzywda Dr hab. Uniwersytet im. Adama Mickiewicza

Hubert w Poznaniu

Maria Ksigzek Dr Uniwersytet Slgski w Katowicach

Olga Ksigzkiewicz Megr Uniwersytet todzki

Marta Kubiak Mgr Uniwersytet Wroctawski

Maciej Kubicki Prof. dr hab. Uniwersytet im. Adama Mickiewicza
w Poznaniu

Joachim Kusz Prof. dr hab. Uniwersytet Slgski w Katowicach

Michat Kuzdzat Dr Labsoft Sp. z o.0.

Anna Kwiecien Dr Uniwersytet Medyczny im. Piastow
Slaskich we Wroctawiu

Alexis Leborgne Lic. University of Rouen

Tadeusz Lis Prof. dr hab. Uniwersytet Wroctawski

Alona Luba- Mgr Lviv University

Onufriichuk

Sebastian Machowski Mgr Testchem

Urszula Maciotek Dr Uniwersytet Marii Curie-Sktodowskiej

Izabela w Lublinie

Izabela Madura Prof. dr hab. Politechnika Warszawska

Anna Makal Dr hab. Uniwersytet Warszawski

Marcin Malecki Dr Institute of Organic Chemistry and

Szymon Biochemistry of the CAS

Maura Malinska Dr hab. Uniwersytet Warszawski

Vladyslav Maliuzhenko Mgr Uniwersytet Wroctawski

Magdalena Matecka Dr hab. Uniwersytet todzki

Pablo Martinez-Bulit Dr The Cambridge Crystallographic Data
Centre

Michalina Maszkowska - I LO im. Bolestawa Krzywoustego

Karolina Matuszak Megr inz. Politechnika Wroctawska

Adrian Mermer Dr -

Mathias Meyer Dr Rigaku

Malwina Michatkéw Megr Uniwersytet Wroctawski

Maja Mielcarz Lic. Uniwersytet Mikotaja Kopernika w Toruniu

Natalia Miktuszka Lic. Uniwersytet Wroctawski

Anna Mocarska Megr Narodowy Instytut Lekow

Maja Morawiak Dr Instytut Chemii Organicznej PAN
w Warszawie

Tadeusz Muziot Dr Uniwersytet Mikotaja Kopernika w Toruniu

Dawid Rafat  Natkowski InZ. Politechnika Warszawska
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Katarzyna Niedospiat Inz. Politechnika Warszawska

Dominika Nielipinska Mgr inz. Politechnika tddzka

Maciej Nielipinski Mgr inz. Politechnika tddzka

Wojciech Nitek Dr Uniwersytet Jagiellonski w Krakowie

Elzbieta Nowak Dr hab. Miedzynarodowy Instytut Biologii
Molekularnej i Komérkowej w Warszawie

Przemystaw  Nowak Mgr inz. Centrum Badan Molekularnych
i Makromolekularnych PAN w todzi

Patryk Nowak Mgr inz. Uniwersytet Gdanski

Maurycy Nowak Inz. Uniwersytet Warszawski

Andrzej Olczak Dr hab. Politechnika tédzka

Pawet Otéwek Mgr Rigaku

Marta Orlikowska Dr Uniwersytet Gdaniski

Kacper Pacut Lic. Uniwersytet Slgski w Katowicach

Kacper Paszczyk Lic. Uniwersytet Warszawski

Robert Paszkowski Drinz. Uniwersytet Slgski w Katowicach

Ewa Patyk- Dr Uniwersytet im. Adama Mickiewicza

Kazmierczak w Poznaniu

Oleksii Pavlyuk Dr Lviv University

Anna Pietrzak Dr Politechnika tédzka

Patrycja Piekos Mgr Uniwersytet Wroctawski

Bartosz Pilarski Student Uniwersytet im. Adama Mickiewicza
w Poznaniu

Pawet Piszora Dr hab. Uniwersytet im. Adama Mickiewicza
w Poznaniu

Robert Podgajny Prof. dr hab. Uniwersytet Jagiellonski w Krakowie

Kinga Pokrywka Mgr Instytut Chemii Bioorganicznej PAN
w Poznaniu

Alicja Prezyna Lic. Uniwersytet Warszawski

Grzegorz Prochniak Dr Rigaku

Anna Pyra Dr Uniwersytet Wroctawski

Andrii Pyrih Dr Uniwersytet Medyczny im. Karola
Marcinkowskiego w Poznaniu

Piotr Rejnhardt Dr Uniwersytet Warszawski

Anna Rosa Mgr Sie¢ Badawcza tukasiewicz — Instytut
Chemii Przemystowej im. Profesora
Ignacego Moscickiego w Warszawie

Magdalena Rowinska Mgr Instytut Niskich Temperatur i Badan
Strukturalnych im. Wtodzimierza
Trzebiatowskiego PAN we Wroctawiu

Gracjan Russ Student Uniwersytet im. Adama Mickiewicza
w Poznaniu

Oskar Rzepecki Brak | Liceum Ogdlnoksztatcgce im. Bolestawa
Krzywoustego
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Marcin Sadtowski Mgr Malvern Panalytical

Anna Sadocha Megr Uniwersytet Warszawski

Mane Sahakyan Dr Instytut Niskich Temperatur i Badan
Strukturalnych im. Wtodzimierza
Trzebiatowskiego PAN we Wroctawiu

Bartosz Sekuta Dr hab. Politechnika todzka

Svitlana V. Shishkina Dr SSI Institute for Single Crystals NAS of
Ukraine

Mariia Shyshkina Mgr Instytut Niskich Temperatur i Badan
Strukturalnych im. Wtodzimierza
Trzebiatowskiego PAN we Wroctawiu

Mitosz Siczek Dr Uniwersytet Wroctawski

Tymoteusz Skadorwa Lic. Uniwersytet Wroctawski

Szymon Sobczak Dr Uniwersytet im. Adama Mickiewicza
w Poznaniu

Emilia Sonsala - Uniwersytet Slaski w Katowicach

Zuzanna Spychalska InZ. Politechnika Warszawska

Amelia Stezalska Studentka 2. roku Uniwersytet Wroctawski

studidw | stopnia

Przemystaw  Stec Mgr inz. Rigaku

Szymon Stolarek Megr inz. Xenocs SAS

Jarostaw Sukiennik Megr inz. Politechnika tddzka

Szymon Sututa Dr Uniwersytet Warszawski

Kinga Suwinska Prof. dr hab. Uniwersytet Kardynata Stefana
Wyszynskiego w Warszawie

Karol Synoradzki Dr hab. Instytut Fizyki Molekularnej PAN
w Poznaniu

Przemystaw  Szklarz Dr Uniwersytet Wroctawski

Katarzyna Slepokura Dr hab. Uniwersytet Wroctawski

Daniel Tchon Dr Institute of Physics, Czech Academy of

Mariusz Sciences, Prague, Czech Republic

Pawet Tomaszewski Dr Instytut Niskich Temperatur i Badan
Strukturalnych im. Wtodzimierza
Trzebiatowskiego PAN we Wroctawiu

Magdalena Urbanowicz Dr Narodowy Instytut Lekow

Kamil Urbanski Mgr inz. Anton Paar Poland

Emilia Wiatr Lic. Uniwersytet Jagiellonski w Krakowie

Magdalena Wietrzynska InZ. Politechnika Wroctawska

Jakub Wojciechowski  Dr Rigaku

Andrzej Wojtas Dr PROTO Manufacturing Europe

Krzysztof Wozniak Prof. dr hab. Uniwersytet Warszawski

Mateusz Wozniak Inz. Politechnika todzka
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Piotr Wozniak Dr Instytut Niskich Temperatur i Badan
Strukturalnych im. Wtodzimierza
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Patryk Wrébel - SCANMAT

Karol Wydra Megr Uniwersytet Wroctawski

Waldemar Wysocki Dr Uniwersytet w Siedlcach

Anna Zep Dr Sie¢ Badawcza tukasiewicz — Instytut
Chemii Przemystowej im. Profesora
Ignacego Moscickiego w Warszawie

Marta Zezula Drinz. Sie¢ Badawcza tukasiewicz — Instytut
Chemii Przemystowej im. Profesora
Ignacego Moscickiego w Warszawie

Marcin Ziobro Mgr Uniwersytet Wroctawski

Weronika Zidtek Student Instytut Niskich Temperatur i Badan
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Aleksandra Zwolenik Megr Uniwersytet Warszawski
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