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KORELACJA STRUKTURY I WEASCIWOSCI
SPEKTROSKOPOWYCH PLASKO-KWADRATOWYCH
DIKARBONYLOWYCH KOMPLEKSOW RODU(I)

Kacper Paszczyk!, Vitali Stsiapural, Kinga Potempa', Radoslaw Kaminski',
Katarzyna N. Jarzembska!, Alice Brink?

I Wydziat Chemii Uniwersytetu Warszawskiego, ul. Zwirki i Wigury 102,
02-089 Warszawa
? Department of Chemistry, University of the Free State, Bloemfontein 9301,
South Africa

Kompleksy metali przejsciowych moga wykazywacé interesujace wilasciwosci
fotofizyczne, ktore w stanie statym s3 czgsto silnie zalezne od oddzialywan
migdzyczasteczkowych, w tym oddzialywan metalofilowych [1,2]. Celem projektu byto
zbadanie dwoch nowych dikarbonylowych kompleksow rodu(I) z ligandem typu zasady
Schiffa zawierajacych grupe nitrowa w pozycji para (L1) oraz meta (L2) (Rys.1a).

Zwigzek L1 krystalizuje w grupie przestrzennej P1, a obniZenie temperatury nie
powoduje jakosciowych zmian struktury. Z kolei L2 w temperaturze pokojowej
krystalizuje w grupie P2i/c, a w jego strukturze krystalicznej mozna wyr6zni¢ kolumny
stabilizowane oddzialywaniami m —m oraz metalofilowymi (Rh---Rh). Ponizej
temperatury okoto 240 K obserwuje si¢ zroznicowanie odleglosci Rh---Rh migdzy
czasteczkami w kolumnach, a w konsekwencji obnizenie symetrii do P1. Odlegtosci
migdzy atomami metalu, zarowno w dimerach dla L1, jak 1 w stosach dla L2, sg krotsze
od sumy promieni van der Waalsa.

Pomiary absorpcji UV—-Vis wykonane dla monokrysztalow w temperaturze
pokojowej 1 cisnieniu atmosferycznym wykazaly, ze pasmo absorpcji zwigzku L2 jest
przesunigte ku czerwieni wzgledem L1 oraz wykazuje zalezno$¢ od polaryzacji $wiatta
(~530 nm). Efekt ten mozna wigza¢ z obecnoscig jednowymiarowych motywow
strukturalnych stabilizowanych oddzialywaniami metalofilowymi. Badania absorpcji
przeprowadzono réwniez dla monokrysztalow obu zwigzkéw umieszczonych
w kowadetkach diamentowych. Zaobserwowano wyrazne przesuni¢gcie pasm
absorpcyjnych ku czerwieni, czemu towarzyszyla zmiana barwy krysztatow
z pomaranczowej na czarng (Rys. 1b).

Planowane sg dalsze badania, obejmujace pomiary dyfrakcji rentgenowskiej
krysztaldéw w warunkach wysokiego ci$nienia oraz obliczenia teoretyczne, ktdre pozwola
na bardziej szczegdtowq analize zaleznos$ci miedzy wlasciwosciami spektroskopowymi,
a strukturg badanych kompleksow.

67 Konwersatorium Krystalograficzne, Warsztaty
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Rys. 1. a) Schematyczne przedstawienie badanych zwigzkoéw. b) Badane krysztaly na szkietku
mikroskopowym oraz w komorze diamentowej podczas badan absorpcji UV-VIS.

Literatura

[1] J. Slinker, D. Bernards, P. Houston, H. Abruiia, S. Bernhard, G. Malliaras, Chem. Commun. 9 (2003)
2392.

[2] V. Syamala, P. Borowski, L. Bosman, K. Potempa, D. Paliwoda, K. Korona, P. Laski, R. Kaminski,
D. Kama, A. Roodt, A. Brink, K. Jarzembska, J. Mater. Chem., 13 (2025) 15634—15644.
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WPLYW SIECI WIAZAN WODOROWYCH NA
FOTOLUMINESCENCJE HYBRYDOWEGO
HALOGENKU CYNY(1V)

Amelia Stezalska'?, Adam Kabanski!, Tamara J. Bednarchuk!

I Instytut Niskich Temperatur i Badan Strukturalnych PAN, ul. Okélna 2,
50-422 Wroctaw
2 Wydziat Chemii, Uniwersytet Wroctawski, ul. F. Joliot Curie 14, 50-383 Wroctaw

Organiczno-nieorganiczne hybrydy halogenkow metali stanowig obiekt
intensywnych badan ze wzgledu na potencjalne zastosowania w optoelektronice.
Szczegodlng uwage przyciagaja uklady 0D oparte na otowiu (Pb*"), charakteryzujace sie
wysoka wydajnoscig kwantowa fotoluminescencji, duzymi wspotczynnikami absorpcji
oraz szerokopasmowg emisjg [1]. Ze wzgledu na wysoka toksycznos$¢ olowiu poszukuje
si¢ alternatyw opartych na pierwiastkach o podobnej konfiguracji elektronowe;.
Materiaty hybrydowe zawierajace jony Ge®" i Sn** wykazuja jednak ograniczong
stabilnos¢ ze wzgledu na podatno$¢ na utlenianie [2], podczas gdy cyna(IV)
charakteryzuje si¢ wysoka stabilnos$cia chemiczng, znacznie nizsza toksyczno$cig oraz
duza dostepnoscia.

Pomimo tych zalet, hybrydy bazujace na halogenkach Sn*" czesto nie wykazujg
emisji w temperaturze pokojowej lub charakteryzuja si¢ niska intensywnoscig
fotoluminescencji. W celu aktywacji emisji stosuje si¢ domieszkowanie jonami
o konfiguracji walencyjnej ns?, takimi jak Bi**, Sb>" [3,4] czy Te*" [5].

Otrzymano niedomieszkowane krysztaty (C4H7N20)2SnCls, gdzie C4H7N20 to
kation 4(5)-(hydroksymetylo)imidazoliowy, ktérych strukture scharakteryzowano
metodami SXRD i PXRD. Pomiary fotoluminescencji w zakresie 80-300 K wykazaty
intensywna niebieskg emisje w temperaturze pokojowej pod wplywem promieniowania
UV o dlugosci fali 365 nm. Obecno$¢ rozbudowanej sieci wigzan wodorowych moze
wskazywa¢ na istotng rol¢ oddzialywan supramolekularnych w stabilizacji stanow
emisyjnych typu self-trapped exciton (STE).

Literatura

[1] M. Maczka, D. Drozdowski, D. Stefanska, A. Gagor, Inorg. Chem. Front., 10 (2023) 7222—7230.

[2] T.Zhu, Y. Yang, X. Gong, ACS Appl. Mater. Interfaces, 12 (2020) 26776-26811.

[3] B. Su, G. Song, M. S. Molokeev, Z. Lin, Z. Xia, Inorg. Chem., 59 (2020) 9962—-9968.

[4] M. Ren, Y. Wang, S. Zhang, J. Yao, B. Zou, R. Zeng, Inorg. Chem., 63 (2024) 24410-24420.

[5] L. Zhou, S. Zhou, X. Liu, J. Ma, T. Zhang, K. Li, Y. Chang, W. Shen, M. Li, R. He, Inorg. Chem., 63
(2024) 10335-10345.
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STRUKTURY KRYSTALICZNE ZWIAZKOW
KOORDYNACYJNYCH SREBRA()
Z. POCHODNA 1,2,4-TRIAZOLO-4-AMINY Z ZASADA SCHIFFA

Agata Bialonska, Zofia Hajdaczuk

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

Znaczny potencjal koordynacyjny triazoli umozliwia tworzenie zwigzkow
w postaci krystalicznej o zréznicowanej budowie i wtasciwosciach [1,2]. Z tego powodu
zwigzki koordynacyjne pochodnych 1,2,4-triazolo-4-aminy cieszg si¢ sporym
zainteresowaniem. We wcze$niejszych latach opisano, w szerokim zakresie, struktury
krystaliczne zwigzkdéw koordynacyjnych miedzi(I) z pochodnymi 1,2,4-triazolo-4-
aminy z zasada Schiffa oraz ich zdolno$¢ do wymiany czasteczek goscia [3,4].
Materiaty porowate zwigzkoéw koordynacyjnych, ktore wykazuja takie wlasciwosci,
znajduja szerokie zastosowanie w katalizie heterogenicznej [5], separacji
1 magazynowaniu gazoéw [6], rozdziale molekularnym [7].

Celem przeprowadzonych badan bylo otrzymanie krystalicznych zwigzkéw
koordynacyjnych charakteryzujacymi si¢ obecnosciag, w swoich strukturach
krystalicznych, duzych kanatéw, ktore pozwalatyby na potencjalng wymiane czasteczek
go$cia oraz zbadanie budowy tych struktur. W tym celu wykorzystano tetrafluoro-
boran srebra(I) oraz N-[(E)-(4-bromofenylo)metylideno]-4H-1,2,4-triazolo-4-aming
(4BrPhatrz), ktore rozpuszczano razem w acetonitrylu, metanolu lub etanolu,
w roznych stosunkach molowych, i pozostawiano do krystalizacji przez powolne
odparowanie rozpuszczalnika.

W wyniku reakcji otrzymano kilka réznych struktur krystalicznych
zawierajacych luki, kanaly jedno- lub dwuwymiarowe. Ich wspodlna cecha jest
dwurdzeniowa jednostka koordynacyjna [Agx(4BrPhatrz)s]*" (Rysunek 1), w ktore;
kationy srebra(l) sa potaczone poprzez dwa ligandy 4BrPhatrz mostkowo. 4BrPhatrz
koordynuje do Ag(I) rowniez monodentnie. Determinuje to, ze jednostka koordynacyjna
przybiera ksztalt litery X.
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Rys. 1. Rysunek dwurdzeniowej jednostki koordynacyjnej [Ag,(4BrPhatrz)4]*".
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Oprécz wyzej opisanych struktur otrzymano réwniez m. in. szesciordzeniowy
zwiazek koordynacyjny (Rysunek 2), ktorego budowa zostanie przyblizona na moim
wystapieniu.

Rys. 2. Rysunek szesciordzeniowej jednostki koordynacyjnej [Ags(4BrPhatrz)s]®".
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DATA REDUCTION OF F-TYPE ICOSAHEDRAL
QUASICRYSTAL

Maciej Zak, Radoslaw Strzatka

Wydziat Fizyki i Informatyki Stosowanej, AGH w Krakowie

In my presentation, I will give an overview of how to perform a complete process
of XRD data treatment of an icosahedral quasicrystal single-crystalline sample using
CrysAlis™ software provided by Rigaku. The procedure involves a hand-selection of
icosahedral reciprocal space vector basis, indexation of diffraction reflections® positions,
and integration of reflections‘ intensities using the RED module of CrysAlis™.
Diffraction pattern of icosahedral quasicrystals can only be indexed with a 6D vector
basis, which requires non-standard analysis in diffraction analysis. CrysAlisPro is
a unique (and the only one) tool that enables the complete diffraction analysis of aperiodic
crystals [1].

We focused on the icosahedral system of ZnMgRE (RE={Y,Tb,Dy,Ho,Er,Tm})
family with F-type centering of a 6D unit cell and Bergman-type atomic clusters in the
atomic structure. This system is particularly interesting in search of magnetism of
Bergman-type quasicrystals [2,3]. Recently, a detailed analysis of the influence of the RE
element on structural disorder in this system was performed [4] (see a poster by
R. Strzalka et al.), to which project my analysis contributed. The samples were prepared
by I. Buganski using a self-flux method, and the XRD data were collected by J. Kusz
using an Agilent SuperNova diffractometer with an Atlas CCD detector. The
measurement was carried out at 100 K with a Mo lamp.

The CrysAlis™ software was shared by Rigaku upon request.
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BADANIA IKOZAEDRYCZNEJ STALEJ SIECI W UKLADACH
ZnMgRE ZA POMOCA DYFRAKCJI PROSZKOWEJ

Marta Krause, Radoslaw Strzalka

Wydziatl Fizyki i Informatyki Stosowanej, Akademia Gorniczo-Hutnicza im. Stanistawa
Staszica w Krakowie, al. Adama Mickiewicza 30, 30-059 Krakow

Wystgpienie ma na celu szczegblowe przedstawienie wynikéw badan
strukturalnych nad kwazikrysztatami ikozaedrycznymi wytworzonymi w uktadach
trojsktadnikowych Zn-Mg-RE (RE = Er, Dy, Ho) o typie P centrowania
szesciowymiarowej komorki elementarnej [1].

Glownym narzedziem badawczym wykorzystanym w pracy byla metoda
proszkowej dyfrakcji rentgenowskiej (XRD). Pozwolita ona na przeprowadzenie
precyzyjnej analizy poréwnawczej wplywu rodzaju zastosowanego lantanowca na
parametry strukturalne oraz stabilno$¢ fazy ikozaedrycznej. W przeciwienstwie do
krysztatow klasycznych, opis kwazikrysztaldéw wigze si¢ ze znacznie wyzszym stopniem
ztozonosci, co wymusza rezygnacj¢ z tradycyjnych metod opisu w przestrzeni
trojwymiarowej. W pracy zastosowano podejscie nadwymiarowe, ktére polega na opisie
struktury w przestrzeni sze$§ciowymiarowej [2]. Metoda ta umozliwita wyznaczenie
ikozaedrycznych statych sieciowych badanych stopoéw, co pozwolilo na rzetelng oceng
zalezno$ci miedzy promieniem atomowym domieszki a geometrig sieci
kwazikrystaliczne;j.

Wyniki badan potwierdzily zalozenia teoretyczne dotyczace struktury
analizowanych ukladow [3]. Zaobserwowano istotng zalezno$¢ miedzy stalymi
sieciowymi fazy ikozaedrycznej a promieniem atomowym lantanowcOw: wzrost
promienia atomowego lantanowca powodowal proporcjonalne zwigkszenie
ikozaedrycznej statej sieciowej uktadu (Wykres 1.).
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; Zn-Mg-Dy #78
o 60
1]

[=]
=
s 404
@
ol
2 201
c R pa — —
01 | [ | |
36 37 38 39 40 41 42

26 [deg.]

Wykres 1. Porownanie dyfraktogramoéw (znormalizowanych wzgledem najwyzszego refleksu) wraz
z zaznaczonymi pozycjami refleksow dyfrakcyjnych dla probek w przedziale 26 od 36 do 42 stopni.

Istotnym elementem analizy byla weryfikacja czystosci fazowej otrzymanych
probek. Interpretacja dyfraktogramow wykazata obecnos¢ refleksow faz wtornych,
w szczegblnosci fazy Lavesa MgZno, wspotistniejacej z fazg glowna.
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PERSISTENT STRUCTURAL DISORDER AND ITS
CONSEQUENCES: NEW PARADIGMS FOR HYBRID ORGANIC-
INORGANIC FUNCTIONAL MATERIALS

Andrzej Nowok!, Maciej Ptak?, Dorota Kowalska?, Adam Sieradzki!
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Wybrzeze Wyspianskiego 27, 50-370 Wroctaw
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ul. Okolna 2, 50-422 Wroctaw, Poland

The relationship between crystal structure and molecular dynamics in hybrid
organic—inorganic halides plays a central role in determining their physical properties.
While these materials are often described as ordered at low temperatures, many exhibit
significant dynamic behavior associated with the motion of organic cations in the high-
temperature phases. The resulting combination of long-range structural order and
molecular motion leads to rich lattice dynamics, which play a key role in processes such
as polaron formation or enhancement of light-to-energy conversion efficiency [1-4].
Additionally, the presence of polar, reorientable cations allows these materials to
actively respond to external electric fields [5]. Namely, the polar species can realign
despite thermal fluctuations typically observed in diffraction studies, giving rise to
orientational polarization and dielectric relaxation. Recent studies, however, have
revealed exceptions to this conventional behavior. A roaring example constitutes the
one-dimensional hybrid halide, aminoguanidinium lead iodide, which undergoes a first-
order phase transition at 400/369 K (upon heating/cooling) to a low-temperature
monoclinic C2/c phase in which the motion of the organic aminoguanidinium (AGA™)
cation is not fully suppressed [6].
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Fig. 1. (a) Thermograms revealing a low-temperature phase transition in ((H;O)(FEA),BiBrs).
(b) Temperature dependence of the imaginary part of the complex dielectric permittivity with clear
signatures of the phase transition and low-temperature relaxation dynamics.

In this work, we introduce a new lead-free hybrid halide ((H3O)(FEA)2BiBrs),
which exhibits an even more unconventional behavior. This compound adopts
a dynamically disordered high-temperature C2/c phase and undergoes a first-order
phase transition at 170/180 K with the formation of a low-temperature structure, where
structural disorder is retained (Fig. la). Unlike typical order—disorder transitions, this
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process involves significant conformational changes of FEA" cations rather than their
complete ordering. Dielectric measurements supported by quantum DFT computations
reveal additionally that molecular dynamics of the small structural building blocks
(FEA" and/or water) persist in the low-temperature phase (Fig. 1b). The associated
relaxation times increase dramatically (from microseconds to thousands of seconds)
with decreasing temperature, eventually entering the timescale characteristic for
freezing of the motion. This behavior represents a continuous crossover from dynamic
to static disorder without an additional structural transition. As a result,
(H30)(FEA)2BiBrs combines long-range crystalline order with persistent local disorder,
either dynamic or static depending on temperature.

These findings demonstrate that persistent disorder is not an isolated case but
may represent a broader phenomenon in hybrid materials. Importantly, the presence of
persistent disorder enables dielectric relaxation even at low temperatures and provides
a pathway for continuous tuning of optoelectronic properties. This work thus introduces
a new framework for understanding and designing functional hybrid systems.

The research was supported by the Polish high-performance computing
infrastructure PLGrid (HPC Centers: ACK Cyfronet AGH), with computational
resources provided under grant no. PLG/2025/018625, which A.N. gratefully
acknowledges.
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CHEMICAL PUZZLES: HOW THE CHOICE OF ORGANIC
CATIONS GOVERNS THE INORGANIC SUBSTRUCTURE OF
HYBRID LEAD HALIDES

Dawid Drozdowski', Adam Kabanski', Katarzyna Fedoruk-PiskorskaZ,
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Okolna 2, 50-422 Wroctaw
’Wroctaw University of Science and Technology, Wybrzeze Wyspianskiego 27, 50-370
Wroctaw, Poland

Hybrid organic-inorganic lead halides have become one of the hottest material
families in modern chemistry, largely because of their remarkable light-emitting and solar
energy harvesting properties. However, the most studied, three-dimensional (3D) variants
are notoriously sensitive to moisture and air, limiting their real-world use. This has pushed
researchers toward lower-dimensional relatives — think of it as going from a fully
connected 3D LEGO brick structure to flat, layered 2D sheets. These layered systems
confine electrons more effectively, boosting light emission efficiency and offering new
ways to tune optical properties [1,2].

What makes this especially exciting is that the organic molecules sitting between
the inorganic layers are not just passive spacers — they actively direct how the inorganic
framework assembles and, consequently, how the material emits light [3,4]. By selecting
different organic cations, we can access entirely new inorganic architectures beyond
classical perovskite layers, such as ribbon-like or cage-like arrangements of lead-bromide
octahedra. We exploited this design principle to synthesize several new hybrid lead
bromides, each incorporating two distinct organic cations (Figure 1). Some compounds
adopt a never-before-reported 2D framework built from octahedral ribbons linked by
bridging octahedra, while others are assembled into a corrugated layer geometry.
Together, these examples illustrate that choosing the right organic cation is not just
a chemical detail — it is the key design variable that unlocks new inorganic architectures
and optical functionalities.

Figure 1. Layered hybrid lead bromides with two distinct organic cations:
representative structural examples.
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BADANIA STRUKTURALNE WYBRANYCH
HALOGENKOWYCH KOMPLEKSOW METALI
Z. POCHODNYMI ANILINY

Zuzanna Szypryt, Agnieszka Skorska-Stania, Michal Duda

Wydziat Chemii Uniwersytetu Jagiellonskiego w Krakowie,
ul. Gronostajowa 2, 30-387 Krakow

Otrzymano seri¢ halogenkowych kompleksow metali z halogenowymi
pochodnymi aniliny. Kompleksy otrzymano przy uzyciu dwoéch metod: klasycznej
syntezy z roztwordw oraz metody mechanochemicznej. Synteze z roztworow
prowadzono w mieszaninie dwoch rozpuszczalnikéw (w uktadzie alkoholowo-wodnym)
w podwyzszonej temperaturze. W podejsciu mechanochemicznym reakcje prowadzono
przez ucieranie reagentow z niewielka ilo$cig rozpuszczalnika lub bez jego udziatu,
w zaleznos$ci od stanu skupienia zastosowanej pochodnej aniliny. W obu przypadkach
stosunek molowy aminy do soli metalu wynosit 2:1.
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Rys. 1. Typy struktur badanej rodziny polaczen halogenkéw metali z pochodnymi aniliny dotychczas
zdeponowanych w bazie danych strukturalnych CSD (Cambridge Structural Database): (a) polimer
koordynacyjny o kodzie NOJPOT [1] (typ I'O° [2]), (b) krysztat molekularny o kodzie QEBSAT [3],
(c) brak potfaczenia mi¢gdzy atomem metalu i aming w strukturze TESZAS [4]. Struktury zwizualizowano
przy uzyciu programu Mercury w wersji 3.8 z 2016 roku [5].

Badania strukturalne otrzymanych potaczen przeprowadzono przy uzyciu metody
dyfrakcji monokrystalicznej lub proszkowej wyznaczajagc wartosci parametrow
sieciowych, ukfad krystalograficzny oraz grupe przestrzenna, w tym okreslajac
obecnos¢ lub brak s$rodka symetrii w strukturze, co jest istotne w kontekscie
projektowania materiatow wykazujacych nieliniowe wtasciwosci optyczne (SHG).
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Hydrogen-bonded organic frameworks (HOFs) are a new class of porous materials
with unique dynamic properties that have attracted considerable interest due to their
potential applications in areas such as optics and information storage [1]. These materials
are composed of organic molecules or ions that are linked by hydrogen bonds (HBs),
which determine their behaviour under different thermodynamic conditions, such as
temperature or pressure. Understanding the underlying mechanisms is therefore crucial
for designing more efficient organic materials [2,3]. Organic compounds such as
imidazole, pyrazole and triazole are used as building blocks for these systems due to their
environmentally friendly properties [2].

To comprehend the physical processes occurring in such materials when subjected
to temperature or pressure changes, one must first grasp the proton-lattice and the proton-
phonon coupling [4]. As Huang et al. (2023) proposed [2], efficient proton transfer can
occur in conjunction with phonons. Notably, the OH and NH stretch regions in vibrational
spectra contain information regarding anharmonicities and the dynamics of HBs and their
microscopic environments [5], which can be profitably investigated through experimental
analysis using vibrational spectroscopy. Changes in HBs within molecules can be
detected without measuring their length, thanks to spectroscopic methods. Significant
changes in structural, optical and electronic behaviours, including fundamental properties
rarely observed under ambient conditions, can be induced by applying mechanical
pressure.

A unique helical structure is formed under ambient conditions by ions being
connected by N'—H:--O~ HBs in a molecular system called imidazolium hydrogen
o-phthalate (OrtImi). It is also a proton conductor with a maximum specific electrical
conductivity value of 107> S/cm [6]. There is a weak van der Waals force between the
layers of benzene and imidazole rings, which makes the molecules pack tightly together
and gives the crystal a stable structure. This presentation looks at changes in the way ions
are arranged, as seen using different types of spectroscopy at low temperatures and high
pressures. Changes in the parameters of the most important bands were identified.
We carried out the analysis of the observed changes in the studied system by involving
quantum chemistry calculations. We performed these calculations using density
functional theory (DFT) and molecular dynamics within the machine-learning
interatomic potential framework methods.
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A close-up of the ring motif
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Fig. 1. A pressure-induced transition in the hydrogen bonding pattern of imidazolium hydrogen
o-phthalate, changing them from a helical structure to a close-up of the ring motif.

Using a broad range of spectroscopic methods (THz, IR, Raman) and density
functional theory and molecular dynamics computational analysis within the machine-
learning interatomic potential framework, we assessed the behavior of vibrational modes
of imidazolium hydrogen o-phthalate (OrtImi) under variable temperature and hydrostatic
pressure and deduced its consequences for the general physical properties of the system
[7]. We found that the helical network formed by N*~H---O~ and O---H---O” HBs and its
evolution under pressure plays a leading role. Namely, a pressure-induced phase
transition above 3 GPa is observed, where the helical HB network changes into a close-
up ring structure. Furthermore, we demonstrated that decreasing the temperature results
in proton ordering in HBs below 150 K, which makes conditions conducive to
proton—phonon coupling favorable. These findings provide a promising basis for
developing pressure-sensitive materials with a switchable proton conductivity.
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SYNTHESIS AND STRUCTURAL STUDIES ON
HETEROMETALLIC ALKALI METAL-GROUP 13 ARYLOXIDES
AND THEIR APPLICATION AS CATALYSTS IN CHEMICAL
RECYCLING OF POLYCAPROLACTONE

Karolina Matuszak, Rafal Petrus

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

Over the past five decades, there has been an increasing interest in the synthesis
of novel group 13 complexes for their unique structural chemistry and catalytic
applications. Within this group, heterometallic alkali metal-group 13 derivatives are
particularly attractive for their use in organic synthesis and polymerization reactions
[1,2]. For instance, the gallium—lithium Shibasaki catalyst, [GaLi((binol-CH2)20)], has
been successfully applied in the enantioselective ring-opening of meso-epoxides,
yielding 1,2-diol monoethers (94% yield, 96% enantioselectivity). Similarly, the chiral
lithium—aluminum binaphthoxide complex, [AlLi(binol);], has proven to be a highly
efficient catalyst for asymmetric transformations, including the 1,4-addition of Horner—
Wadsworth—-Emmons reagents to enones, Michael additions, and tandem Michael-aldol
reactions. In addition, lithium—indium complexes supported by dianionic fluorinated
dialkoxy-diimino salen-like ligands have demonstrated excellent activity in the ring-
opening polymerization of rac-lactide, achieving 99% conversion of rac-LA within
0.5 h. A notable characteristic of these heterometallic systems is their superior catalytic
performance compared with the corresponding homometallic trivalent group 13
analogues, highlighting the beneficial synergistic effects arising from the cooperative
interaction between the alkali metal and group 13 metal centers [3].

Today, the most common method of synthesis in this class of compounds
involves the use of organometallic or halide group 13 reagents and alkali metal
aryloxides with O,0’-donor ligands. At the moment, group 13-lithium aryloxides are
poorly studied with the number of structures limited to 34 for Al-Li, 7 for Ga-Li, and 6
for In-Li. In coordination chemistry, heterometallic aluminum-lithium aryloxides
usually form dinuclear or tetranuclear compounds with an Al : Li ratio of 1 : 1, whereas
gallium/indium-lithium complexes usually form tetranuclear clusters.

Therefore, the aim of this work was a synthesis and structural analysis of
lithtum-group 13 aryloxides [AlLi3(sal-Me)s] (1), [InLis(sal-Me)s] (2), and [GasLi(sal-
Me)s(OMe)12]Cl (3) (where Hsal-Me = methyl salicylate) for their use as catalysts in
chemical recycling of poly(caprolactone) (PCL).

PCL is a biodegradable petroleum-derived polyester widely used in packaging,
films, carry bags, pouches, trays, reusable dishes, 3D printing, and other fields. It
belongs to the group of compounds which cannot undergo mechanical recycling due to
low melting point (60°C) and sensibility to hydrolytic degradation. Therefore,
significant research efforts have focused on the chemical recycling of PCL through
depolymerization of plastic waste into monomers or other chemical intermediates,
which can be converted into value-added products or repolymerized into polymers.
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The comparison of alkali metal-group 13 complexes’ structures and catalytic
activity with homometallic counterparts (Al, Ga, In, Li) in chemical recycling of PCL is
planned as a next step.

(@) (b)

Fig. 1. The molecular structure of [AlLi3(sal-Me)s] (a), [InLiz(sal-Me)s] (b),
and [GasLi(sal-Me)s(OMe)2]Cl (c).
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KRYSTALOGRAFIA I EPR VS NIESPAROWANY ELEKTRON

Monika Hryniuk, Maciej Witwicki

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

Rodniki organiczne stanowig szczegolng grupe indywiduéw chemicznych,
zyskujaca na znaczeniu w obecnej chemii nowoczesnych materiatlow. Dzigki obecnos$ci
niesparowanego elektronu w strukturze wykazujg szereg wilasciwosci, dzigki ktorym
moga by¢ wykorzystywane m. in. w technologii OLED [1], elastycznej elektronice [2],
czy tez jako ligandy w magnesach molekularnych [3].

Ta wyjatkowa budowa, ktora pozwala uzyskaé wlasciwosci takie jak
fluorescencja, czy przewodnictwo elektryczne — ma swoja ceng. Przez wystepowanie
niesparowanego elektronu rodniki organiczne nie mozna badaé przy pomocy
spektroskopii NMR, co stanowi powazny problem. Z tego powodu gldéwnym sposobem
analizy budowy rodnikoéw organicznych jest krystalografia.

Dzigki polaczeniu krystalografii 1 spektroskopii EPR udato si¢ przeprowadzié¢
badania nad nowymi zwigzkami organicznymi o charakterze rodnikowym. Glownym
celem badan bylo otrzymanie stabilnych rodnikéw organicznych, ktére moglyby
znalez¢ zastosowanie funkcjonalne. W wyniku syntez otrzymano wcze$niej nieopisany
uktad rodnikowy bedacy potaczniem dwoch pochodnych 10H-fenoksazyny (rysunek
la), potaczonych wigzaniem wodorowym oraz pochodng biskatecholu (rysunek 1b),
ktéra w $rodowisku zasadowym przechodzita w rodnik semichinonowy. W wyniku
badan EPR potwierdzono obecno$¢ uktadow paramagnetycznych a dzigki XRD
potwierdzono budowg uktadéw. Oba rodniki charakteryzowaty si¢ wysoka stabilnoscia,
dzieki czemu mozna rozwaza¢ mozliwosci uzycia ich w materiatach funkcjonalnych.

— OH
HO

35
Xl

(®)

)

Rys. 1. Struktura (a) pochodnej fenoksazyny (1-hydroksy-2.4,6,8-tetra-tert-butylo-10H-fenoksazyna oraz
2,4,6,8-tetra-tert-butylo-10H-fenoksazyna), (b) pochodnej biskatecholu (1,1-cykloheksanodiylo)di(1,2-
benzenodiol)).
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JAK PRZYCIAGAC DO SIEBIE ATRAKCYJNE KRYSZTALY?
KORELACJA STRUKTURY I ANIZOTROPII MAGNETYCZNEJ.

Jacek Sawkal, Alina Bienko!, Maciej Witwicki!,
Barbara Machura?, Pavel Kopel3, Cyril Rajnak?, Roman Bo¢a®

I Faculty of Chemistry, University of Wroclaw, Joliot-Curie 14, 50-383 Wroctaw
2 Department of Crystallography, Institute of Chemistry, University of Silesia,
9th Szkolna St., 40-006 Katowice
3 Department of Inorganic Chemistry, Faculty of Science, Palacky University
in Olomouc, Krizkovskeho 511/8, 779 00 Olomouc 9, Czech Republic
* Faculty of Natural Sciences, University of SS Cyril and Methodius 91701 Trnava
3 Faculty of Health Sciences, University of SS Cyril and Methodius 91701 Trnava

Anizotropia magnetyczna stanowi jeden z kluczowych parametrow
determinujacych  wystepowanie  zjawiska powolnej relaksacji magnetycznej
w materialach typu Single-Molecule Magnets (SMM) oraz Single-Ion Magnets (SIM).
W klasycznym ujeciu warunkiem koniecznym do obserwacji tego zjawiska jest
wspotwystepowanie  wysokiego stanu  spinowego oraz znacznej anizotropii
magnetycznej, prowadzacych do powstania bariery energetycznej utrudniajacej
odwrocenie kierunku namagnesowania. Wysokie warto$ci parametru rozszczepienia
w zerowym polu magnetycznym (D) sprzyjaja stabilizacji stanéw magnetycznych
i wydluzeniu czasu relaksacji magnetyzacji, co przez wiele lat uznawano
za podstawowy warunek projektowania efektywnych materiatow typu SMM 1 SIM.

W ostatnich latach poglad ten ulegt jednak czesciowej rewizji. Coraz to liczne
badania wskazuja, Ze obecno$¢ duzej bariery energetycznej odwracalnosci spinu nie jest
warunkiem bezwzglednie koniecznym do wystgpienia anizotropowej powolnej
relaksacji magnetycznej. W niektérych uktadach relaksacja spinowa moze byc¢
kontrolowana przez bardziej subtelne czynniki, takie jak lokalna symetria centrum
metalicznego, deformacje geometryczne, oddziatywania spin—fonon czy specyficzna
topologia ligandow. Duze znaczenie maja tutaj ukltady o obnizonej liczbie
koordynacyjnej, w ktorych nawet niewielkie zaburzenia pola ligandow moze prowadzi¢
do powstania mierzalnej anizotropii magnetycznej oraz nietypowych mechanizmow
relaksacji.

Szczegblnie interesujagcg grupe stanowig wysokospinowe kompleksy Mn(II)
(3d’, § = 5/2), ktore ze wzgledu na niemal izotropowy charakter magnetyczny i bardzo
mate rozszczepienie w zerowym polu magnetycznym nalezag do najtrudniejszych
uktadow wykazujacych powolng relaksacj¢ magnetyczng. Przyktadem takich zwigzkow
sa otrzymane przez nas dwa monojadrowe, pigeciokoordynacyjne kompleksy
Mn(Il) z ligandem 2,2'-[oksybis(metyleno)]bis(1H-1,3-benzimidazolowym) (OMeBB)
oraz pseudohalogenkowymi ligandami tacznikowymi NCS~ 1 NCO™ [Rys. 1]. Zwiazki te
charakteryzuja si¢ rzadko spotykanym S$rodowiskiem koordynacyjnym {MnN4O}
oraz geometrig znieksztatconej piramidy kwadratowej, w ktorym szczeg6lng role
odgrywa stabe, semikoordynacyjne wigzanie pomiedzy jonem Mn' a eterowym atomem
tlenu liganda. Takie rozwigzanie prowadzi do obnizenia lokalnej symetrii centrum
metalicznego i generowania niewielkiej, lecz mierzalnej anizotropii magnetyczne;j.
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Rys. 1. Struktury [a] i [b] wraz z przyporzadkowang numeracjg atomow.
Elipsoidy termiczne atomoéw innych niz wodor podano przy prawdopodobienstwie wynoszacym 50%.

Badania magnetyczne, spektroskopia EPR oraz obliczenia ab initio potwierdzity
obecno$¢ jedynie matych wartosci parametru D, charakterystycznych dla ukladow
quasi-izotropowych. Mimo to oba kompleksy wykazuja indukowang polem powolng
relaksacj¢ magnetyczng w szerokim zakresie temperatur, obejmujacym wartosci
dochodzace do okoto 30 K. Analiza dynamiki spinowej wskazuje, ze proces relaksacji
przebiega gldwnie poprzez mechanizmy bezposrednie oraz fononowo wspomagane,
bez udzialu klasycznego procesu Orbacha. Obecnos¢ wielu kanatow relaksacji
podkresla ztozony charakter oddziatywan pomiedzy strukturg molekularng, anizotropia
magnetyczng oraz sprz¢zeniem spin—fonon.

Uzyskane wyniki pokazuja, ze niska liczba koordynacyjna, silnie znieksztatcone
srodowisko koordynacyjne oraz obecno$¢ nietypowego chromoforu {MnIIN4O} moga
skutecznie indukowaé¢ powolng relaksacje magnetyczng nawet w uktadach o bardzo
malej anizotropii. Otrzymane kompleksy stanowig tym samym przyktad nowej strategii
projektowania quasi-izotropowych materialdéw molekularnych, w ktorych kluczowa role
odgrywa nie wielko$¢ anizotropii magnetycznej, lecz odpowiednio dobrana topologia
liganda 1 kontrolowana deformacja geometrii centrum metalicznego. Co istotne, sg to
pierwsze opisane przyktady powolnej relaksacji magnetycznej dla komplekséw Mn(II)
zawierajacych tak rzadkie srodowisko koordynacyjne {MnlIIN4O}.
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MAGNESIUM-RARE EARTH ALKOXIDES FOR
IMMOBILIZATION OF NUCLEAR WASTE

Adrian Kowalinski, Rafal Petrus, Piotr Sobota

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

The nuclear industry generates 12 000 tons of spent fuel annually, requiring the
secure immobilization of highly mobile, long-lived radionuclides. To safely and
effectively dispose of radioactive waste, it is necessary to design appropriate matrices
with high durability, stability, and resistance to various physical and chemical
conditions, such as temperature, radiation, pressure, and acidity/alkalinity. While
commercial  high-level = waste  management currently utilizes complex
aluminoborosilicate glasses [1,2], utilizing magnesium-borate matrices can balance
structural stability, providing a highly durable material designed specifically to
permanently entrap hazardous isotopes within its atomic structure. To safely evaluate
these matrices without radiological hazards, non-radioactive Nd'! and Eu'! are utilized
are chemical surrogates to model the Cm™ and Am'", respectively, due to their nearly
identical ionic radii and valence states [3].

In our work, we developed two synthetic routes for synthesis of magnesium-rare
earth alkoxides of formula [LnsaMg(us-O)(13-OR)s(X)xCls], where Ln = Nd (X = HOR;
x =2), Sm (x = 0) or Eu (X = H20; x = 0.25) in 2-methoxyethanol, as pictured in Figure
1. One method focused on reacting rare-earth chlorides with magnesium alkoxide with
the partial transfer of CI ions to Mg centers. The other involved the direct reaction of
metallic RE™ with anhydrous magnesium chloride and 2-methoxyethanol driving the
formation of the heterometallic alkoxide framework.

aJ\JY
Ln=Nd ° /\\

/Nd I\ I/ \hd//m Ln=Nd

° [Nd4Mg2(Me-O)(H3-OR)s(HOR),Clg] °
Mg(OR), + 2LnCl; + — — MgCl, + 2Ln +
(o] OH

H
Cl

| o

° . L m
COH [OH \/// /c'/ \//
Ln=sm, Eu g // "~

/\\o |\/\/ . Ln=Sm, Eu
-/

[Ln4Mg2(ug-O)(3-OR)g(H20)xClg]
Ln=8m (x =0) or Eu (x = 0.25)

Fig. 1. Synthesis of [NdsMgx(1s-O)(13-OR)s(HOR):Cls], [SmaMgs(ps-O)(p3-OR)sCls],
and [EusMga(ps-O)(13-OR)s(H20)0.25Cls] complexes.
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The core of those complexes features a central, hexacoordinated oxo ligand
(n6-O) directly bonded to six metal centers and is stabilized by eight 2-methoxyethoxide
groups (13-OR). These metal ions arrange themselves into an octahedron encapsulating
the central oxygen atom (Figure 2). The specific arrangement within this bipyramidal
cage depends heavily on the rare-earth radius. For neodymium, the core is perfectly
ordered, the four Nd™ ions occupy the equatorial plane, while the two Mg" ions strictly
occupy the tips of the bipyramid. In contrast, for samarium and europium, the structure
exhibits partial metal disorder, where one of the RE™ ijons exchange sites with
a magnesium center between the equatorial and apical positions.

Fig. 2. Molecular structures of [NdsMga(6-O)(u3-OR)s(HOR):Clg],
and [SmsMgx(ps-O)(u3-OR)sCls] complexes.

These heterometallic clusters were utilized as single-source precursors,
alongside [Mga(u3-OR)4(HOEt)4Cl4] and boric acid for the synthesis of oxide
nanomaterials. The RE™ ions served as surrogate models for minor actinides to evaluate
high-level nuclear waste immobilization pathways, as presented in Figure 3. The
reactive mixtures were prepared with Mg:B:RE molar ratios of either 1:2:0.3 or 1:2:0.5,
aiming to tailor the final borate matrix composition for optimized structural entrapment
of the target radionuclides.

> \/\
| A\ / cl 1000 °C
N !/ Nd\< + [Mga(us-OR)4(HOE),Cly] +H;BO, — 0 C°

cl

[Nd4Mg5(ug-O)(13-OR)g(HOR),Cle] #‘m um”

Fig. 3. Synthesis of oxide nanomaterials using [Nd4Mg2(HG'O)(H?,'OR){;(HOR)QC,
[Mg7(u3-OR)6(u3-OR)6]2+ and H;BO:;.

Authors thank the National Science Centre Poland (OPUS 2023/49/B/ST4/04068)
for financial support.
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FROM STRUCTURE TO FUNCTIONAL OPTICAL PROPERTIES —
DESIGNING HYBRID MATERIALS THROUGH
CRYSTALLOGRAPHIC CONTROL

Magdalena N. Rowinska, Tamara J. Bednarchuk, Anna Gagor

Institute of Low Temperature and Structure Research, Polish Academy of Sciences,
Okolna 2, 50-422 Wroctaw, Poland

The deliberate design of organic—inorganic hybrid halides with tailored optical
and electronic properties is one of the most dynamic frontiers in crystal engineering. That
compounds family offers great chemical flexibility because the organic and inorganic
structural components can be selected to provide intentional, unique, and synergistic
functionalities. That makes them compelling candidates for photovoltaics [1],
luminescence [2], and broader optoelectronic applications [3]. However, realizing this
potential demands a precise crystallographic understanding of how molecular
architecture, framework dimensionality, metal coordination geometry, cation dynamics,
and intermolecular interactions collectively dictate macroscopic properties.

This presentation showcases three lead-free hybrid halide systems illustrating how
single-crystal X-ray diffraction and multi-technique analysis provide the essential
foundation for the crystal engineering of functional materials.

In (Pyrrolidinium)s[Mzlo] (M = Bi, Sb), a family of ferroelastic semiconductors
with narrow band gaps of ~2.1-2.2 eV, synchrotron powder diffraction, '"H NMR spin-
lattice relaxation, and dielectric spectroscopy collectively revealed how the dynamics of
disordered organic cations drive a cascade of symmetry-breaking phase transitions,
directly shaping the electronic and dielectric response of the material [4].

In (MHy)2Sbls, the same crystallographic toolkit was applied to two concomitant
polymorphs. It was demonstrated that the spatial arrangement of 1D [Sbls]* chains and
the packing of methylhydrazinium cations govern both the contrasting thermal stability
of the two phases and non-linear optical properties but have no influence on broad red
photoluminescence (A~713 nm) originating from the stereoactive 5s* lone pair of Sb(III) [5].

In a double perovskite-derived ferroelastic (Piperidinium):[KBiBrg], with near
room temperature phase transition, structural analysis provided evidence of Br-:-Br
interactions on phase stability, while electronic confinement along one-dimensional
inorganic pillars was found to be responsible for both excitonic and Bi(Ill)-centered
luminescence [6].

Taken together, these three studies demonstrate that crystallography is not merely
a characterization tool, but the central engine of crystal engineering: the ability to read,
compare, and interpret crystal structures across temperatures and polymorphic forms is
what makes the rational design of next-generation, functional materials possible.
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NEW PARADIGM FOR NUCLEIC ACID STRUCTURE
VALIDATION

Mariusz Jaskolski*

Department of Crystallography, Faculty of Chemistry, A. Mickiewicz University &
Institute of Bioorganic Chemistry, Polish Academy of Sciences, Poznan

*e-mail: mariuszj@amu.edu.pl

The standards for nucleic acid valence geometry that are still used as validation
targets by the PDB, and as restraints in many refinement protocols, were derived ~30
years ago from CSD analysis. However, a revised library of such parameters, with
elements of conformational dependence, has been recently created from the tenfold larger
CSD. At the same time, the PDB has grown nearly 50 times. This expansion of structural
knowledgebase has motivated a Working Group (WGQ) of international experts to revisit
the nucleic acid validation protocols used by the PDB. First, the CSD-derived targets were
re-examined, with focus on their conformational dependence. Next, they were compared
with the geometry distributions found in a quality-filtered reference subset of nucleic acid
crystal structures held in the PDB. The PDB-derived valence bond and angle mean values
turned out to be close to the CSD targets, but many parameters had highly non-Gaussian
or even multimodal distributions. Based on these observations, the WG has worked out a
novel approach to nucleic acid validation by proposing that:

(1) There will be only three intervals, labeled Preferred, Allowed, and Of Concern.

(2) The intervals for each parameter are now largely defined by probability scores and
decile positions on the PDB-derived distributions rather than by sharp validation
targets.

(3) Additionally, the Preferred interval is extended if the pcsp + 3ocsp boundaries are
more permissive.

(4) The Allowed/Of Concern boundary is tuned to highlight cases that are infrequent in
the PDB; they may represent true model errors or genuine features of interest, and in
both situations should be examined individually.

(5) Cases identified as Of Concern should be supported in the validation report by
comprehensive statistical data.
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INVESTIGATION OF CuX —- HX — POLYAMINE SYSTEMS
(X=Cl, Br) USING TWO-DIMENSIONAL COMPOSITION
DIAGRAMS

Andrii Hultiaiev, Zan ZakoSek, Evgeny Goreshnik

Jozef Stefan Institute, Jamova 39, 1000 Ljubljana Slovenia

Using two-dimensional composition diagrams of the CuCl-HCl-polyamine
systems 27 novel chloro(I)cuprates containing DABCO (1,4-diazabicyclo[2.2.2]octane),
N-alkyl derivatives of DABCO, 3,5-diamino-1,2,4-triazole and its alkyl derivatives,
hexamethylenediamine, and 1,3,5-trimethyl-1,3,5-triazinane were synthesized and
structurally characterized. The obtained compounds exhibit a variety of copper-chloride
fragments: polynuclear CuxCls, CuzCl;, CusCls, CusCly, CusCls, CusClg fragments,
infinite CuCl and CuxCls chains, (Cu7Cls), and (CuoCli3)n 3D-frameworks. DABCO-, N-
Et-DABCO-, and N-Me-DABCO-containing chlorocuprates were tested as catalysts in
the mild oxidation of alkanes (cyclohexane, methylcyclohexane) by peroxides and in
phenoxazinone synthase activity. The trinuclear [N,N'-Et,DABCO]>[Cu3Cl7][H20] and
quadrinuclear [N-MeDABCO]2[CusCls][MeOH] complexes demonstrate a sharp initial
catalytic activity that then plateaus, yielding high amounts of alcohols and ketones in the
mild oxidation of alkanes. In contrast, the [N,N'-Me2DABCO]2[CuyCl;3] salt shows a
consistently high reaction rate in phenoxazinone synthase activity throughout the process.

By varying the molar ratios of the starting materials and using both solvothermal
synthesis (in acetonitrile) and electrochemical synthesis (in acetonitrile and ethanol), six
new compounds were successfully prepared within the ternary CuBr—-HBr—-DABCO
system. Various bridging roles for neutral, mono-, and doubly protonated DABCO
moieties were observed. Among the compounds obtained, one is a rare example of a
three-dimensional copper(I) bromide framework containing a [Cui1.13Bris]**"" anionic
cluster. Such three-dimensional copper(I) bromide frameworks are relatively uncommon,
with only a limited number of related structures currently reported in the Cambridge
Structural Database (CSD).

In addition to structural characterization, the luminescent properties of three
selected compounds were investigated to gain further insight into the structure—property
relationships within the family of non-aromatic organic copper(l) halides. For two zero-
dimensional organic copper(I) halides, two distinct emission bands were observed when
the excitation wavelength was changed. The broad emission bands, together with
microsecond excited-state lifetimes, suggest that the emission most likely originates from
self-trapped excited states, which are commonly associated with distorted excited-state
geometries in copper(l) halide systems. Furthermore, the two emission bands exhibit
different excited-state lifetimes and different full widths at half maximum (FWHM), as
well as large Stokes shifts, indicating that two radiative relaxation pathways are involved.
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PRESSURE EVOLUTION OF ELECTRONIC AND CRYSTAL
STRUCTURE IN GROUP 15 ELEMENTS
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Elements under elevated pressure tend to increase their coordination number,
displaying properties like that of the elements located below them in the periodic
table [1,2]. This phenomenon was noted already in the structural chemistry book by
Alexander Frank Wells [3], who stated that the crystal structures of gray arsenic (A7,

space group R3m and black phosphorus (bP; A17, Cmce) can be regarded as distorted

forms of the simple cubic (sc, Pm3m) structure. The ideal simple cubic structure is rare
in nature due to its low packing efficiency and coordination number.

On the pressure increase black phosphorus first transforms into the A7 phase and
then, passing through a pseudo-simple cubic structure (p-sc), eventually reaches the sc
phase [4,5]. A similar pressure-induced phase transition from the A7 phase to the sc phase
has also been observed in elemental arsenic [6]. Recent reports indicate that the polymeric
cg-N (space group 12:3) and bp-N (bP-type structure, space group Cmce) phases of
nitrogen can also be viewed as distorted simple cubic atomic arrangements [7].
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HIGH-PRESSURE POLYMORPHS
STABILIZED AT AMBIENT CONDITIONS

Andrzej Katrusiak

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

Resorcinol, first described by Heinrich Hlasiwetz and Ludwig Barth in 1864 [1],
was the first organic compound for which the structures of polymorphs were determined
by X-ray diffraction [2,3]. Owing to numerous applications, resorcinol is intensively
investigated. Apart from the original polymorphs a (space group Prna2) and B (the same
space-group type Pna21), also high-pressure polymorphs y and & were postulated, but
their structures were not determined [4]. Later, a new polymorph € (space group P2:212)
was obtained in atmospheric pressure and its structure was reported [5]. Our studies
revealed a new high-pressure polymorph {, of space group P2i/c [6]. We also obtained
polymorph € under pressure, but we could not recover it from the diamond-anvil cell, as
it transformed either to the a or  forms below 0.2 GPa. This triggered our search for the
methods of stabilizing the high-pressure polymorphs in the atmospheric conditions. The
method of rational doping has been described and also applied for stabilizing other
organic compounds.
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Perylene diimides (PDIs) are among the most promising n-type organic
semiconductors due to their high electron mobility, strong visible absorption, and
exceptional thermal and photochemical stability. Despite extensive studies at ambient
conditions, their structural adaptability and optoelectronic response under high pressure
remain insufficiently explored. This work presents a comprehensive investigation of
pressure-induced structural transformations and structure-property relationships in a
series of imide-substituted PDI derivatives, including PTCDI-Ph and PDI-Cn (n = 5-8),
using high-pressure single-crystal X-ray diffraction in diamond-anvil cells combined
with UV-Vis-NIR absorption and photoluminescence spectroscopy.

Compression up to ~5 GPa induces significant reductions in m-m stacking
distances and conformational rearrangements of substituents, enabling more efficient
molecular packing. In PTCDI-Ph [1], pressure decreases the n-n stacking distance from
3.523(7) A at ambient conditions to 3.183(3) A at 2.85 GPa, accompanied by torsional
adjustments of phenyl substituents and the emergence of pressure-induced phase III
above ~3 GPa. These structural changes correlate with pronounced bathochromic shifts
in absorption and photoluminescence spectra, reflecting band-gap narrowing driven by
enhanced intermolecular orbital overlap. Alkyl-substituted PDI derivatives (PDI-C,)
exhibit even greater structural flexibility. In PDI-C6 [2], compression triggers
sequential phase transitions associated with conformational changes of the n-hexyl
chains, including the emergence of synclinal conformers that improve packing
efficiency and reduce n-stacking distances by more than 9% across the studied pressure
range. Across the PDI-Cn series, pressure-induced polymorphism follows a chain-
length-dependent trend, with longer alkyl substituents facilitating earlier phase
transitions and greater accommodation of compression strain. All investigated PDIs
display pressure-induced bathochromic shifts in absorption and emission, with the
magnitude strongly dependent on substituent length and packing motif. Notably, PDI-
C8 exhibits the largest absorption-edge shift, whereas PDI-C6 shows the smallest
photoluminescence shift [3], demonstrating that subtle variations in molecular packing
govern optoelectronic response. These results confirm that pressure acts as a clean
thermodynamic variable enabling systematic tuning of intermolecular interactions and
electronic structure in organic semiconductors.

The findings highlight high pressure as a powerful tool for controlling
polymorphism, molecular packing, and optoelectronic properties in PDI
semiconductors. Understanding these mechanisms provides a pathway for rational
design of stimuli-responsive organic electronic materials, including pressure sensors,
flexible optoelectronics, and tunable photovoltaic components.
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Fig. 1. The scheme of investigated PDIs.
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Spin crossover (SCO) complexes exhibit reversible transitions between low-spin
(LS) and high-spin (HS) states, typically triggered by temperature, pressure, or light. The
substantial volume change accompanying the HS—LS transition often couples SCO with
structural phase transitions, giving rise to multifunctional materials with complex phase
diagrams. Despite this, the mechanisms governing such coupled transitions remain
insufficiently understood, and systematic high-pressure studies are still relatively scarce.

Comprehensive high-pressure single-crystal X-ray diffraction (HP-SC-XRD)
investigations have been carried out across multiple classes of SCO materials. Molecular
SCO complexes [Fe''(H2B(pz)2)2(bipy)] and [Fe''(H2B(pz)2)2(phen)] (pz = pyrazol-1-yl,
bipy = 2,2'-bipyridine, phen = 1,10-phenanthroline) were examined up to 2 GPa and in
the temperature range from 100 to 300 K. The bipyridine complex exhibits a continuous,
isostructural SCO, whereas the phenanthroline derivative undergoes a symmetry-
breaking transition (C2/c — P1) concomitant with spin crossover. Notably, external
pressure modulates the coupling between structural and spin transitions, shifting from
nearly simultaneous HSc2e — LSp.1 to a sequential HScoe—LSc—LSp.1 pathway.
Structural analysis based on spontaneous strain and order-parameter correlations shows
that even nominally separated transitions remain strongly connected via elastic strain
coupling, whereas simultaneous transitions are partially split.

Additional examples include Hofmann-type coordination polymer clathrates with
2D planar networks, i.e. {Fe(R-pbpy )2[u*-M(CN)4]2-2H20}(pbpy = phenylbipyridi-
nium, R = CH3, M = Pd), in which the Fe!' spin transition is coupled to pressure-induced
electron transfer involving redox-active ligands.

These metal-organic frameworks display pronounced pressure-induced behavior,
including an unusual and fully reversible sequence of spin-state transitions
(HS—LS—HS—LS). The same reversible spin-state sequence is also observed in related
Pt-based compounds with different guest molecules, indicating a general character.

The above results provide fundamental insight into elastic coupling mechanisms
and establish pressure as an effective tool for tuning SCO behavior across both molecular
complexes and Hofmann clathrates, with implications for the design of multifunctional
materials with controllable spin states.
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Fig. 1. Average metal—ligand distance (circles) and unit cell volume (stars) for compound {Fe(CH3-
pbpy )2[u>-Pd(CN)4]2-2H,0} measured at different temperature and pressure values. Lines are guides for
the eye.
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Hybrid organic—inorganic perovskites are an emerging class of functional
materials that combine structural flexibility with strong dielectric and optoelectronic
responses. Their properties are governed not only by the inorganic framework but also
by the motion of molecular cations embedded in the lattice [1]. Understanding how this
molecular dynamics influences macroscopic electrical behavior is therefore essential for
future electronic and sensing applications.

In this work, we utilize two representative hybrid formates (formamidinium
manganese formate and acetamidinium manganese formate) to show that temperature
and pressure affect the dynamics of polar organic cations in markedly different ways.
Based on ambient- and high-pressure X-ray diffraction and broadband dielectric studies,
we prove that cation motion requires local framework rearrangements, introducing
energy and volumetric barriers, with relaxation strongly temperature-dependent due to
a phonon-related mechanism of motion. In contrast, the small moment of inertia of the
cage cations makes their dynamics surprisingly insensitive to pressure, despite
significant lattice compressibility and softness of hybrid perovskites. Consequently,
conversely to the common belief, relaxation times do not correlate with unit-cell volume
or hydrogen-bond lengths, indicating that electronic properties of hybrid organic-
inorganic compounds can be effectively tuned via external stimuli such as temperature
or pressure, without structural changes. These findings provide a fundamental
understanding of how molecular motion within the crystalline framework decouples
from lattice compression, highlighting a new strategy for controlling functional
responses in hybrid perovskites. This insight opens pathways for designing materials
with tunable dielectric and optoelectronic properties for next-generation electronic
devices [2].
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Soft porous crystals combine long-range structural order with the ability to
undergo reversible structural transformations. Their characteristic "breathing" behaviour
is governed by the interplay between framework flexibility and host—guest interactions,
with guest sorption stabilizing distinct structural states [1,2]. Hydroxylated trianglimine
crystals represent an intriguing example of such adaptive materials, combining molecular
shape persistence with structural responsiveness. Here, we report two distinct but related
phenomena observed in these crystals: spontaneous water uptake and release, and CO»-
induced breathing.

The trianglimine crystals contain 1 nm-wide channels that readily and reversibly
sorb water from the atmosphere. Hydration is accompanied by a pronounced colour
change that correlates with relative humidity as well as subtle reorganisation of host
structure. Combined experimental and computational studies further reveal that water
confined within the nanochannels remains dynamic at temperatures down to —70 °C,
enabling dehydration under conditions well below the freezing point of bulk water [3].

In addition to the open channels, the trianglimine crystals also contain isolated
voids that appear inaccessible to water molecules. However, in sifu diffraction and
microscopy studies demonstrate that CO> uptake induces cooperative molecular motions
that expand these voids, creating transient porosity and enabling further gas inclusion.
This reversible process results in macroscopic crystal elongation of approximately 10%
along a single crystal axis [4,5].

Fig. 1. Porous features of hydroxylated trianglimine crystals: the 1 nm-wide channels together with
isolated voids (left), and a view of the host matrix highlighting the open channels (right).
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Macrocycles and cages based on (anti)aromatic molecules are fascinating
synthetic targets; apart from having aesthetic 3D structures (refinement of which is
often a nightmare...), they are useful as functional materials with applications ranging
from host-guest chemistry, through catalysis, to molecular electronics [1-2].

In this talk, I will showcase some molecules with exciting crystal structures and
applications, that I have been working on recently. These include: (a) macrocyclic
organic battery materials (Fig. 1a) [3], (b) coordination cages capable of binding
fullerenes and small organic guests (Fig. 1b) [4], (c) sandwiched organometallic
complexes of [18]annulene (Fig. Ic) [5], and (d) giant porphyrin nanorings [6].
Although there will be a strong emphasis on the structural aspects of these molecules
and difficulties with getting usable data, the talk will be also intriguing for the part of
the audience interested in broadly defined materials chemistry, and I can promise many
synthetic flavours as well!

Fig. 1. Examples of discussed molecules: (a) anthraquinone-functionalised cycloparaphenylene nanohoop;
(b) MyLs-type coordination cage with encapsulated Ceo fullerene; (c) [18]annulene lithium sandwich.
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Crystallography is being asked to solve harder problems faster: smaller crystals,
more complex samples, higher throughput, and greater confidence in every structure.
In this session, we will highlight the latest innovations from Rigaku Oxford Diffraction
that help meet those demands across both electron and X-ray diffraction.

We will begin with the XtaLAB Synergy-ED, Rigaku’s dedicated electron
diffraction platform for 3D ED / MicroED. By combining the high-speed HyPix-ED
detector, CrysAlisPro for ED software, and JEOL electron microscope technology, the
system brings data collection, processing, and 3D structure determination into a single,
crystallography-focused workflow. Through real-world examples, we will show how
Synergy-ED extends routine structure analysis to nano- and microcrystalline samples
that may be inaccessible by conventional single-crystal X-ray diffraction.

We will then turn to Rigaku’s X-ray diffraction solutions based on the flexible
XtaLAB Synergy platform. From microfocus and rotating anode sources to Hybrid
Photon Counting detectors, these modular systems can be configured around the needs
of individual laboratories and applications. We will also introduce automation tools that
streamline daily operation, including the XtaLAB Synergy Flow robotic sample
changer, IGH3 automated crystal centering, and the XtalCheck-S plate scanner.

Finally, we will present the PhotonJetMAX-S, a new generation of ultra-bright
X-ray source designed to improve data quality, speed, and experimental throughput.

Join us to see how Rigaku’s latest technologies can help crystallographers move
from challenging samples to high-quality structures with greater speed, confidence, and
flexibility.
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NOWOCZESNE METODY ANALIZY STRUKTURY I FAZ
MATERIALOW: NOWE ROZWIAZANIA XRD OFEROWANE
PRZEZ FIRME SCANMAT I LANSCIENTIFIC

Patryk 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 materiatow statych.
Wraz z rozwojem technologii aparaturowej, systemy XRD staja si¢ coraz bardziej
wydajne, kompaktowe i1 dostosowane do zrdéznicowanych zastosowan — od badan
podstawowych po kontrole jakos$ci w przemysle. Prezentacja przyblizy nowe rozwigzania
XRD oferowane przez firm¢ Scanmat we wspotpracy z LANScientific.

67 Konwersatorium Krystalograficzne, Warsztaty
50 i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 24-26 VI 2026



R-12

OPROGRAMOWANIE HIGH SCORE PLUS - ZASTOSOWANIE
FUNKCJI SFERYCZNYCH W MODELOWANIU ZLOZONYCH
PRZYPADKOW UPRZYWILEJOWANEJ ORIENTACJI
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Funkcje (harmoniki) sferyczne (ang. spherical harmonics) wykorzystywane sg w
analizie danych pochodzacych z dyfrakcji rentgenowskiej do modelowania/korygowania
zmian intensywnos$ci refleksow wyniklych z teksturowania badanego materiatu.
Wspotezynniki modelu moga by¢ otrzymane podczas dopasowania profilu dyfrakcyjnego
tzw. metoda Rietvelda lub obliczone osobno z figur biegunowych probki. Model funkcji
sferycznych umozliwia modelowanie bardziej ztozonych przypadkow uprzywilejowanej
orientacji niz oparty na jednym parametrze model Marcha-Dollasa.
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MOZLIWOSCI BADAWCZE XRD POZA WARUNKAMI
OTOCZENIA

Kamil Urbanski

Anton Paar Poland Sp. z o.0., ul. Osmanska 14, 02-854 Warszawa

Nowoczesna dyfrakcja rentgenowska wykracza dzi§ daleko poza standardowe
pomiary prowadzone w warunkach otoczenia. Dzigki zaawansowanym rozwigzaniom
aparaturowym jak dyfraktometr rentgenowski XRDynamic 500 wyposazony
w przystawki non-ambient mozliwe jest nie tylko uzyskanie najwyzszej jakosci danych
dyfrakcyjnych, ale rowniez §ledzenie zmian zachodzacych w materiatach pod wplywem
réznorodnych czynnikdéw zewnetrznych.

Rys. 1. Dyfraktometr proszkowy XRDynamic 500.

Przystawki reakcyjne Anton Paar otwieraja nowe mozliwosci badawcze zar6wno
w nauce podstawowej, jak 1 w zastosowaniach przemystowych. Pozwalaja one na
szczegbtowe monitorowanie zmian strukturalnych materiatow podczas ogrzewania,
chlodzenia, reakcji w atmosferach gazowych czy proceséw katalitycznych, dostarczajac
cennych informacji nieosiggalnych w klasycznych pomiarach prowadzonych
w warunkach standardowych.

Rys. 2. Przystawki reakcyjne od Anton Paar.
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ILLUMINATING THE FUTURE
NOWA GENERACJA SYSTEM()W DO DYFRAKCIJI
POJEDYNCZYCH KRYSZTALOW (SC-XRD) FIRMY BRUKER

Michal Czaja

Labsoft Sp. z o.0., ul. Putawska 469, 02-844 Warszawa

Nowoczesne dyfraktometry monokrystaliczne stanowig podstawowe narzedzie
w badaniach struktury materiatow krystalicznych. W prezentacji zostang przedstawione
mozliwosci oraz kluczowe cechy systeméw D8 VENTURE i1 D8 QUEST firmy Bruker;
zaawansowanych platform do rentgenowskiej dyfrakcji monokrysztatlow (SC-XRD).

Kluczowym elementem dyfraktometrow D8 jest mikro-ogniskujace zrodio
promieniowania X z hybrydowa anodg diamentowa - IuS DIAMOND II. To
nowoczesne rozwigzanie stosuje blok z diamentu jako material odprowadzajacy ciepto
na metalicznej anodzie, umozliwiajagc wygenerowanie wigzki promieniowania X
o intensywnosci poréwnywalnej z tymi uzyskiwanymi dotychczas wylacznie za pomoca
zrodet z rotujaca anoda. Co wigcej konstrukcja zrodta IuS DIAMOND II nie wymaga
chlodzenia woda (wystarcza aktywne chlodzenie powietrzem), czyniac to rozwigzanie
duzo bardziej ekologicznym i bezpieczniejszym dla elektroniki (brak ryzyka wycieku).
Zrédta IuS DIAMOND II zachowuja wysoka intensywno$¢ réwniez w przypadku
promieniowania o wyzszej energii, takich jak promieniowanie Ag, stwarzajac zupetnie
nowe mozliwos$ci badawcze.

Rys. 1. Systemy do pomiaréw krystalograficznych pojedynczych krysztatéw (SC-XRD) firmy Bruker: D8
QUEST (po lewej) oraz D8 VENTURE (po prawe;j).

Dyfraktometry D8 stosuja najnowoczesniejsze detektory typu CPAD,
PHOTON 1V, wprowadzajac zupehlie inny sposob detekcji promieniowania X, niz
w standardowych detektorach HPC. Dzigki zastosowaniu konwersji fotonow poprzez
warstwe scyntylatorow mozliwe jest efektywne rejestrowanie promieniowania
o dowolnej energii (rowniez ze zrédel Ag). Konstrukcja detektoréw PHOTON IV
kompletnie minimalizuje btad paralaksy, zapewniajac lepsze odwzorowanie struktury
krystalicznej badanych probek.
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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 materiatow. Nasza linia produktow obejmuje
szeroka game dyfraktometrow rentgenowskich (XRD): systemy pomiaru naprezen
wlasnych 1 austenitu szczatkowego, dyfraktometry proszkowe, dyfraktometry Laue do
orientacji monokrysztatow oraz dyfraktometry o wysokiej rozdzielczosci. Ponadto
dostarczamy lampy rentgenowskie i sprzg¢t dostosowany do indywidualnych potrzeb
klientow. Od ponad 30 Ilat dostarczamy systemy pomiarowe dla S$rodowisk
laboratoryjnych, fabrycznych i terenowych. Nasi przeszkoleni specjalisci oferuja réwniez
ustugi pomiarowe w naszych laboratoriach w USA, Kanadzie i w Polsce,
akredytowanych ISO/IEC 17025:2017.

NAPREZENIA WEASNE I AUSTENIT SZCZATKOWY. Oferujemy szeroka
gam¢ dyfraktometrow do pomiaru naprezen wiasnych, aby zapewni¢ sprzet najbardziej
odpowiedni do Twoich potrzeb: szybkie systemy laboratoryjne LXRD, elastyczne
systemy iXRD® 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 systemow stacjonarnych, kompaktowych modeli podlogowych lub
bogato wyposazonych systeméw laboratoryjnych. Nasze dyfraktometry proszkowe,
wyposazone w wydajne detektory zliczajace fotony, charakteryzuja si¢ niezwykle
szybkim poborem danych, a jednoczesnie podaja bardzo doktadne wyniki. Linia
produktow AXRD® zapewnia lata wygody 1 wartosci nawet w najbardziej
wymagajacych badaniach materialdéw metodg dyfrakcji rentgenowskie;.

NIESTANDARDOWA DYFRAKCIJA. 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, ktéore moga pomoc w Twoich
zastosowaniach.

DYFRAKTOMETRY LAUE — ORIENTACJA MONOKRYSZTALOW. Mamy
szereg mozliwosci orientowania monokrysztatéw. Nasz laboratoryjny system Laue-COS
idealnie nadaje si¢ do orientowania i ci¢cia krysztatow w laboratoriach badawczo-
rozwojowych. Alternatywnie, nasze szybkie systemy Laue-HT s3 przeznaczone do
srodowisk kontroli na poziomie produkcyjnym, takich jak zaktady odlewnicze
monokrystalicznych topatek turbin.

LAMPY RTG. Produkujemy szerokag gam¢ wysokiej jakosci lamp
rentgenowskich. Nasz zaktad produkujacy lampy rentgenowskie moze réwniez tworzy¢
niestandardowe projekty do XRD, XRF lub obrazowania.

USLUGI POMIAROWE. Powierz swoje potrzeby w zakresie pomiaréw dyfrakcji
rentgenowskiej naszemu wysoko wykwalifikowanemu i1 kompetentnemu zespolowi.
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Nasze akredytowane laboratoria zachowuja najwyzsze standardy jakosci i doktadnie
przestrzegaja wszystkich procedur, zapewniajac dokladne zbieranie i przetwarzanie
danych. Dzigki ponad 25 dedykowanym systemom XRD mozemy zaspokoi¢ Twoje
potrzeby w zakresie pomiaréw laboratoryjnych 1 terenowych, zapewniajac szybka,
doktadng i wydajng obstuge.

Akredytacja ISO/IEC 17025:2017
Zarejestrowany w ITAR
Towary kontrolowane zarejestrowane
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LABORATORIUM ZAAWANSOWANYCH TECHNIK
RENTGENOWSKICH (LAXT-AGH): NOWA PLATFORMA DO
WIELOTECHNIKOWEJ CHARAKTERYZACJI MATERIALOW

Sebastian Wronski

Akademia Gorniczo-Hutnicza im. Stanistawa Staszica w Krakowie
Wydziat Fizyki i Informatyki Stosowanej
Katedra Fizyki Materii Skondensowanej

Na AGH w Krakowie uruchomiono Laboratorium Zaawansowanych Technik
Rentgenowskich  (LAXT-AGH), wyposazone w  wysokobrylantne  zrodto
promieniowania rentgenowskiego typu MetalJet pracujace z liniami In Ka (24,1 keV)
oraz Ga Ka (9,2 keV). Dzicki modulowej konstrukcji stanowiska oraz zastosowaniu
wymiennych uktadéw optycznych i réznych systemow detekcyjnych mozliwa jest
realizacja szerokiego zakresu eksperymentow z zakresu charakteryzacji materiatow.

Laboratorium  umozliwia  prowadzenie @ badan z  wykorzystaniem
wysokorozdzielcze] tomografii rentgenowskiej, obrazowania fazowego, mapowania
fluorescencji rentgenowskiej (XRF), dyfrakcji katowo-dyspersyjnej oraz dyfrakcji
energetycznej (EDD), a takze badan in-situ z zastosowaniem stanowiska
wytrzymato$ciowego. System wyposazono w detektory ptaskie, detektory hybrydowe
zliczajace fotony oraz detektory SDD i CdTe przeznaczone do badan spektroskopowych
1 dyfrakcyjnych.

Wyjatkowo wysoka jasno$¢ zrédta Metallet oraz elastyczna konfiguracja
aparatury umozliwiaja realizacj¢  eksperymentow inspirowanych technikami
synchrotronowymi w warunkach laboratoryjnych. W prezentacji przedstawiona zostanie
infrastruktura laboratorium oraz pierwsze przyklady zastosowan obejmujace
trojwymiarowe obrazowanie 1 wielomodowa charakteryzacje nowoczesnych materiatlow.
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WHICH METAL SHOULD I BIND?
METAL-BINDING, STRUCTURE AND FUNCTION OF
ARABIDOPSIS THALIANA ACETYLORNITHINE DEACETYLASE

Maciej Nielipinski', Agnieszka J. Pietrzyk-Brzezinska', Bartosz Sekula'

! Institute of Molecular and Industrial Biotechnology, Faculty of Biotechnology and

Food Sciences, Lodz University of Technology, ul. Stefanowskiego 2/22 90-537 L.odz

2 Interdisciplinary Doctoral School, Lodz University of Technology, ul. Zeromskiego
116, 90-543 Lodz

Arginine is a key nitrogen storage molecule in plants, hence its metabolism is
crucial for overall plant development. Its production starts with ornithine, which
putatively can be introduced into arginine metabolism via two distinct pathways —
cycling and linear (fig. 1A). The cycling pathway utilises N-acetylornithine glutamate
acetyltransferase (NAOGAT) to create ornithine and regenerate acetylglutamate. While
the structure of cycling pathway enzyme has been recently elucidated [1], the linear
pathway enzymes were not yet characterised.

The presence of linear pathway in plants is still discussed, as it is believed to be
characteristic for enteric and thermophilic bacteria and archea, and yeast, rather than
plants. Nevertheless, plants possess an enzyme believed to be acetylornithine
deacetylase (AOD, fig. 1B) [2]. It is putatively responsible for deacetylation of
acetylornithine with acetyl molecule release — without acetylglutamate regeneration.
However, recently its main activity has been put under investigation, as it has been
shown to be capable of complementing Cys-Gly dipeptidase knock-out yeast mutants
[3].

For most of the known homologs the active site contains either two zinc ions or
zinc and cobalt [4]. To identify the metals in 4tAOD active site we employed multi-
level analysis relying on geometry, anomalous dispersion and biochemical data. The
study reveals that due to unique composition of active site AtAOD prefers binding iron
(fig. 1C) over zinc or manganese.

A

Glutamate

. Omithine |

4 Arginine metabolism v

Fig. 1. A) Schematic representation of arginine metabolism organization. B) Side-view of AtAOD dimer,
C) AtAOD bimetallic active site with magnesium and iron bound with anomalous map contoured at 3c.
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Here we present structures of the linear pathway enzyme from Arabidopsis
thaliana with different composition of their bimetallic active site along PDB-wide query
of metal binding geometry. Additional analyses reveal discrepancies between known
paralogs and the plant protein, as well as database annotation and experimental results,
and dependence of active site composition on protein production environment.

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
Candidate in the Interdisciplinary Doctoral School at the Lodz University of
Technology, Poland.
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UNUSUAL ENANTIOMERIC CRYSTAL FORMS OF

N-CYCLOALKYL-4-METHYL-2,2-DIOXO-1H-2A%,1-

BENZOTHIAZINE-3-CARBOXAMIDES AND THEIR
BIOLOGICAL ACTIVITY

Svitlana Shishkina!, Igor Ukrainets?

I Institute of Organic Chemistry, NAS of Ukraine, Akademik Kukhar Street 5, Kyiv,
Ukraine
2 National University of Pharmacy, 53 Pushkinska str., Kharkiv 61002, Ukraine

The studied  N-cycloalkyl-4-methyl-2,2-dioxo-1H-2A%,1-benzothiazine-3-
carboxamides (cycloalkyl moiety = cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl) are not chiral molecules, but they can crystalize as a true racemic
form as well as an enantiomorphic crystal pairs. The racemic crystals contain molecules
of two conformation types, which are symmetric to each other with respect to an inversion
center or a mirror plane (Fig. 1). The appropriate choice of a solvent and crystallization
conditions allows to obtain pure enantiomeric crystals containing molecules of one
conformational type only. Enantiomorphic crystal pairs differ in the type of molecule
conformations found in them. Being enantiomeric, such crystals have the same unit cell
parameters and can be recognized only using the single crystal X-ray diffraction study
due to anomalous dispersion. We were able to show that it is the most plausible that the
ability of 1,2-benzothiazines to form chiral crystals
is caused by the fact that two oxygen atoms of the
sulfonyl group are non-equivalent in their hydrogen
bonds formation ability. Such a non-equivalence of
formally equal oxygen atoms results in an asymmetry
of the sulfur atom. Thus, the formation of
intermolecular interactions turns the sulfur atom into
a stereogenic center.

Similar to chiral molecules, the enantio-
morphic crystals revealed a significant difference in

\ their biological properties. Our study showed that the
analgesic activity is independent on the molecular or

\ crystal structure. In contrary, the diuretic activity

Y, proved to depend on the size of the cycloalkyl

X substituent in the case of racemic crystal forms. In all

the enantiomorphic pairs, the crystals containing

Fig. 1. Molecular conformations in conformer B have a much stronger diuretic effect as

enantiomeric crystals. compared to the crystals containing the mirrored

conformer A. Thus, knowledge of the exact crystal

form proves to be of a great importance for all developments and improvements of drugs
that contain the sulfonyl group.
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PYRIMIDINE-BASED ANTIMICROBIAL PLATFORMS: FROM
URACIL FUNCTIONALIZATION TO SILVER(I)-MEDIATED
BIOACTIVITY

Chris H. J. Franco*

Institute of Low Temperature and Structure Research, PAS, Okdlna 2, 50-422 Wroctaw

*e-mail: c.franco@intibs.pl

Pyrimidine derivatives represent an important class of bioactive molecules owing
to their structural versatility, hydrogen-bonding ability, and relevance in medicinal
chemistry [1,2]. In this work, we present a research line focused on the rational design of
antimicrobial pyrimidine-based systems through two complementary strategies:
(i) Organic functionalization of uracil derivatives [1] and (i) Metal coordination with
silver(I) [2]. In the first approach, a series of functionalized uracil derivatives bearing
amino, chloro, thioxo, methyl, formimidamide, and carboxymethyl groups were
synthesized and structurally investigated. Single-crystal X-ray diffraction, Hirshfeld
surface analysis, energy framework calculations, and solubility studies revealed that
subtle changes in the uracil core strongly affect hydrogen-bonding motifs, crystal
packing, lattice stabilization, and antibacterial response. In the second approach, the
pyrimidine scaffold was expanded into coordination chemistry through the self-assembly
synthesis of a silver(I) complex with 2,4-diamino-6-chloropyrimidine. The resulting
Ag(I)-pyrimidine compound exhibited a linear N-Ag-N coordination environment,
supramolecular stabilization, good stability in aqueous and saline media, and gradual Ag"
release. Biological assays demonstrated antimicrobial activity against Gram-positive and
Gram-negative bacteria, as well as antifungal and antileishmanial effects. These studies
show that pyrimidine scaffolds can be rationally tuned by functionalization or metal
coordination to control solubility, supramolecular organization, stability, and
antimicrobial activity, providing a versatile platform that evolves from organic
derivatives to Ag(I)-based systems with controlled Ag" release.
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Fig. 1. Pyrimidine-based metal complexes emerge as potent bioactive agents, surpassing the activity of
free pyrimidines.
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RARE-EARTH BASED ICOSAHEDRAL QUASICRYSTALS WITH
LITHIUM

Ireneusz Buganski', Stanislav Vrtnik*3, Radoslaw Strzalka'!, Andreja Jelen?,
Sandra Drev?, Janusz Wolny', Nobuhisa Fujita*

'Faculty of Physics and Applied Computer Science, AGH University of Krakow,
Al. Mickiewicza 30, Krakow, 30-059, Poland
2Jozef Stefan Institute, Jamova 39, Ljubljana, SI-1000, Slovenia
3Faculty of Mathematics and Physics, University of Ljubljana, Jadranska 19,
Ljubljana, SI-1000, Slovenia
Institute of Multidisciplinary Research for Advanced Materials, Tohoku University,
Sendai, 980-8577, Japan

Rare-Earth (RE) based Bergman quasicrystals constitute an important group of
3D quasicrystals. We plan to discuss the structural refinement of ZnMgEr phase [1] that
will have consequences for elemental substitution in search for the magnetically ordered
quasicrystal.

Long-range magnetic order, both ferromagnetic and antiferromagnetic, was
discovered in Tsai type icosahedral quasicrystals [2,3]. Inspired by this research, we
started searching for magnetic order in remaining classes of icosahedral quasicrystals,
particularly Zn-Mg-RE Bergman type family. Since all Zn-Mg-RE quasicrystals are
spin-glass phases, we incorporated the idea of tuning RKKY interaction through doping
and made a substitution of Mg(II) to Li(I).

Samples of ZnMg(Dy, Er, Ho, Tm)Li were prepared with a self-flux method by
replacing 5 at.% of Mg in the original melt with Li [4]. That resulted in the formation of
the faceted quasicrystals exhibiting icosahedral morphology (Fig. 1). By means of the
single-crystal X-ray diffraction, we could determine that the substitution site is the RE
atom located in the center of local Tsai clusters. Therefore, the addition of Li does not
only replace the magnetism-bearing atom, but also decreases the number of valence
electrons as RE**=>Li!*. Magnetic properties are now under study.

ZnggMgyq gErg olis 3
Annealing: 32 h

Fig. 1. The morphology of ZnMgErLi grain.
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DATA REDUCTION OF F-TYPE ICOSAHEDRAL
QUASICRYSTAL

Maciej Zak, Radoslaw Strzatka

Wydziat Fizyki i Informatyki Stosowanej, AGH w Krakowie

In my presentation, I will give an overview of how to perform a complete process
of XRD data treatment of an icosahedral quasicrystal single-crystalline sample using
CrysAlis™ software provided by Rigaku. The procedure involves a hand-selection of
icosahedral reciprocal space vector basis, indexation of diffraction reflections® positions,
and integration of reflections® intensities using the RED module of CrysAlis™.
Diffraction pattern of icosahedral quasicrystals can only be indexed with a 6D vector
basis, which requires non-standard analysis in diffraction analysis. CrysAlisPro is
a unique (and the only one) tool that enables the complete diffraction analysis of aperiodic
crystals [1].

We focused on the icosahedral system of ZnMgRE (RE={Y,Tb,Dy,Ho,Er,Tm})
family with F-type centering of a 6D unit cell and Bergman-type atomic clusters in the
atomic structure. This system is particularly interesting in search of magnetism of
Bergman-type quasicrystals [2,3]. Recently, a detailed analysis of the influence of the RE
element on structural disorder in this system was performed [4] (see a poster by
R. Strzalka et al.), to which project my analysis contributed. The samples were prepared
by I. Buganski using a self-flux method, and the XRD data were collected by J. Kusz
using an Agilent SuperNova diffractometer with an Atlas CCD detector. The
measurement was carried out at 100 K with a Mo lamp.

The CrysAlis™™ software was shared by Rigaku upon request.
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NOWY HYBRYDOWY KRYSZTAL ORGANICZNO-
HALOGENKOWY: CHARAKTERYSTYKA WZROSTU
I WEASCIWOSCI SCYNTYLACYJNE

Daniel M. Kaminski'!, Arkadiusz Matwijczuk?, Klaudia Rzad?, Andrzej Gérecki’,
Radoslaw Zaleski*

I Faculty of Chemistry, Maria Curie-Sklodowska University, 20-031 Lublin, Poland
2 Faculty of Biophysics, University of Life Sciences, 20-950 Lublin, Poland
3 Faculty of Biochemistry, Biophysics and Biotechnology, Department of Physical
Biochemistry, Jagiellonian University, Gronostajowa 7, 30-387 Krakow, Poland
* Faculty of Biochemistry, Biophysics and Biotechnology, Department of Physical
Biochemistry, Jagiellonian University, Gronostajowa 7, 30-387 Krakow, Poland

Krysztalty scyntylacyjne sa sercem detektorow promieniowania — od
zaawansowanej medycyny (tomografia PET) po systemy bezpieczenstwa i fizyke
czastek. Dzialaja jak $wiatla ostrzegawcze: im szybciej "mrugng" po uderzeniu
promieniowania, tym lepiej i precyzyjniej dziata cate urzadzenie. Niestety, obecnie
uzywane standardy, takie jak krysztaty CsI(TI), sa zbyt wolne, co ogranicza szybko$§¢
irozdzielczos¢ nowoczesnych skanerow. Czas ich emisji jest mierzony
w mikrosekundach, co staje si¢ gtdbwnym hamulcem technologicznym. Odpowiedzig na
to wyzwanie jest zupelnie nowa klasa materialow wprowadzajaca rewolucyjne podejscie
funkcjonalne, w ktorym nieorganiczna struktura nosna efektywnie absorbuje
promieniowanie jonizujace, a wprowadzony w jej sie¢ krystaliczng organiczny
domieszkant btyskawicznie emituje sygnat §wietlny (Rys. 1). Osiaggnigciem tej nowej
generacji krysztaldw jest uzyskanie czasu emisji az o dwa rzedy wielkosci krotszego
w porownaniu do powszechnie stosowanych standardow komercyjnych. Spektakularnym
dowodem skutecznos$ci tej strategii jest nowo zsyntetyzowany, hybrydowy krysztat
organiczno-halogenkowy opisany w renomowanym czasopisSmie Crystal Growth &
Design.

Rys. 1. Krysztal hybrydowy Csl (Fluorofor) jako nowej generacji material do budowy scyntylatoréw (po
lewej) Fluorescencja krysztatu po naswietleniu promieniowaniem UV 254nm (po prawej).

Ten wysokiej jakosci monokrysztal, uzyskany w postaci potcentymetrowych
blokow o doskonalej przezroczystosci optycznej, wykazuje unikalng struktur¢ oraz
superszybki czas odpowiedzi w zakresie nanosekundowym, stanowigc bezposredni
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przetom nad dotychczasowymi materiatami domieszkowanymi talem (CsL:TI).
Przetomowe mozliwosci, jakie daje to nowatorskie podejscie, tkwig w unikalnej metodzie
wytwarzania. Zastosowanie autorskiej, zaawansowanej technologii kontrolowanego
wzrostu krysztatow z roztworu pozwala na powtarzalne, jednorodne i stabilne
wbudowywanie delikatnych czasteczek organicznych bezposrednio w gesta matryce Csl.
Pierwsze pomiary dyfrakcyjne tego nowego materialu sg niezwykle obiecujace —
charakterystyka dyfrakcji rentgenowskiej (PXRD) jednoznacznie potwierdza wysoka
czystos¢ fazowa, doskonate zachowanie dalekiego uporzadkowania sieciowego oraz
minimalny wptyw domieszki na napr¢zenia strukturalne matrycy. Cho¢ na obecnym
etapie zidentyfikowano fizykochemiczne wyzwanie w postaci silnego wygaszania
fluorescencji przez ci¢zkie jony jodkowe, problem ten jest w pelni rozwigzywalny.
Zaktada catkowite przezwyciezenie tego zjawiska poprzez ukierunkowang inzynieri¢
molekularng i modyfikacj¢ struktury chemicznej fluoroforu. Niezwykle waznym
elementem optymalizacji tego procesu jest rownolegle zastosowanie zaawansowanej
spektroskopii badania czaséw zycia pozytonow (PALS). Ta czuta metoda pozwala na
bezprecedensowg, nanoskopowa charakterystyke wolnych objetosci oraz defektow
punktowych, dajac pelng kontrole nad struktura. Ta nowa strategia jednoznacznie
dowodzi, ze stabilne krysztaly hybrydowe stanowig materiat o ogromnym potencjale
aplikacyjnym i wdrozeniowym dla systeméw detekcji przysztosci.
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HYBRID MOLECULAR METAL HALIDES

Anna Gagor, Mirostaw Maczka, Dawid Drozdowski, Magdalena Rowinska

Instytut Niskich Temperatur i Badan Strukturalnych im. Wlodzimierza Trzebiatowskiego
Polskiej Akademii Nauk, ul. Okolna 2, 50-422 Wroctaw

Organic-inorganic hybrid materials combine desirable features, including facile
synthesis, cost-effectiveness, and tuneable electrical, electronic, and optical properties.
Owing to the interplay between flexible organic moieties and metal-halide polymeric
units, these compounds frequently display pronounced temperature-driven
polymorphism. The resulting structural diversity is often accompanied by a broad range
of physical phenomena, highlighting their potential for multifunctional applications [1].
For example, metal iodides are distinguished by narrow band gaps, efficient photovoltaic
response, and reversible thermochromic behaviour [2].

The rational design of hybrid metal halides with targeted properties remains
a significant challenge due to the multitude of factors influencing structural phase
transitions and atomic arrangements. Key molecular factors include symmetry, size,
dipole moment, and dynamics, whereas dimensionality, flexibility, and distortions govern
the inorganic framework. In this contribution, I will discuss selected examples of organic-
inorganic hybrid materials, with particular emphasis on temperature-induced
polymorphism, reconstructive phase transitions, recrystallization, and self-healing
processes. Attention will be focused on the molecular mechanisms underlying phase
transitions and structure-property relationships, as well as on the pivotal role of
supramolecular interactions, especially hydrogen bonding and halogen-:-halogen
contacts in stabilizing distinct polymorphic forms and tuning their electrical, electronic,
and optical responses.
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Three-dimensional electron diffraction (3D ED) was used to determine the
crystal structure of silver hypodiphosphate, Aga(P2Og). Its average hexagonal structure
belongs to the P63/mcem space group and is isomorphous with the average structure of
Lis(P2Se) [1]. Silver cations form hexagonal atomic ring layers, while the channels at
the centre of each ring are occupied by hypodiphosphate anions, whose P—P bonds align
along the unique c axis. The P>O¢* anions exhibit disorder: phosphorus atoms occupy
two distinct positions with 50% occupancy each, sharing common oxygen atoms (Fig.
la) that form an octahedral coordination environment around the silver cations.
Neighbouring columns exhibit correlated disorder, where P—P bonds align either at the
same level (ferro-type) or at alternating levels (antiferro-type), resulting in diffuse
scattering on Akl layers with odd / values (Fig. 1b). Simulations using a geometrically
frustrated Ising-type model closely match the experimental data, elucidating the short-
range antiferro-like arrangement of the disordered anions [2].

(a)
I-»a

(b)

Fig. 1. Crystal structure packing view of Ag4(P,Og) along b axis as an average structure with two
possible arrangements of the hypodiphosphate anions, shown in violet and blue colours, (a)
and diffuse scattering streaks on 4kl reciprocal plane (b).
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STRUCTURE DETERMINATION OF PUTRESCINE
N-METHYLTRANSFERASE FROM NICOTIANA TABACUM

Kacper Zielak, Agnieszka J. Pierzyk-Brzezinska, Maciej Nielipinski,
Bartosz Sekula

Institute of Molecular and Industrial Biotechnology, Faculty of Biotechnology and Food
Sciences, Lodz University of Technology, Stefanowskiego 2/22, 90-537

One of the enzymes participating in the biosynthetic pathway of nicotine and other
tropane alkaloids, is putrescine N-methylotransferase (PMT). It belongs to the transferase
class catalysing methylation of one amine group of putrescines (PUT), using
S-adenosylmethionine (SAM) as a methyl group donor [1]. Phylogenetic analysis
confirms that PMT  clusters within the same protein superfamily
as aminopropyltransferases, supporting their evolutionary relatedness within polyamine
biosynthesis enzymes [2].

Due to the lack of structural information on plant PMT, we aimed to determine its
structure. We successfully resolved the structure of Nicotiana tabacum PMT1 (NtPMT1)
at a resolution of 2.03 A. The protein is built of two distinct domains: an N-terminal
domain (residues 86-139) and a C-terminal domain (residue 86-139). The smaller
N-terminal domain appears to stabilise protein structure, whereas the larger C-terminal
domain is responsible for catalytic activity and which accommodates both the substrate
(PUT) and the cofactor (SAM) within the active site.

The catalytic reaction is based on the SN2 mechanism, where a methyl group is
directly transferred from SAM to the amine group of putrescines. Structural analysis of
NtPMT]1 revealed a loop region that, similarly to other homologous proteins, can switch
between open and closed states during the catalysis. These results indicate that this loop
likely regulates substrate entry and proper positioning of the cofactor [3].

Fig. 1. Structure of NtPMT 1 witch putrescine and S-adenosylhomcysteine, as ligands in active centre.
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Reverse transcriptases (RTs) are essential enzymes that catalyze the conversion
of single-stranded RNA into double-stranded DNA [1], a central step in the life cycle of
retroviruses, retrotransposons, and related viruses. Despite a conserved structural core-
most notably the canonical “right-hand” DNA polymerase architecture-RTs employ
diverse mechanistic strategies that depend on their evolutionary origin, oligomeric state,
and substrate interactions.

Here, we integrate structural and biochemical data from multiple RT systems,
including retroviral, (XMRV) [2], retrotransposon (Ty3) [3], foamy viral protease-reverse
transcriptase (PR-RT) [4], and pararetroviral Cauliflower mosaic virus (CaMV) RT [5].
Across these enzymes, substrate recognition near the polymerase active site is highly
conserved, but major differences emerge in RNase H organization, enzyme
oligomerization, and coordination of catalytic activities.

Ty3 RT forms a substrate-induced asymmetric homodimer in which DNA
polymerase and RNase H activities are separated between the two subunits, providing
functional specialization. In contrast, retroviral RTs such as HIV-1 operate as
heterodimers, with both catalytic functions residing within a single subunit, while the
second subunit serves a structural role. Monomeric RTs of gammaretroviruses (e.g.,
XMRV) exhibit a flexible RNase H domain that becomes ordered only upon substrate
binding, enabling dynamic regulation of RNA cleavage.

Foamy viral PR-RT introduces further complexity by displaying substrate-
dependent oligomerization: it binds RNA/DNA as a monomer but forms asymmetric
dimers on dsDNA. Extending this paradigm, structural and biochemical characterization
of CaMV RT reveals yet another distinct mechanism. CaMV RT forms a stable
monomeric complex with RNA/DNA and is fully competent for DNA polymerization as
a single subunit. However, efficient RNase H activity requires transient association of
a second RT molecule, indicating a division of function that is dynamic rather than
structurally fixed. Notably, the RNase H domain in CaMV RT adopts an inactive
conformation in the monomeric complex, and RNA cleavage occurs only upon
recruitment of an additional molecule positioned by the polymerase-bound enzyme.

Across all systems, differences in substrate trajectory, RNase H positioning, and
interdomain communication lead to distinct spacing between polymerase and cleavage
sites, thereby shaping catalytic timing and coordination. Collectively, these findings
highlight that RTs share a conserved structural organization but utilize fundamentally
different mechanistic solutions-from stable dimers to transient assemblies and highly
mobile domains-to accomplish reverse transcription.
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GTPase-activating proteins (GAPs) are a diverse family of regulators that
recognize Rab GTPases and promote their inactivation. The common feature of all GAPs
is the presence of TBC (Tre-2/Bub-2/Ccd16) domain, with two highly conserved motifs
IxxDxxR and YxQ engaged in GTP hydrolysis. Up until now, abnormal activity of Rabs
has been connected with the prevalence of neurodegenerative diseases, cancer, immune
disorders, and type 2 diabetes [1]. This positions the small GTPases as promising
molecular targets for the treatment of these diseases. Unfortunately, the lack of a well-
defined binding pocket suitable for small molecules makes them challenging therapeutic
candidates. However, it is possible to influence their activity through their regulatory
proteins — GEF, GDI and GAP [2].

Fig. 1. Structure of the TBC domain of murine TBC1D17 protein.

Recently, we have analyzed the structure of the Rablb and TBC1D20 complex,
and based on that, the set of helical peptides was designed and synthesized. We have
screened their biological activity in vitro and identified leading molecules that will be
introduced into experiments on mammalian cells. Moreover, we have crystallized and
solved the structure of murine and human TBC1D17 proteins and designed molecules
targeting their interaction with Rab5a protein, by homology to known structures. We have
also performed a functional analysis of this GAP protein and revealed the importance of
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the Rab-binding domain (RBD) in mediating Rab5a-TBC1D17 interactions [3]. It is
worth noting that this feature was omitted in previous research on this protein [4]. This

discovery gives the new opportunity for designing and synthesis of molecules targeting
Rab5a-TBC1D17 interaction.
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Czynnik translacyjny elF5A nalezy do wysoce konserwowanych ewolucyjnie
biatek wystgpujacych u organizméw eukariotycznych i archeonéw. Chociaz historycznie
zostat sklasyfikowany jako czynnik inicjacji translacji, obecnie wiadomo, ze jego
zasadnicza rola dotyczy przede wszystkim elongacji translacji oraz wspomagania syntezy
niektorych fragmentow polipeptydowych, w tym fragmentow bogatych w reszty
prolinowe [1,2]. eIF5A uczestniczy rowniez w regulacji wielu proceséw komodrkowych,
takich jak proliferacja, adaptacja metaboliczna, odpowiedz na stres oraz rozwoj
organizméw eukariotycznych [3,4].

Wyjatkowa cechg elF5SA jest obecnos¢ hypuzyny — nietypowego aminokwasu
powstajacego w wyniku unikatowej modyfikacji potranslacyjnej konserwowanej reszty
lizyny. Hypuzynacja przebiega dwuetapowo: syntaza deoksyhypuzyny (DHS) przenosi
grupe aminobutylowa spermidyny na reszt¢ lizyny prekursora elF5A, tworzac
deoksyhypuzyne, ktora nastepnie jest hydroksylowana przez hydroksylaze
deoksyhypuzyny (DHPH) [4,5]. Modyfikacja ta jest niezb¢dna do peinej aktywnos$ci
biologicznej elF5A, jednak strukturalne podstawy dziatania ro§linnych homologéw tego
bialka oraz wpltyw hypuzynacji na ich wlasciwosci pozostaja nadal niewystarczajaco

poznane.
\/\/\
NH; \/\/\N Hy
Lys50
deoxyhypusme deoxyhypusme
elF5A Byre deoxyhypusinated hy‘ggxg:jse hypusinated eIF5A
precursor (DHS) elF5A (active)

Rys. 1. Schematyczne przedstawienie szlaku hypuzynacji. Zrodto: [1].

Celem badan byta analiza strukturalna biatek zwigzanych ze szlakiem
hypuzynacji u Arabidopsis thaliana, ze szczegdlnym uwzglednieniem czynnika eIF5A-1.
W  ramach pierwszego etapu przeprowadzono nadprodukcje 1 oczyszczanie
rekombinowanych biatek DHS, DHPH oraz eIF5A-1 w bakteryjnym systemie
ekspresyjnym Escherichia coli. Oczyszczone preparaty wykorzystano do préb
krystalizacji z uzyciem komercyjnych zestawdw screeningowych. Uzyskano krysztaly
bialtka elF5A-1. Model strukturalny eIF5A-1 udoktadniano i zwalidowano. Dodatkowo
wykonano analizy poréwnawcze homologéw strukturalnych, przyréwnanie sekwencji
aminokwasowych oraz ocen¢ konserwatywnosci regionéw funkcjonalnych.
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Otrzymane rezultaty stanowig podstawe do dalszych badan nad zalezno$cia

miedzy struktura, hypuzynacjg i funkcjg elF5SA-1 u roslin.
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Haemoglobin is one of the main vertebrate blood proteins and is responsible for
transporting oxygen, which is essential for most living organisms. Changes in its structure
are directly linked to evolutionary processes that enabled adaptation to diverse
environments, including aquatic and terrestrial habitats as well as extreme temperatures
[1]. Current research on haemoglobin focuses mainly on mammals, while data on other
vertebrate classes remain scarce.

Haemoglobin consists of two a and two 3 subunits creating a tetramer structure.
In fish, we can usually find several isoforms of haemoglobin subunits. This diversity is
generally associated with changing environmental conditions experienced during the fish
life cycle [2]. The teleosts are a diverse group of fish that include the Salmonidae family.
This group was shown to exhibit multiple haemoglobin gene isoforms [1]. During the
genomic studies of the Atlantic salmon (Salmo salar) over six distinct genes were found
for each of the haemoglobin subunits [3]. Additionally, in the UniProt database over 20
protein sequences were deposited for each of the haemoglobin subunits with percent
identity varying from 50 to 99%, which further confirms the diversity of these proteins
[4].

The conducted research focused on isolation and crystallization of haemoglobin
from the blood of Atlantic salmon. We managed to obtain good quality crystals and
perform initial measurements using a laboratory diffractometer SuperNova. The crystals
are also intended to be measured on a synchrotron. The structure solved based on the
initial measurements (2.8 A) can than act as a model for molecular replacement after
obtaining higher quality diffraction data.

Atlantic salmon is one of the most commonly consumed fish in Europe. Salmon
farming generates substantial waste, including iron-rich blood. Since iron deficiency is
among the most widespread health problems, studies on salmon blood may contribute to
development of an easily bioavailable supplement to help treat anaemia while supporting
circular-economy approaches through the utilization of fish-processing by-products.
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Progressive climate change and crop diseases are among the greatest challenges
facing modern agriculture. Plants are exposed to stressors such as high temperature,
salinity or phytopathogens, which negatively affect crop quality and yield [1]. Natural
methods that enhance plants’ stress response and promote their growth without
negatively impacting the environment are sought. Promising research area may
represent endophytic bacteria from Bacillus genus, whose ability to synthesize
polyamines helps increase resistance to stress factors [2].

S-Adenosylmethionine decarboxylase (SAMDC) participates in polyamine
biosynthesis providing a cofactor in a form suitable for polyamine synthases. SAMDC
is synthesized in an inactive form as a proenzyme. It is activated by internal
autoproteolysis, forming two subunits (o and ) and pyruvate prosthetic group [3].
Currently, no structure of SAMDC from bacteria belonging to Bacillus genus has been
deposited in Protein Data Bank.

Genome of the endophytic bacteria Bacillus thuringiensis GS1 was screened for
the presence of genes that encode SAMDC, the identified gene was isolated and then
cloned into an expression vector to produce recombinant protein in E. coli. The
resulting protein was subjected to a multi-step purification process, which effectiveness
was confirmed by electrophoretic analysis. The purified protein was concentrated and
then crystallized. Protein crystals were subjected to X-ray diffraction experiment, and
obtained data were used to determine preliminary three-dimensional SAMDC structure.

Fig. 1. Biological assembly of BSSAMDC.
This research was funded by National Science Centre, Poland grant Sonata-Bis-15 2025/58/E/NZ8/00097.
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Fabrication of RE-doped YAG transparent ceramics by reactive sintering requires
sintering additives in order to increase the diffusion mobility of constituent ions during
the high-temperature sintering stage. Typically, heterovalent cations are used as the
sintering aids. They create point defects in YAG crystalline structure and change the
equilibrium concentration of defects by orders of magnitude, even if the tiny doping
concentration is utilized. Most common sintering aids for YAG are Si*" ions, Mg** ions
or their combination Si*'+Mg?". However, the knowledge on solubility limits of these
ions in the crystalline structure of YAG is limited and often contradictory. This is mainly
due to different starting materials used, variation of processing conditions of ceramics,
etc. In this work, we focus mainly on the solubility of Mg?* in the YAG matrix and its
comparison with literature data for Si**, as well as for Si*'+Mg*" cations.

YAG transparent ceramics doped with different concentrations of Mg*" or
Si*'+Mg?" were prepared by the reactive sintering method using high-purity starting
oxides. The lattice parameter of YAG was studied by the XRD method. The main types
of point defects and their effect on the lattice parameter in YAG:Mg>" have been
identified based on the results of DFT calculations. The experimental data of lattice
parameters of YAG:Mg** ceramics were compared with the calculated ones in order to
identify the most thermodynamically favorable defects.

The processes of synthesis, structural-phase state, and optical properties of YAG
ceramics doped with MgO sintering aid (0-0.15 wt.%), have been studied. It was
determined that magnesium ions activate diffusion mass transfer due to the reduction of
grain boundary mobility and the formation of complex defects. The optical homogeneity
of YAG ceramics is achieved under MgO doping in the concentration range of 0.03—0.06
wt.%. It was shown that exceeding this concentration leads to the formation of secondary
magnesium—aluminum spinel phases in the ceramics, resulting in the degradation of their
optical properties.

The mechanisms of magnesium ion incorporation into the structure of yttrium—
aluminum garnet have been identified, and the solubility limits of Mg" in transparent
YAG:Mg?" ceramics have been clarified. It was established that doping with magnesium
ions in the concentration range of 0—0.06 wt.% leads to a linear increase in the lattice
parameter of YAG. Further increase in concentration is accompanied by a stepwise
decrease in the lattice parameter due to the formation of secondary magnesium-rich
phases. The solubility limit of magnesium ions in the garnet structure is found to be within
the concentration range of 0.06—0.10 wt.% MgO. Theoretical calculations and XRD data
indicate that Mg?" ions are incorporated into the YAG structure by substituting AI**
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cationic positions, with the formation of oxygen vacancies compensating for the excess
charge.

It was shown that co-doping of YAG ceramics with Si*", Mg?" ions significantly
increases their solubility limit. There is a linear dependence of the lattice parameter on
the concentration of Mg?" at least up to 0.12 wt.% (and most likely to higher
concentrations). This confirms the prediction [1] that co-doping by Si** and Mg** ions
could decrease the solid-solution formation energy in YAG lattice. Thus, utilization of
Si*+Mg?* complex sintering aid expands significantly the useful concentration range of
additives while retaining essential for laser ceramics single-phase state.
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Wegiel jest jednym z najwigkszych zrodet energii nieodnawialnej w Polsce i na
swiecie. W procesach spalania wegla powstaja duze ilo$ci popiotu, zatem istotne jest ich
wykorzystanie. Material ten jest czgsto wykorzystywany w budownictwie jako
wypehiacz pod budowe drog i budynkow, lub jako materiat wigzacy. Zaznajomienie si¢
ze sktadem fazowym popiotéw z wegli, jak i samych wegli przed spopieleniem, pozwala
na ich ponowne wykorzystanie w réznych dziedzinach przemyshu. Wiekszos¢ wegli
bogatych w krzemionk¢ moze postuzy¢ do produkcji szta, ceramiki i materiatow
budowlanych, z kolei tlenki Zelaza, w przemysle metalurgicznym, czy tez do produkcji
pigmentéw 1 farb. Niektére popiolty o moga by¢ wykorzystane jako cenne zrodio
pozyskania pierwiastkow ziem rzadkich (REE) lub germanu, tytanu czy srebra.

W pracy przedstawiono wyniki analizy dyfrakcyjnej XRD z uzyciem Rigaku
MiniFlex600 wybranych wegli kamiennych 1 brunatnych. Celem pracy byla identyfikacja
sktadu fazowego probek oraz przedstawienie mozliwych zastosowan ich popiotow jako
surowca wtornego. Analize fazowa (jakoSciowa 1 iloSciowa) otrzymanych
dyfraktogramow przeprowadzano, wykorzystujac oprogramowanie SmartLab Studio 11
firmy Rigaku.
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NITROWEGO ZWIAZKU KOORDYNACYJNEGO NIKLU
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Wydziat Chemii Uniwersytetu Warszawskiego, ul. Pasteura 1, 02-093 Warszawa

Materiaty fotoprzetaczalne stanowig przedmiot zainteresowania nowoczesnych
nauk materialowych. Wsrdd potencjalnych zastosowan takich materiatow wyrédznia sig¢
katalizatory, sensory lub no$niki pamigci. Istota ich dzialania jest ,,przetaczenie” pod
wplywem $wiatla, wigzace si¢ chociazby ze zmiang struktury na poziomie molekularnym,
w wyniku czego zmieniajg si¢ pewne wlasciwosci materiatu.

Celem projektu byto zbadanie zdolno$ci fotoprzetaczalnych kompleksu niklu
(dalej nazywanego Ni-f) przy pomocy rentgenografii strukturalnej. W stanie
podstawowym brunatnoczerwony Ni-f krystalizuje w grupie przestrzennej P1, atom niklu
w nim jest skoordynowany oktaedrycznie przez czterokleszczowy, plaski, organiczny
ligand oraz dwie grupy NO2, z czego jedna wystepuje jako izomer nitro
a druga jako izomer egzo-nitrito. Wybrano dobrej jakosci monokrysztal badanego
zwigzku 1 przeprowadzono pomiary dyfraktometryczne w temperaturze 100 K przed
naswietlaniem (utrzymujac krysztal w zupelnej ciemnosci) oraz po 30 minutach
naswietlania $wiatlem niebieskim o maksimum natezenia przy dlugosci fali réwnej
470 nm [1].

Rys. 1. Struktura nieprzetaczonego kompleksu Ni-f (po lewej) oraz forma przetaczona (po prawej).

Zgodnie z oczekiwaniem, po rozwigzaniu struktury zauwazono przetaczenie tylko
jednej z grup NO> zwigzku z konformacji nitro na konformacj¢ endo-nitrito. Stopien
maksymalnej konwersji okreslono jako 80%. Przeprowadzono takze pomiary w réznych
temperaturach i ustalono nikla trwato$¢ izomeru endo-nitrito powyzej 120 K. Zwigzek
scharakteryzowano rowniez za pomoca spektroskopii IR 1 wykonano pomiary absorpcji
krysztalu w zalezno$ci od temperatury.

Serdeczne podzigkowania dla grantu SONATA BIS (2020/38/E/ST4/00400) za wsparcie finansowe,
a takze dla mgdrych i wspanialych ludzi, ktorzy swojq pracq przyczynili sie do tych badan.
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AMU4 A NEW NICKELII)-MOF
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Poznan, 61-614, Poland

Metal-organic frameworks and related coordination materials attract considerable
attention due to their porosity, structural diversity, and tunable architectures,
a significance recently highlighted by the 2025 Nobel Prize in Chemistry [1].
Temperature and pressure can affect their crystal packing, coordination geometry, and
pore dimensions, making them suitable systems for studying framework flexibility under
non-ambient conditions [2,3].

In this work, we present the synthesis and structural characterization of a new
nickel(Il)-based permanently porous material, denoted as AMU4 [4-6]. Single crystals of
AMU4 were grown by a slow-diffusion technique, in which solutions of the starting
materials of different densities are carefully layered in a test tube. The crystallization
process is moderated by an intermediate solvent layer, allowing a slow interdiffusion of
the reagents and gradual formation of single crystals suitable for structural analysis.

The crystal structure of AMU4 was first determined under ambient conditions.
Subsequently, low-temperature and high-pressure single-crystal X-ray diffraction
experiments were performed to investigate the stability and flexibility of the framework,
with particular attention to changes in pore dimensions. To further characterize the
structural modifications in AMU4, high-pressure Raman spectroscopy was additionally
employed. The combined diffraction and spectroscopic investigations of AMU4 under
non-ambient conditions provide a basis for evaluating the flexibility of this material,
contributing to the development of novel porous materials with improved stability at
highly strained environments.
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TEMPERATURE EFFECT ON NDI AND PDI DERIVATIVES
STRUCTURE

Gracjan Russ, Szymon Sobczak

Adam Mickiewicz University, Chemistry Faculty, ul. Uniwersytetu Poznanskiego 8,
61-614, Poznan

Naphthalenediimide (NDI) and perylenediimide (PDI) derivatives belong to an
important class of organic semiconductors whose optoelectronic properties are strongly
governed by molecular aggregation and the formation of characteristic one-dimensional
n-stacks. NDI- and PDI-based systems are prominent electron-accepting organic
semiconductors, in contrast to the more common electron-donating organic materials.
Their high chemical and thermal stability, together with the possibility of structural
modification through imide substitution, makes them promising alternatives to
inorganic materials used in photovoltaic devices [1], light-emitting diodes [2], flexible
batteries [3], and other optoelectronic applications.

Presently, we selected homologs 2,7-diethylbenzo[lmn][3,8]phenanthroline-
1,3,6,8(2H,7H)-tetraone and 2,9-Diethylanthra[2,1,9-def:6,5,10-d'e'f' [diisoquinoline-
1,3,8,10(2H,9H)-tetraone hereafter referred to as di-EtNDI and di-EtPDI, respectively.
The molecular structures are shown in Figure 1.

Fig. 1. Presenting molecules of di-EtNDI (a) and di-EtPDI (b).

Single crystals of di-EtNDI suitable for single-crystal X-ray diffraction
experiments were selected from the as-received sample and used without further
recrystallization. Under ambient conditions, di-EtNDI crystallizes in the monoclinic
space group P2i/c. For di-EtPDI, crystals of diffraction quality were obtained by
recrystallization from pyridine. The resulting structure belongs to the orthorhombic
crystal system, space group Pca2i. These preliminary results provide the basis for
further investigations of temperature- and pressure-dependent structure—property
relationships [4].
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Langbeinite-type structures represent a versatile crystallographic framework that
is particularly well suited for the systematic design and synthesis of new compounds.
Phosphates adopting the langbeinite structure are of particular interest, as they form
a broad family of materials incorporating A* and B»* cations. These compounds can be
described by general formulas such as A'B*(POs);, A"HBBY(PO4)s,
B?"15B2*"(PO4)3, and A"B*'B*"2(PO4)s [1,2]. This compositional flexibility enables
extensive cation substitution, making these structures highly attractive for the
development of new functional materials with tunable physicochemical properties.

Within this family, we report the new compound RbSrSc2(POs)s, whose
existence was predicted based on crystallochemical considerations and successfully
realized via solid-state synthesis. The phase purity and crystal structure of the obtained
material were investigated by X-ray powder diffraction, and its langbeinite-type
structure was confirmed by Rietveld refinement.

(a) (b)

Fig. 1. (a) Framework of [ScOg] octahedra (pink) and [PO4] tetrahedra (red); (b) examples of polyhedra
around the 9-coordinated M(2) (pink) and 12-coordinated M(1) (green) sites in the unit cell.

A three-dimensional crystal structure of RbSrSca(POs); is formed by units
consisting of corner-sharing two [ScOs] octahedra and three [PO4] tetrahedra along the
threefold rotation axes, Figure la. The cavities in this framework are occupied by the
larger [Sr,Rb] ions in distorted polyhedra with 9- and 12-coordination for M(2) and
M(1) respectively, Figure 1b.
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Additionally, the physicochemical and optical properties of Pr**-doped
RbSrSco(PO4); will be presented. These investigations will include absorption
spectroscopy, luminescence measurements, morphological analysis using scanning
electron microscopy, and thermal stability evaluation by differential scanning
calorimetry. The potential applications of this new phosphor will also be discussed.
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Composed of metal ions or their clusters linked by organic ligands, MOFs are
characterized by a unique combination of high surface area, tunable pore size, and
structural diversity, making them ideal candidates for various applications such as gas
storage, separation, catalysis, and drug delivery [1,2]. The characteristics and quality of
MOFs depend on the framework structure and various synthesis techniques. MIL-
88B(V) can "breathe" and immersion of the material in various solvents causes its
structure to expand. The lattice parameters vary depending on the synthesis method, and
the product synthesis diagrams for vanadium MOFs contain both single- and multiphase
regions [3].

The structure of MIL-88B may depend on the chosen synthesis method and is
further altered by the rapid evaporation of free solvents in an air atmosphere. Changing
the solvent amount affects the values of the crystal lattice parameters but also causes
changes in microstrain. Until now, the crystal lattice strain parameters have only been
considered in refining the MIL-88B structure [3], but the spatial distribution of
microstrain, which is important for applications, remained unknown.

628 mg of VCI3 and 664 mg of terephthalic acid were placed in a Teflon reaction
vessel, and then 4 ml of hydrochloric acid (1 M) and 20 ml of ethanol were added. The
mixture was stirred for 30 minutes, and then the suspension was subjected to
ultrasonication for 15 minutes. After this time, the Teflon vessel was placed in an
autoclave and heated at 120°C for 48 hours.

To gain insight into the microstructure of the multiphase sample, we used profile
intensity partitioning, specifically the Le Bail technique, which works particularly well
in the case of overlapping intensities because in this method the intensity is assigned
based on the multiple intensities contributing to a specific peak. We modeled the
anisotropic strain broadening of X-ray reflections using the method described by
Stephens [4].

The microstrain broadening anisotropy can reveal anisotropy of internal solid
properties that might otherwise be difficult to characterize. Our results pave the way for
the discovery of new, responsive MOFs exhibiting more complex phase transition
behavior.

Literature

[1] M. S. Mohtaram, A. Abolghasemi, S. Sayahi, H. Rajabi, S. Mohtaram, M. Long, S. Sabbaghi, Coord.
Chem. Rev., 546 (2026) 217083.

[2] S. Ullah, A. U. Rehman, L. Gurbanova, T. Najam, A. M. Al-Mohaimeed, W. A. Al-Onazi,
M. A. Nazir, Int. J. Environ. Anal. Chem., 106(2) (2026) 444-462.

[3] F. Carson, J. Su, A. E. Platero-Prats, W. Wan, Y. Yun, L. Samain, X. Zou, Cryst. Growth Des.,
13(11) (2013) 5036-5044.

[4] P. W. Stephens, J. Appl. Crystallogr., 32 (1999) 281-289.

67 Konwersatorium Krystalograficzne, Warsztaty
86 i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 24-26 VI 2026



A-14

STRUCTURAL DIVERSITY OF LAYERED HYBRID LEAD
HALIDES WITH TWO DISTINCT ORGANIC CATIONS

Dawid Drozdowski', Adam Kabanski', Katarzyna Fedoruk-PiskorskaZ,
Oleksandr Korolevych!, Anna Gagor!

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

Three-dimensional hybrid organic-inorganic lead halides (HLHs) have attracted
attention owing to their exceptional optoelectronic properties and broad application
potential in photovoltaics, light-emitting devices, etc. However, their practical use is
constrained by poor environmental and moisture stability, motivating interest in lower-
dimensional analogues, such as two-dimensional (2D, layered) systems [1,2]. Composed
of inorganic [PbXs]* octahedral slabs separated by organic spacer cations, layered HLHs
act as natural quantum wells with enhanced exciton binding energies and
photoluminescence (PL) quantum yields versus the 3D analogs. PL properties in these
materials are primarily governed by the dimensionality and connectivity of the inorganic
framework, as well as by the geometry and hydrogen-bonding capacity of the organic
cations [3.4].

Beyond classical layered perovskites, low-dimensional HLHs display remarkable
structural diversity stemming from varied [PbXs]* connectivity, e.g., [PbsXs]*,
[Pb3X12]% and [PbeX22]'", yielding numerous 2D inorganic motifs [5]. Compounds
incorporating two distinct monovalent cations have recently emerged as promising
broadband emitters, since co-templating allows further tuning of framework topology and
excitonic response [6].

We present examples of new hybrid lead bromides incorporating two distinct
organic cations within the crystal structure (Figure 1). The first two compounds,
(IM)2(EA)Pb3Brg and (PY)2(EA)PbsBrg (IM = imidazolium, PY = pyrazolium, EA =
ethylammonium), adopt a previously unreported 2D [PbsBro]> framework of edge-
sharing octahedral ribbons interconnected by bridging octahedra. Both exhibit excitation-
and temperature-dependent dual PL, enabling continuous color tuning from red orange at
80 K to white or near-white emission at room temperature. The third compound,
(PY)(FA)PbBrs (FA = formamidinium), features (110)-oriented inorganic layers and
undergoes an order-disorder phase transition, while retaining room-temperature
luminescence. Together, these systems demonstrate how cation composition and
framework topology can be leveraged to engineer optical behavior across a wide
temperature range.

This research was funded by the Polish National Science Centre (project No.
2023/49/N/ST5/00521).
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Fig. 1. Examples of layered hybrid lead bromides featuring two distinct organic cations within the crystal
structure.
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Organic—inorganic halometallates represent a versatile class of hybrid
compounds in which metal-halide units combine with organic cations, giving rise to
diverse structural motifs governed by metal coordination preferences, hydrogen
bonding, and cation geometry. Within this family, bismuth(III) and antimony(III) have
emerged as particularly promising metal centres, owing to their stereochemically active
lone pairs and pronounced spin-orbit coupling effects, which strongly influence
octahedral distortion and electronic structure. Building on our recent work in [1-3], we
have continued to explore hybrid halometallates incorporating Bi**/Sb** in combination
with diverse organic amines.

Herein, we describe the synthesis, crystal structures, intermolecular interactions,
electronic structure, thermochromic behaviour, and optical properties of two new
isostructural compounds, (MOR)2(Hs02)Bilg (1) and (MOR)2(Hs02)Sbles (2). This work
highlights the interplay between composition, hydrogen bonding, and structural
dimensionality in directing the structural and optoelectronic properties of hybrid
iodometallates.

Fig. 1. Photographs showing the reversible thermochromic behaviour of compounds 1 (a) and 2 (b) upon
cooling from 300 K to 100 K and subsequent heating back to 300 K.

The research was funded by the National Science Centre as part of the OPUS 22
project (grant number: 2021/43/B/ST5/01172).

Literature

[17 M. N. Rowinska, O. Korolevych, A. Kabanski, D. Stefanska, T. Bednarchuk, A. Piecha-Bisiorek,
A. Gagor, Chem. Mater., 37 (2025) 7125-7135.

[2] T. J. Bednarchuk, M. N. Rowinska, O. Korolevych, D. Stefanska, A. Gagor, Inorg. Chem., (2026)
accepted for publication.

67 Konwersatorium Krystalograficzne, Warsztaty
i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 24-26 VI 2026 89



A-16

INVESTIGATION OF DIRECT Z-SCHEME CHARGE TRANSFER
IN SELECTED MORPHOLINIUM-BASED BISMUTH(I1I) HALIDE

Oleksandr Korolevych, Tamara J. Bednarchuk, Magdalena N. Rowinska,
Dagmara Stefanska, Anna Gagor

Institute of Low Temperature and Structural Research, Polish Academy of Science,
Okolna 2, 50-422 Wroctaw, Poland

This work, conducted as part of broader research, focused on the theoretical
investigation of newly synthesized organic—inorganic metal-halide double perovskite
related material using Density Functional Theory (DFT), intending to understand the
properties of the selected material and its behaviour.

First-principles calculations based on DFT were carried out using the
QUANTUM ESPRESSO package (version 6.8) [1,2]. Were used exchange—correlation
functional Perdew—Burke—Ernzerhof (PBE) [3] with the projector augmented-wave
(PAW) [4] pseudopotentials. The partial density of states (PDOS), band structure, and
carrier effective masses were calculated for (MOR)>CsBiClg.

From band structures, PDOS analysis, and charge density maps, clearly can be
distinguished the electronic contributions originating from Bi(1)Cls and Bi(2)Cls
octahedra. These photosystems exhibit distinct band edge positions, resulting in a band
gap offset between them. The Cs" cations act as a spacer and form an interface
separating the two octahedral environments, thereby suppressing Fermi-level
equilibration and preserving band offset. Consequently, the interesting band alignment
promotes spatial charge separation and supports direct Z-scheme charge transfer, see
figure 1 (data obtained from GGA/PBE calculations). Electrons are predominantly
localized on the Bi(1)Cle units, whereas holes accumulate on the Bi(2)Clg octahedra.
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Fig. 1. (a) Fragment of compound (MOR),CsBiCls showing selected geometric parameters (A) and
calculated electronic charge densities for the VBM (blue) and CBM (red). (b) Schematic representation of
a Z-scheme heterojunction between crystallographically independent Bi(1)Cle and Bi(2)Cls units, together

with scalar relativistic PDOS of Bi’*.
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In this system, the transitions may be described: "inner" p - p transition with s-p
hybridization (I), inside the anionic unit, and "inter" p - p transition with s-p
hybridization (II), Z-scheme mechanism, (VBM) from Bi(2)Cls to (CBM) from
Bi(1)Cls. The energetic difference between transitions (I) and (II) is noticeable, which
makes the indirect transition possible. To experimentally verify these findings,
measurements of the Photoluminescence excitation (PLE) and Photoluminescence (PL)
spectra were performed at 80 K to characterize the observed emission. The experiments
confirmed the Z-type mechanism, reveal two emission bands at 400 and 436 nm with
different recombination mechanisms.

This research was funded by the National Science Centre (Narodowe Centrum Nauki)
in Poland under Project No. UMO-2021/43/B/ST5/01172.

Calculations have been partially carried out at the Wroctaw Centre for Networking and
Supercomputing <http://www.wcss.wroc.pl> (Grant no. hpc-olekor30-1728571513).

Literature

[1] P. Giannozzi, S. Baroni, N. Bonini, M. Calandra, R. Car, C. Cavazzoni, D. Ceresoli, G. L. Chiarotti,
M. Cococcioni, I. Dabo, A. Dal Corso, S. De Gironcoli, S. Fabris, G. Fratesi, R. Gebauer,
U. Gerstmann, C. Gougoussis, A. Kokalj, M. Lazzeri, L. Martin-Samos, N. Marzari, F. Mauri,
R. Mazzarello, S. Paolini, A. Pasquarello, L. Paulatto, C. Sbraccia, S. Scandolo, G. Sclauzero,
A. P. Seitsonen, A. Smogunov, P. Umari, R. M. Wentzcovitch, QUANTUM ESPRESSO: A Modular
and Open-Source Software Project for Quantumsimulations of Materials. J. Phys.: Condens. Matter,
21(39) (2009) 395502.

[2] P. Giannozzi, O. Andreussi, T. Brumme, O. Bunau, M. Buongiorno Nardelli, M. Calandra, R. Car,
C. Cavazzoni, D. Ceresoli, M. Cococcioni, N. Colonna, I. Carnimeo, A. Dal Corso, S. De Gironcoli,
P. Delugas, R. A. Distasio, A. Ferretti, A. Floris, G. Fratesi, G. Fugallo, R. Gebauer, U. Gerstmann,
F. Giustino, T. Gorni, J. Jia, M. Kawamura, H. Y. Ko, A. Kokalj, E. Kiiciikbenli, M. Lazzeri,
M. Marsili, N. Marzari, F. Mauri, N. L. Nguyen, H. V. Nguyen, A. Otero-De-La-Roza, L. Paulatto,
S. Poncé, D. Rocca, R. Sabatini, B. Santra, M. Schlipf, A. P. Seitsonen, A. Smogunov, I. Timrov,
T. Thonhauser, P. Umari, N. Vast, X. Wu, S. Baroni, Advanced Capabilities for Materials Modelling
with Quantum ESPRESSO. J. Phys.: Condens. Matter, 29(46) (2017) 465901.

[3] J. P. Perdew, J. A. Chevary, S. H. Vosko, K. A. Jackson, M. R. Pederson, D. J. Singh, C. Fiolhais,
Atoms, Molecules, Solids, and Surfaces: Applications of the Generalized Gradient Approximation
for Exchange and Correlation. Phys. Rev. B, 46(11) (1992) 6671.

[4] A. Dal Corso, Pseudopotentials periodic table: From H to Pu. Comput. Mater. Sci., 95 (2014) 337-
350.

67 Konwersatorium Krystalograficzne, Warsztaty
i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 24-26 VI 2026 91



A-17

ELECTRON DIFFRACTION FOR EVERYONE:
NEW PROTOCOLS AND TEM EMULATOR IN INSTAMATIC

Daniel Mariusz Tchon!, Viljar Johan Femoen?, Luka§ Palatinus’

I Institute of Physics, Czech Academy of Sciences, 182 00 Prague, Czech Republic
2 Department of Chemistry, Stockholm University, SE-106 91 Stockholm, Sweden

With beam characteristics and interaction cross-sections unmatched by photon
sources, 3D electron diffraction (3D ED) keeps extending crystallography to ever smaller
and more challenging targets. While any transmission electron microscope (TEM) can
record microdiffraction, the best acquisition strategy depends on the sample: a beam
suitable for a mineral sample may rapidly damage an organic one. Likewise, a precise
single-crystal protocol will be ill-suited to map phase distribution across grains [1-3].

The simplest 3D ED protocol rotates the crystal and collects diffraction stepwise.
This rotation ED (RED) can be further refined by precessing the beam or acquiring data
continuously, as in “PED”, “cRED”, or “Fast-ADT”. Each variant can be also automated.
Through image recognition and clustering, serial 3D ED approaches reduce beam damage
by distributing the total dose over hundreds of crystals [4-8].

As the new ED protocols rapidly push the state of the art, interoperability often
lags behind methodological progress. In practice, ED structure determination is
frequently constrained more by implementation and human factors rather than
fundamental limitations. For the wider community, a new experimental protocol is only
as valuable as it is available and reproducible across different TEM platforms. Therefore,
open protocols and independent software constitute an essential foundation for
responsible development of the field.

Here I will present the recent developments in Instamatic — an open-source 3D ED
data-collection software suite designed for interoperability. Instamatic implements all the
protocols mentioned above through a generalised interface that translates commands for
different TEMs at runtime [8]. I will showcase recent improvements incl. new interfaces,
calibrations, experimental protocols, compatibility fixes, and visualisation tools [9]. I will
present a new emulator that allows for teaching and basic development in ED without
access to a live TEM [10]. Finally, I will discuss recent progress towards a new serial
precession-assisted experimental routine that minimises beam damage by replacing
direct-space detection and tracking with long continuous scans over the grid.
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CHAOS AND ORDER IN APERIODIC 2D LATICES

Arkadiusz Ciesielski, Anna Sadocha

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

The discovery of quasicrystals shook the scientific world to such an extent that
recognized authorities initially regarded it as merely an artifact. Ultimately, this discovery
was honoured with a Nobel Prize, and the definition of a crystal had to be extended to
include aperiodic systems. An excellent two-dimensional model of quasicrystals was the
Roger Penrose tiling proposed much earlier. Its aesthetic, based on breaking away from
periodic filling of the plane, still fascinates today, and in many places, this motif has been
used as an original flooring design. The Fourier transform of Penrose’s aperiodic patterns
turned out to be consistent with the diffraction patterns of quasicrystals exhibiting fivefold
rotational symmetry. To completely cover the plane, Penrose used two types of tiles. Until
recently, the question was whether it is possible to find a single tile that could cover the
plane exclusively in an aperiodic manner. Two years ago, a publication appeared
proposing such a tile [ 1], and shortly thereafter, it turned out that there could be infinitely
many of them. Unlike the Penrose tiling, the aperiodic tiling with a single tile is
pseudohexagonal.

In the considerations presented in our report, we address the problems of
symmetry of such tilings, taking into account images obtained from the Fourier transform
and analyzing aperiodicity in one-dimensional projections of such a lattice. It is known
that quasicrystals with hexagonal symmetry exist [2], for which a model could be a two-
dimensional space covered by a single aperiodic tile.

~ S

Fig. 1. Aperiodic tiling and its Fourier transform
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CRYSTAL GROWTH AND STRUCTURAL CHARACTERIZATION
OF NdAsSe SINGLE CRYSTALS

Tetiana Romanova*, Dorota A. Kowalska, Dariusz Kaczorowski

Institute of Low Temperature and Structure Research, Polish Academy of Sciences,
Okolna 2, 50-422 Wroctaw, Poland

*e-mail: t.romanova@intibs.pl

Rare-earth pnictide—chalcogenide compounds attract increasing attention due to
the complex interplay between their crystal structure, magnetism, and electronic
properties. Materials containing localized 4f electrons offer a unique platform for
studying correlated phenomena and their coupling to structural features.

In this context, NdAsSe is a promising candidate owing to its low-dimensional
crystal structure of the CeAsS type, which features a characteristic doubling of the unit
cell along the c-axis, together with the presence of magnetically active Nd** ions. While
basic structural information on this compound is available in the literature, its detailed
structure and physical properties still require further experimental investigation.

Single crystals of NdAsSe were successfully grown by the chemical vapor
transport (CVT) method using iodine as a transport agent. The quality and orientation of
the crystals were evaluated using Laue diffraction. The chemical composition and
homogeneity were examined by energy-dispersive X-ray spectroscopy (EDS). Phase
purity and lattice parameters were determined by powder X-ray diffraction (PXRD),
confirming the formation of a single-phase material consistent with the literature data.
Additionally, differential thermal analysis (DTA) was performed to investigate the
thermal stability and possible phase transitions of the compound.

The obtained high-quality single crystals provide a solid foundation for further
anisotropic studies of the magnetic, transport, and potential topological properties of
NdAsSe.

This work was supported by the National Science Centre, Poland, under grant no.
2025/09/X/ST5/00398 (MINIATURA 9).
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SYNERGIA WIAZAN HALOGENOWYCH I ODDZIALYWAN I1-11
STACKING JAKO SIEA NAPEDOWA POLIMORFIZMU

Marcin S. Malecki!, Marcin Moskwa?, Przemystaw Dopieralski?,
Stawomir Szafert?
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2 Wydziat Chemii, Uniwersytet Wroctawski, F, Fryderyka Joliot-Curie 14,
50-300 Wroctaw

Zrozumienie mechanizmoéw prowadzacych do powstawania roéznych form
polimorficznych danego zwigzku stanowi kluczowe wyzwanie wspotczesnej chemii
fizycznej 1 ma istotne znaczenie dla projektowania nowych materiatéw funkcjonalnych,
w tym substancji farmaceutycznych. W niniejszej pracy zostang przedstawione
i omowione mechanizmy formowania dwoch polimorféw zwigzku poliinowego.
Struktury obu form zostaly jednoznacznie okre$lone za pomoca analizy rentgenowskiej
monokrysztaldow. Powstanie polimorféw wynika z subtelnej réwnowagi pomig¢dzy
wigzaniami halogenowymi a rozlegla siecia niekowalencyjnych oddziatywan n—m
stacking. Potaczenie badan eksperymentalnych (dyfrakcja rentgenowska) z obliczeniami
teoretycznymi pozwolilo zbudowa¢ spdjny model wyjasniajacy preferencyjne tworzenie
si¢ obu modyfikacji polimorficznych [1].

Rys. 1. Wptyw rozpuszczalnika na tworzenie odmiany polimorficznej
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BADANIE POLIMOFRIZMU KRYSZTAEOW FLURBIPROFENU.
OD KOKRYSTALIZACJI Z AMINAMI
HETEROAROMATYCZNYMI PO METODY UWALNIANIA
Z UKEADOW BINARNYCH

Dorota Krasowska!, Przemystaw Nowak!?, Marta K. Dudek!

I Centrum Badan Molekularnych i Makromolekularnych Polskiej Akademii Nauk
w Lodzi, ul. Sienkiewicza 112, L.odz 90-363, Polska
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90-237 Lodz

Polimorfizm krystaliczny odnosi si¢ do zdolnosci czasteczki do wystepowania
w roznych formach krystalicznych zwanych polimorfami, z ktorych kazdy charakteryzuje
si¢ unikalnym uktadem upakowania w sieci krystalicznej [1]. Te rdznice w strukturze
krystalicznej moga skutkowaé¢ odmiennymi wlasciwo§ciami chemicznymi i fizycznymi
takimi jak stabilno$¢ i biodostepnos¢, co jest szczegolnie wazne w przypadku substancji
o zastosowaniach medycznych.

Do poszukiwan innych form polimorficznych, w tym opracowania nowych
podej$¢ uzyskania innych form krystalicznych zaangazowali$my flurbiprofen, nalezacy
do aktywnych sktadnikéw farmaceutycznych (API), ktory juz w 1987 roku zostat
zatwierdzony do  stosowania medycznego jako Srodek  przeciwbolowy,
przeciwgoraczkowy i przeciwzapalny. Naszym celem bylo poglebienie wiedzy na temat
polimorfizmu flurbiprofenu [2,3] poprzez badanie procesow kokrystalizacji
1 p6zniejszego uwalniania jednego ze sktadnikow kokrysztalu poprzez metode termicznej
dekokrystalizacji, ktora okazata si¢ alternatywnym podejSciem do otrzymania
metastabilnej struktury polimorficznej flurbiprofenu.

W tym celu otrzymaliSmy kokrysztaly flurbiprofenu z heteroaromatycznymi
aminami: pirazyng lub pirazolem poprzez stopienie oraz mielenie na sucho (lub
z dodatkiem LAG) w wibracyjnym mtynie kulowym Retscha (Rys. 1). Po uformowaniu
kokrysztatow, oceniliSmy ich rozktad termiczny, zbadaliSmy przemiany fazowe
1 potencjat zmian polimorficznych flurbiprofenu. Podsumowanie wynikéw ich
przygotowania, analiza przemian fazowych, okreslenie struktury otrzymanych
kokrysztaldw oraz opracowanie metody termicznego uwalniania jednego ze sktadnikow
kokrysztatu z utworzeniem odpowiedniej formy polimorficznej flurbiprofenu beda
przedmiotem niniejszej prezentacji.
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Rys. 1. Dwa podejscia do otrzymania réznych strukturalnie form kokrysztatow flurbiprofenu z pirazyna
lub pirazolem.
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X-RAY DIFFRACTION STUDIES OF
6-CHLOROI[1,2,4]TRIAZOLO|[4,3-B|]PYRIDAZINE CRYSTALS
OBTAINED AT VARIED THERMODYNAMIC CONDITIONS

Mateusz Jozwiak, Anna Olejniczak

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

6-Chloro[1,2,4]triazolo[4,3-b]pyridazine, CsH3N4Cl, is an aromatic heterocyclic
compound, belonging to the group of pyridazine derivatives, exhibiting a wide range of
biological activity, including hypotensive activity, antibacterial, cytotoxic or enzyme
inhibitory properties [1-4]. Moreover, their potential application as low-sensitivity high-
energy materials was also investigated [5].

Cl

Fig. 1. 6-Chloro[1,2,4]triazolo[4,3-b]pyridazine.

Crystals of 6-chloro[1,2,4]triazolo[4,3-b]pyridazine were studied at varied
thermodynamic conditions. This compound is solid at ambient conditions and can exist
in two polymorphs: orthorhombic a (Pbca space group) and monoclinic B (P21/c space
group), however the last one is metastable and disappears after some time. High-pressure
x-ray diffraction studies revealed that the orthorhombic form is retained on compression
up to 0.90 GPa at least. However, high-pressure recrystallization inevitably leads to the
monoclinic form, already at low pressure value of 0.05 GPa, which remains stable on
further compression up to 1.77 GPa. Nevertheless, phase transition between a and 3
polymorphs was not observed and particular forms could be obtained by applying specific
recrystallization method and conditions. Crystal structure of polymorph o was also
retained on lowering temperature to 100 K at ambient pressure.

Molecular packing in both phases is governed not only by the C—H---N hydrogen
bonds, characteristic for this type of compounds, but also by the N---Cl interactions. They
join molecules into layers in both forms. The X-ray diffraction studies and further data
analysis provided information about the compound behaviour under different
thermodynamic conditions and their influence on molecular arrangement and patterns of
intermolecular interactions.
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STRUCTURAL CHARACTERIZATION AND ANOMALOUS
THERMAL EXPANSION COEFFICIENT OF CulnP:S¢
AT CRYOGENIC TEMPERATURES

Magdalena Wietrzynska, Rafal Bartoszewicz, Jarostaw Serafinczuk,
Robert Kudrawiec

Department of Semiconductor Materials Engineering, Wroclaw University of Science
and Technology, Wyb. Wyspianskiego 27, 50-370 Wroctaw, Poland

CulnP,S¢ is a semiconductor with many interesting properties. Firstly, it belongs
to the family of ferroelectric materials, and its phase transition temperature is 315 K [1],
thus providing a phase transition above room temperature. Interestingly, this material
possesses a direct energy bandgap in the ferroelectric phase and remains stable under
normal conditions [2], making it a candidate for potential applications in non-volatile
memory, sensors, and electronic devices [3].

Due to the aforementioned properties, this material has piqued our interest and
became the subject of the present study. Powder X-ray diffraction measurements allowed
for the determination of the lattice parameters of the unit cell. Crucially, these structural
studies revealed a negative thermal expansion behavior, manifested as a negative thermal
expansion coefficient along the c-axis at temperatures below 190 K, as well as a
volumetric negative thermal expansion observed in the temperature range from 50 to
130 K. These studies were conducted using a Malvern-Panalytical Empyrean
diffractometer with a copper lamp (A = 1.540598 A). Temperature control was facilitated
by an Oxford Phenix cryostat.
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DIAGRAM FAZOWY DLA KULKI LaAlO3
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Pomiary tomografii komputerowej, dyfrakcji proszkowej, DSC i warstwowe
Scieranie kulki ujawnity nieoczekiwany wynik — diagram fazowy jest inny dla
ceramicznej kulki LaAlO3 niz dla proszku. Wbrew dotychczasowym ustaleniom nie
mamy w kulce ani fazy trygonalnej, ani regularnej. Faza wysokotemperaturowa jest
rombowa o parametrach sieciowych a =5.321(1), b=3.771(1), ¢ =2.675(1) A $cisle
zwigzanych ze znang komorka regularng (a = 3.7 A). Pomiary strukturalne fazy ponize;
przemiany fazowej sa niejednoznaczne. Przemiana fazowa w okolicy 800°C jest
nieodwracalna.

Dodatkowo, okazalo si¢, ze tzw. struktura Shreka jest sprz¢zona z przemiang
fazowa 1 nie pojawia si¢ stopniowo wraz z wygrzewaniem kulki.

Rys. 1. Faza ﬁiskotempérdtufowa (z lewej) 1 wysokotemperaturowa (z prawej).
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DETAILED STUDY OF THE INFLUENCE OF RE ELEMENT
TYPE ON POSITIONAL DISORDER IN F-TYPE ICOSAHEDRAL
ZN-MG-RE BERGMAN-TYPE QUASICRYSTAL

Radoslaw Strzalka, Maciej Zak, Ireneusz Buganski, Janusz Wolny

Wydziat Fizyki i Informatyki Stosowanej, AGH w Krakowie

Our recent studies focus on quest for magnetism in Bergman-type icosahedral
quasicrystals. We investigate ZnMgRE and ZnMgTM systems, where rare-earth or
transition-metal atoms arranged in aperiodic manner are hoped to give rise to magnetic
properties of the system [1].

In this presentation, we report results of a more detailed study on positional
disorder resulting from changes in electron density in 2D sections of a 6D electron
density map of Bergman-type icosahedral ZnMgRE system. Simialar effects have beend
observed for other icosahedral systems [2,3].

We performed a number of structure solutions using SUPERFLIP software,
based on single-crystal X-Ray diffraction data collected with in-house diffractometer,
and cuts on 6D electron density for systems with selected RE={Er,Ho,Tm,Tb,Dy,Y}
atoms. The study involved a comparison of the amount of electron density concentrated
in occupation domains relative to the type of RE element.

The results show the substantial differencies in electron densities in 3f and 5f
sections of the 6D maps suggesting a positional disorder appearing in 3D structure.
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HIGH-PRESSURE CRYSTALLIZATION OF THYMOL

Kinga Roszak, Andrzej Katrusiak

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

Thymol is a natural compound with a characteristic aroma and broad culinary
and pharmaceutical applications. Owing to its molecular structure and hydrogen-
bonding capabilities, thymol is closely related to menthol. The crystal structure of
thymol phase o (trigonal, space group R3) was previously determined by Thozet and
Perrin [1], who established that the molecules in the hydroxyl conformation anti are
hydrogen-bonded into cyclic hexamers.

At 296 K, phase a remains stable up to 2.25 GPa; above this pressure it
transforms into the triclinic phase B (space group P1). High-pressure recrystallization
above 1.0 GPa additionally reveals a hidden monoclinic phase y of space group P2i/c.
The exceptional feature of these thymol phases is the different H-bonding aggregation
mode in their structures, either cyclic hexamers in phases a and  and chains in the
phase v.

The a-to-y phase transition is hindered by a conformational rearrangement that
modifies the geometry and strength of the hydrogen bonds, thereby altering the
preferred aggregation mode. This interplay between molecular conformation and
intermolecular interactions provides insight into crystal aggregation mechanisms and
contributes to a better understanding of the behaviour of small flexible molecules in
biological systems.
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PRESSURE-INDUCED EFFECTS IN BRONSTED-LOWRY
ACID-BASE COCRYSTALS

Ewa Patvk-Kazmierczak*

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

*e-mail: ewapatyk@amu.edu.pl

Pressure is a stimulus well known to induce significant changes in the structure
of solid-state materials: from polymorphism, through negative linear and area
compressibility, to chemical reactions [1,2]. All these effects have been observed for
monocomponent organic crystals, which remain more frequently investigated under
extreme conditions compared to multicomponent crystals [3]. However, the
compositional diversity offered by the latter can significantly broaden the scope of high-
pressure investigations by providing closely related systems ideal for understanding
how crystals respond to a stimulus depending on their chemical composition.

A series of organic cocrystals based on dicarboxylic acids and bipyridines was
investigated under high pressure upon isothermal compression, using X-ray diffraction,
Raman, and IR techniques, supported by DFT calculations. A number of pressure-
induced effects were observed, with polymorphic solid-to-solid transformations being
the most common [3-5]. Additionally, proton-transfer reactions between acid and base
molecules were successfully induced, resulting in the transition of cocrystals into salts
[3,6], and cases of unusual compressibility (negative linear compressibility) were
detected [5,7].

Herein, I present a summary of the results of the high-pressure investigation of
Bronsted-Lowry acid-base cocrystals, highlighting the changes in the crystal’s response
to pressure linked to variations in the chemical composition.

The funding from National Science Centre, Poland (grant No. UMO-
2020/39/D/ST4/00260) is kindly acknowledged.
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THE FIRST NATURAL COMPOUND OF TRIVALENT
MOLYBDENUM - FERRODIMOLYBDENITE, FeMo**,S4, FROM
JORDAN
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New mineral ferrodimolybdenite with ideal formula FeMo*,Ss (C2/c,
a=11.8249(8) A, b=6.5534(3) A, ¢ =13.0052(10) A, = 114.474(9)°, V=917.27(12) A3,
and Z=8) is the first trivalent molybdenum compound discovered in nature.
Ferrodimolybdenite with the empirical formula (Fe**0.99Cu**0.07Ni*"0.04)z1.10M0*1.04
(S%73.98P%70.02)z4.00 was discovered in a differentiated sulfide nodule composed of troilite
and pentlandite. The nodule was detected in the central zone of a diopside—anorthite—
tridymite oval paralava body, ~30 metres in diameter, within the pyrometamorphic
Hatrurim Complex in Daba-Siwaqa, Jordan [1].

The structure of ferrodimolybdenite differs from the structure of its synthetic
analogue. Ferrodimolybdenite has a centrosymmetric structure, where two types of Mo-
octahedra and one type of Fe-octahedra are present. In the synthetic analogue (Clcl)
there is no inversion centre and a reduction in symmetry is illustrated by the presence of
4 types of Mo-octahedra and 2 types of Fe-octahedra [2,3]. The ferrodimolybdenite
structure can be considered as a molybdenite structure, where molybdenite layers are
divided by parallel columns of Fe-octahedra [1]. Molybdenum in the layers has
a valence of 3+, unlike the typical Mo valence in molybdenite, which is 4+.

Ferrodimolybdenite forms platy crystals with dimensions ranging from 3x100
pum to 20x40 um. The mineral exhibits a grey colour and a dark grey streak. The
cleavage observed in the mineral is perfect on {001}, good on {100} and poor on
{010}. The crystallisation of ferrodimolybdenite occurred in reduced conditions in
monosulfide Fe(+Ni) melt at a temperature of 1000—1100°C and at low pressure [1].

The discovery of ferrodimolybdenite was the basis for a revision of studies of
the meteorites, which was reflected in the discovery of ferrodimolybdenite in meteorites
by other researchers.

Acknowledgements. Investigations were partially supported by the National Science Centre of Poland
Grant No. 2021/41/B/ST10/00130.

Literature

[1] E. V. Galuskin, I. O. Galuskina, J. Kusz, M. Ksiazek, Y. Vapnik, G. Zielinski, Mineral. Mag., 89 (2025) 242.
[2] J. Guillevic, J.-Y. Le Marouille, D. Grandjean, Acta Cryst. B, 30 (1974) 111.

[3] P. Vaqueiro, M. L. Kosidowski, A. V. Powell, Chem. Mater., 14 (2002) 1201.

67 Konwersatorium Krystalograficzne, Warsztaty
106 i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 24-26 VI 2026



A-29

EXPERIMENTAL METHODS FOR SOLUBILITY
AND PERMEABILITY STUDIES OF NOVEL CRYSTALLINE
FORMS OF ACTIVE PHARMACEUTICAL INGREDIENTS

Anna Zep, Anna Rosa, Magdalena Ruszczak, Katarzyna Gibula, Marta Zezula

Lukasiewicz — Industrial Chemistry Institute, Rydygiera 8, 01-793 Warsaw,

The therapeutic efficacy of drugs is determined by numerous factors, among
which the solubility and permeability of the active pharmaceutical ingredient (API) play
a crucial role. From a pharmaceutical perspective, an API is considered highly soluble
when the highest single therapeutic dose is completely soluble in 250 mL of aqueous
media within the pH range of 1.2—6.8 at 37 + 1°C. The permeability of an active substance
through biological membranes is evaluated on the basis of pharmacokinetic studies
determining the extent of drug absorption, including absolute bioavailability or mass-
balance studies. The relationship between solubility and permeability constitutes the basis
of the Biopharmaceutics Classification System (BCS), which categorizes APIs into four
classes depending on their physicochemical and biopharmaceutical properties. It has been
estimated that approximately 40—60% of commercially available APIs exhibit poor
aqueous solubility, whereas up to 90% of newly developed compounds may belong to
BCS classes II and IV [1, 2]. Therefore, improving the solubility and permeability
of selected active substances remains one of the major challenges in contemporary
pharmaceutical research.

Among the most commonly employed approaches for enhancing the solubility
of active pharmaceutical ingredients (APIs) are chemical and physical modifications,
including the development of novel crystalline and solid-state forms such as cocrystals,
solvates, and other multicomponent systems [3, 4]. In this context, reliable analytical
and experimental methods for the evaluation of solubility and biological permeability
are of particular importance, as they enable comprehensive physicochemical
and biopharmaceutical characterization of such materials.

Importantly, investigations of novel crystalline forms typically require the use
of appropriately  developed  chromatographic =~ methods, @ most  commonly
high-performance liquid chromatography (HPLC) or ultra-high-performance liquid
chromatography (UPLC) coupled with UV—-VIS detection. These techniques are essential
for the assessment of chemical purity and quantitative determination of API content both
during the preparation of crystalline forms and in subsequent solubility and permeability
studies. Due to differences in physicochemical properties between APIs and coformers,
including polarity and pKa values, the development of selective and optimized analytical
procedures is often necessary. In addition, the developed methods must meet validation
requirements such as sensitivity, linearity, precision, and accuracy, in accordance
with ICH guidelines and the European Pharmacopoeia, ensuring their reliability
for pharmaceutical applications.

This work presents an overview of selected methodologies used for the assessment
of novel crystalline forms of APIs, with special emphasis on solubility determination
and permeability evaluation across biological barriers, together with a discussion of their
advantages, limitations, and applicability in pharmaceutical development.
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The preparation of new crystalline forms of biologically active compounds is
currently one of the most intensively explored directions in pharmaceutical solid-state
chemistry. Modification of crystal structure may lead to significant changes in
physicochemical properties, particularly solubility, dissolution rate and stability, without
the covalent modification of the active molecule. Such approaches are especially
important for compounds exhibiting promising biological activity but limited
pharmaceutical applicability due to poor water solubility.

Isoflavones are an important class of naturally occurring compounds known for
their ~various biological effects, including antioxidant, anti-inflammatory
and chemoprotective activity [1]. Nevertheless, their practical use is still limited because
of unfavorable physicochemical properties associated with low aqueous solubility
and reduced bioavailability [2]. In this context, crystal engineering methods provide
significant potential for the design of alternative solid-state forms with modified
properties [3].

The present work focuses on the synthesis and solid-state investigation of selected
bioactive isoflavone compounds and their novel crystalline forms. Efficient synthetic
methodologies combined with crystal engineering strategies afforded a series of novel
crystalline phases differing in supramolecular organization and intermolecular
interactions. The obtained systems include hydrated and solvated phases, as well as
multicomponent crystalline materials designed to modify physicochemical properties,
particularly solubility-related behavior.

Special attention was paid to understanding the relationship between crystal
structure, hydrogen-bonding motifs and physicochemical properties of the obtained
materials. Structural characterization was performed using single-crystal and powder
X-ray diffraction methods (SC-XRD, PXRD). Additional investigations included thermal
analysis (DSC and TGA) and spectroscopic techniques (FTIR and Raman spectroscopy).

Preliminary studies indicate that modification of the solid-state architecture may
significantly influence dissolution properties and stability of the investigated compounds.

The research was performed on the basis of cooperation agreement between Lukasiewicz Research
Network — Industrial Chemistry Institute and Faculty of Chemistry, University of Warsaw.
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BADANIA KRYSTALOGRAFICZNE I ODDZIALYWAN
BIOMOLEKULARNYCH BIS-CYKLOMETALOWANYCH
KOMPLEKSOW IRYDU(III) Z LIGANDAMI
1-FENYLO-1H-PIRAZOLOWYMI I DIMETYLOWYMI
POCHODNYMI 1,10-FENANTROLINY

Waldemar Wysocki, Patryk Wojcik, Zbigniew Karczmarzyk, Anna Kamecka

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

Kompleksy cyklometalowanego irydu(IIl) nalezg do intensywnie badanej grupy
zwigzkow koordynacyjnych ze wzgledu na ich interesujace witasciwosci fotofizyczne,
wysoka trwato$¢ chemiczng oraz potencjalne zastosowania w optoelektronice,
bioobrazowaniu 1 chemii medycznej [1-3]. Szczegdlne znaczenie maja uklady
zawierajace ligandy typu C"N oraz a-diiminowe ligandy pomocnicze, umozliwiajace
precyzyjne modyfikowanie wiasciwos$ci emisyjnych i oddziatywan biomolekularnych.

W prezentowanym komunikacie przedstawiamy synteze, struktury krystaliczne
1 badania oddzialywan biomolekularnych dwdch bis-cyklometalowanych kompleksow
irydu(Ill) o wzorze ogdélnym [Ir(ppz)2(N"N)](PFe), gdzie ppz oznacza 1-fenylo-1H-
pirazol, natomiast NN stanowig dimetylowe pochodne 1,10-fenantroliny: 4,7-dimetylo-
1,10-fenantrolina  (47dmphen) oraz 5,6-dimetylo-1,10-fenantrolina (56dmphen).
Otrzymane zwiazki scharakteryzowano metodami spektroskopowymi 'H NMR, *'P NMR
oraz UV—Vis.

-_ F>
\N N/ @/N\N/
l‘ 1. NAN, Zethoxyelhanol = PR
: N/ |\c:|/‘ T ZNePR, NH,PF, i / ’\
N

Q

"2 2

47dmphen S56dmphen

Badania luminescencyjne wykazaty szerokie pasma emisji w temperaturze
pokojowe] zwigzane z przejSciami typu MLCT, natomiast w temperaturze 77 K
obserwowano intensywng emisj¢ o charakterze ligandowym. Potozenie pasm emisyjnych
zalezy od rodzaju zastosowanego liganda N”N, co wskazuje na istotny wplyw
podstawienia metylowego na strukture stanow wzbudzonych. Przeprowadzono rowniez
badania oddziatywan kompleksow z DNA metoda wypierania bromku etydyny.
Wszystkie zwigzki wykazywaty umiarkowane oddziatywania interkalacyjne z DNA, przy
czym najwigksza warto$¢ stalej wygaszania Sterna—Volmera uzyskano dla kompleksu
zawierajacego ligand S6dmphen.
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PROMIENIOWANIE A KRYSTALZIACJA: UKLAD KWAS
TRITIOCYJANUROWY-PIRYDAZYNA
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W ostatnich latach coraz wigksza uwage poswieca si¢ wplywowi
promieniowania elektromagnetycznego na proces krystalizacji. Wczesniejsze badania
wykazaly, ze promieniowanie ultrafioletowe (UV) moze znaczaco wplywaé na
morfologie krysztatow oraz ich struktur¢ wewngtrzna, sprzyjajac wzrostowi wigkszych
krysztalow di-tiomocznika z chlorkiem kadmu [1] oraz wywotujac zmiany strukturalne
w sieci krystalicznej komplekséw kobalt-tiomocznik [2]. Wyniki te wskazuja, zZe
promieniowanie UV moze by¢ czynnikiem majacym znaczacy wplyw na koncowe
produkty procesu krystalizacji.

Przeprowadzone badania miatly na celu okre$lenie wplywu promieniowania
elektromagnetycznego na proces krystalizacji  wielosktadnikowych — uktadow
zawierajagcych kwas tritiocyjanurowy (TTCA) oraz pirydazyne. Krystalizacje
przeprowadzone w roznych warunkach o$wietlenia doprowadzity do otrzymania
czterech krysztatow wielosktadnikowych, ktére nie zostaly wczesniej zdeponowane
w Krystalograficznej Bazie Danych z Cambridge (CSD) [3] (rys. 1).
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Rys. 1. Schemat uzyskanych krysztatéw wielosktadnikowych kwasu tritiocyjanurowego z pirydazyna,
uzyskanych w warunkach ciemni (I,II), pod wptywem $§wiatta widzialnego (II)
oraz promieniowania UV (IV).
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Pochodne 7-azaindolo-3-karboaldehydu stanowig obiecujaca grupe ligandéw do
syntezy zwigzkéw kompleksowych o potencjalnej aktywnos$ci przeciwnowotworowej
[1]. Dotychczas wyznaczono struktury krystaliczne zwigzku macierzystego [2] oraz jego
chlorowanej pochodne;j [3].

W niniejszej] pracy otrzymano monokrysztaly 2-metylo-1H-pirolo[2,3-
b]pirydyno-3-karboaldehydu (2MeL). Analiza struktury krystalicznej wykazata,
ze zwiazek krystalizuje w ukladzie jednosko$Snym, w grupie przestrzennej C2/c,
o parametrach komérki elementarnej: a = 17.6831(16), b = 6.2353(8), ¢ = 14.1866(13) A,
B =102.634(7)°, V=1526.3(3) A3, Z=8.

W strukturze krystalicznej czasteczki tworza centrosymetryczne dimery
potaczone podwdjnymi wigzaniami wodorowymi N-H-:*N pomigdzy pierscieniami
pirolowymi i pirydynowymi, analogicznie do struktury liganda niepodstawionego [2]
oraz jego chlorowanej pochodnej [3]. Struktur¢ krystaliczng stabilizuja dodatkowo
oddziatywania miedzyczasteczkowe typu C-H:---O oraz n---m pomigdzy pierscieniami
pirydynowymi sasiednich czasteczek.
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\ca
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Rys. 1. Struktura molekularna 2MeL z elipsoidami przemieszczen termicznych.
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POWIAZANIE LAMANIA SYMETRII CZASTECZKI
KARBAMAZEPINY Z TOPOLOGIA SLABYCH ODDZIALYWAN
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Karbamazepina jest organicznym, aromatycznym zwigzkiem chemicznym
stosowanym powszechnie jako lek przeciwpadaczkowy oraz stabilizujacy nastrdj przy
leczeniu choroby afektywnej dwubiegunowej. Substancja ta sprawia jednak problemy
w formulacjach farmaceutycznych ze wzgledu na niska rozpuszczalno$¢ w wodzie oraz
polimorfizm. Obecnie wyodregbnia si¢ 5 odmian polimorficznych tego leku (od I do V)
[1], ktére réznig si¢ stopniem trwalo$ci — od struktur metastabilnych do najbardziej
stabilnej termodynamicznie formy III.

W ramach prowadzonych badan przeanalizowano baz¢ danych Cambridge
Structural Database (CSD), biorac pod uwage 165 czasteczek karbamazepiny.
Wykorzystano zaawansowane narzedzia obliczeniowe 1 analityczne, takie jak CSD
Python API, CSD Mercury, RStudio oraz metody oparte na teorii grup i teorii grafow. Do
ilustrowania zjawiska famania symetrii rozwazanych czasteczek zastosowano ,,diagramy
Mondriana”. Podj¢to probe zbadania korelacji subtelnych odchylen od docelowe;j
symetrii (analizujagc m.in. parametr A2 opisujacy skrecanie/rotacje oraz B1 opisujacy
rozcigganie/Sciskanie) z typem, liczba oraz wplywem wigzan wodorowych, a takze
oddziatywan aromatycznych wystepujacych we wszystkich formach krysztalow.

Chociaz wnioski z rozwazanych korelacji nie sg na ten moment jednoznaczne dla
wszystkich uktadow, to w przypadku poréwnywania odmian polimorficznych
karbamazepiny zauwazono istotng zalezno$¢. Wykazano, ze dla termodynamicznie
stabilnej formy (III CBMZPNI10) deformacja czasteczki umozliwia stabilizowanie
charakterystycznej topologii warstwy typu plaster miodu jedynie poprzez wigzania
aromatyczne. Znajomos$¢ tego typu zalezno$ci moze by¢ w przysztos$ci wysoce pomocna
w ustalaniu najbardziej prawdopodobnych struktur krystalicznych przewidywanych
teoretycznie z wykorzystaniem metod Crystal Structure Prediction (CSP).
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Imidazol i jego pochodne sa powszechnie wykorzystywane w syntezie
organiczno-nieorganicznych hybrydowych halogenkéw metali ze wzgledu na mozliwos¢
ksztaltowania ich wlasciwosci strukturalnych i fizykochemicznych [1,2]. W przypadku
hybrydowych chlorkéw cyny(IV) emisja w temperaturze pokojowej zazwyczaj wymaga
domieszkowania jonami o konfiguracji walencyjnej ns?, takimi jak Bi**, Sb*" czy Te**
[3.4].

Otrzymane krysztaly (C4H7N20)2SnCls (gdzie C4H7N2O to kation 4(5)-(hydroksy-
metylo)imidazoliowy), wykazuja jednak niebieska emisj¢ w temperaturze pokojowe;j
(Rys. 1) bez konieczno$ci stosowania aktywatordw, co sugeruje istotng role czgsci
organicznej w ksztattowaniu wtasciwosci optycznych.

Strukture zwigzku scharakteryzowano metodami monokrystalicznej (SXRD)
1 proszkowej (PXRD) dyfrakcji rentgenowskiej, natomiast oddziatywania
miedzyczasteczkowe przeanalizowano w oparciu o powierzchni¢ Hirshfelda. W celu
zbadania wplywu kationu organicznego na struktur¢ elektronowa przeprowadzono
obliczenia DFT oraz pomiary absorpcji UV—Vis.

Rys. 1. Krysztaty (C4H7N20)2SnCls w $wietle dziennym (po lewej) oraz w $wietle UV (po prawej).
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[W(CN)s(DAA)]* - NOWY, HETEROLEPTCZNY BLOK
BUDULCOWY OPARTY NA LIGANDACH CYJANOWYCH
I DIAMINOACETYLENIE —- OTRZYMYWANIE I SYNTEZA
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W 1988 roku opracowano metode syntezy heteroleptycznego kompleksu
(PPh4)2[W(CN)s(bpy)]-4H2O poprzez termiczny rozktad homoleptycznego zwigzku
(bpyH)3(H30)[W(CN)g]-H20 [1]. W trakcie procesu dwa ligandy cyjankowe zostaja
zastgpione przez obojetny, dwukleszczowy ligand 2,2’-bipirydyne (bpy). Analiza widm
IR surowego produktu wskazuje na obecno$¢ oczekiwanego kompleksu, jednak
obserwowane dodatkowe pasma przy okolo 1700 oraz 1559 cm’' sugeruja obecno$é
produktéow ubocznych niewynikajacych ze struktury zwigzku docelowego. Wielokrotna
rekrystalizacja z uktadu MeOH/H20 prowadzi do rozdzialu mieszaniny na dwa typy
krysztalow: ciemnofioletowe krysztaty (PPhs):[W(CN)s(bpy)]-4H>O oraz niemal
bezbarwne krysztaly nowego kompleksu (PPhy)>[ W(CN)g(daa)]-2H2O, gdzie daa oznacza
ligand diaminoacetylenowy (H2N-C=C-NH). Analizy iloSciowe wykazaty, ze zawarto$¢
kompleksu z ligandem daa w surowym produkcie moze osigga¢ nawet okoto 50% [2].
Strukturg badanego anionu przedstawiono na Rys. 1a.

Proces powstawania liganda daa monitorowano metoda spektroskopii IR in situ,
rejestrujgc widma probek pobieranych z glicerynowego roztworu reakcyjnego co 10
sekund podczas termicznego rozktadu zwigzku wyjsciowego. Zastosowanie gliceryny
umozliwito uzyskanie lepszej kontroli oraz powtarzalno$ci procesu, pomimo obecnosci
pasm pochodzacych od rozpuszczalnika. Postulowany mechanizm tworzenia liganda daa
opiera si¢ na reakcji:

2CN +4H" + 2¢ > (CNH),

Otrzymany anion [W(CN)s(daa)]* stanowi pierwszy dotychczas opisany przyktad
kompleksu zawierajacego skoordynowany ligand diaminoacetylenowy [2]. Szczeg6lnie
interesujacy jest fakt, ze ligand ten powstaje in situ podczas rozktadu termicznego, a nie
jest wprowadzany jako substrat reakcji. Optymalizacja procesu rozdziatu mieszaniny
produktéw umozliwita wyizolowanie obu czystych zwiazkow:
(PPh4)2[ W(CN)s(bpy)]-4H20 oraz (PPh4)2[ W(CN)s(daa)]-2H-0, co umozliwito prace nad
wykorzystaniem anionu [W(CN)s(daa)]* jako nowego bloku budulcowego do syntezy
wielordzeniowych materiatow molekularnych.

W  dalszych badaniach otrzymano nowy zwigzek koordynacyjny
[Mn(ZS)][W(CN)s(daa)]-0.75H,0O (1), gdzie ZS oznacza zasade¢ Schiffa otrzymang
w reakcji kondensacji 2,6-diacetylopirydyny z etylenodiaming (1:2). Asymetryczng czgs¢
komorki elementarnej zwigzku 1 przedstawiono na Rys. 1b. Analiza strukturalna
wykazata, ze zwigzek 1 tworzy jednowymiarowg architekture zbudowang
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z zygzakowatych  tancuchow typu -Mn-N=C-W-C=N-Mn-, stabilizowanych
oddziatywaniami miedzyczasteczkowymi pomigdzy sagsiednimi lancuchami. Analiza
geometrii koordynacyjnej z wykorzystaniem programu SHAPE wskazuje, ze kation
Mn(II) przyjmuje geometri¢ lekko znieksztalconej bipiramidy pentagonalnej (PBPY-7),
natomiast centrum wolframu charakteryzuje si¢ geometriag lekko znieksztalconego
trojkatnego dwunastoscianu (TDD-8). Dla otrzymanego zwigzku oraz substratu
[Mn(ZS)]Cl>-3H>0 przeprowadzono rowniez badania wtasciwosci fizykochemicznych.

a) N4 b)

C23
@026

Rys. 1. (a) Struktura anionu [W(CN)s(daa)]* w zwiazku 1; (b) Asymetryczna cze$é komorki elementarnej
zwigzku 1 z przyjetym schematem numeracji atomow. Atomy wodoru w czgsci (b) pominigto dla
przejrzystosci rysunku. Wszystkie widoczne atomy przedstawiono za pomoca elipsoid termicznych na
30% poziomie prawdopodobienstwa.
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Proton-conducting materials based on organic salts that form hydrogen bonds
are receiving increasing attention for their potential applications in electrochemical
devices, such as fuel cells and sensors [1,2]. Proton transport in such systems is closely
linked to the formation of extensive hydrogen-bond networks, for example, via the
Grotthuss mechanism [3,4].

In this communication, we present comparative crystallographic, spectroscopic,
and theoretical studies of three organic salts, imidazolium salicylate (ImiSal),
benzimidazolium salicylate (BenSal), and 2-methylimidazolium salicylate
(2-MelmiSal). The compounds were obtained from solutions containing salicylic acid
and bases in appropriate solvents. The substrates were dissolved separately, and the
solutions were then combined and stirred on a magnetic stirrer. The resulting solutions
were allowed to crystallize, and the crystals were washed with a suitable solvent and left
to dry. Single-crystal X-ray diffraction revealed that the salts crystallize in different
space groups: Pbca (ImiSal) [5], P21/c (BenSal), and Pbcn (2-MelmiSal).

Hydrogen-bond motifs were analyzed and classified using the graph-set
formalism introduced by Etter et al. [6]. Across all structures, the salicylate anion
exhibits a characteristic intramolecular S(6) hydrogen-bond motif. Distinct hydrogen-
bond motifs were observed depending on the cation. The imidazolium salt forms
a helical C2(8) chain motif [5], whereas the benzimidazolium salt is characterized by an
R%(16) ring motif, consistent with previously reported benzimidazole—salicylate systems
by Amudha et al. [7]. In contrast, the 2-methylimidazolium salt exhibits a chain-like
hydrogen-bonded network with a zigzag topology [8].

Hirshfeld surface analysis was performed on all structures. Differences in
fingerprint plots reflect variations in intermolecular contacts and packing arrangements.
Infrared spectroscopy confirmed proton transfer from salicylic acid to the respective
bases, as indicated by characteristic shifts in vibrational bands. This is consistent with
the formation of ionic hydrogen-bonded systems. QTAIM analysis was used to
characterize hydrogen bonds by electron density at bond critical points. The results
indicate the presence of moderate to strong hydrogen bonds in all structures.

The results show that subtle changes in the base's molecular structure
significantly influence hydrogen-bond topology, crystal symmetry, and supramolecular
organization. These findings deepen understanding of structure—property relationships
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in hydrogen-bonded organic salts and inform the design of proton-conducting materials
based on salicylate systems.
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Pyridyl-substituted heterocycles represent an important class of ligands due to
their electronic flexibility, their versatile coordination ability, and structural tunability.
Their capacity to act as multifunctional ligands makes them highly promising for the
design of novel metal complexes with tailored properties. The incorporation of an allyl
substituent into the mentioned synthons may significantly change the coordination
abilities of the ligands due to the directed metal-olefin bonding and significantly
influence the optical properties of the resulting coordination compounds [1]. The aim of
this work is to develop novel Cu(l) m,0c-coordination compounds based on S- and N-
derivatives of pyridyl-substituted triazoles, pseudothiohydantoins and tetrazoles

(Fig. 1).

L1 L3 L4

Fig. 1. Allyl derivatives of pyridyl-substituted heterocycles used
for olefin-copper(I) complex preparation.

Crystals of the corresponding copper(I) m0-coordination compounds were
obtained under the conditions of the alternating-current electrochemical technique [1-2]
starting from the acetonitrile or alcohol solution of L and the corresponding copper(Il)
salts on copper electrodes. Diffraction data for the complexes were collected on Agilent
Gemini A and XtaLAB Synergy four-circle diffractometers using Mo Ku radiation
(A=10.71073 A) or Cu K« radiation (A = 1.54184 A).

Ligand L1 with CuCl forms a mixed-valence coordination compound
[Cul2(L1)2(H20)2Cu(H20)2(NO3)2](NO3)2. In its crystal structure, organic molecule
acts as a chelate-bridging ligand, being attached to two Cu(I) ions through the allylthio
group and two triazole atoms, forming {Cux(L1)2} subunits. The latter are
interconnected by {Cu'(H,0)2(NO;z)2} subunits through a pyridyl bridge into the
cationic infinite chains (Fig. 2). n-Bonded allyl group in complex is disordered over two
sites with an occupancy ratio of 0.63(2) : 0.37(2).
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In the crystal structure of Cu(NH2SO3) m,6-coordination compounds with L2,
there are four crystallographically independent Cu(I) ions. Two of them (Cul and Cu2)
form a dimeric {Cux(L2)2} subunit, organized by coordination of two organic ligands
with allylthio groups and two triazole atoms. The other two (Cu3 and Cu4) metal ions
adopt a trigonal planar arrangement composed of a pyridyl N atom and sulfamate
anions. Two of the four crystallographically independent anions act as a bridge
connecting organometallic moieties into a 1D-coordination polymer.

Fig. 2. Cationic chain in the crystal structure of mixed-valence Cu'/Cu' coordination compound
with ligand L1. One of the disordered positions of n-bonded allyl group with lover S.O.F. is shown in
semi-transparent mode.

Pseudothiohydantoin ligand L3 with ionic copper salts forms crystalline
compounds with two crystallographically independent Cu(l) ions forming isolated
dimeric [Cux(L3)2] units. Chelate bridging organic molecule fully realizes its
coordination abilities, being attached to the metal ions through the C=C bond of the
allyl group, imine N atom, and the pyridyl N atom. The apical position of the trigonal-
pyramidal Cu(I) surrounding depending on the anion type, is occupied by a water
molecule or atoms of the corresponding anions. Ligand L4 despite the presence in its
structure of four donor N atoms, prefer to bind with copper(I) only by allylic C=C bond
and one tetrazole N atom in a chelate mode. Specific organization of the obtained novel
olefin-copper(I) coordination compounds has been proven the key to achieving large
optical nonlinearity.
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Tetracyanoquinodimethane (7CNQ) and tetracyanoethylene (7CNE) are
compounds that have attracted significant attention due to their physicochemical
properties and their ability to form a wide range of crystal structures. In reactions with
metal iodides, metals, or organic cations they are readily reduced to form radical anions
(TCNQ™ and TCNE™) [1,2], thereby enabling the formation of charge-transfer
complexes. Consequently, they are considered promising candidates for semiconductor
applications [3].

TCNQ and TCNE readily undergo reactions with amines, most commonly leading
to the substitution of two nitrile groups (located on the same side of the ring or double
bond) by amino groups [4,5]. In reactions involving diamines, ring formation occurs.
Diamine derivatives of TCNQ and TCNE may exhibit fluorescent properties [6].

In the present study, we obtained and determined the crystal structure of a complex
comprising a novel TCNQ derivative (EtdA-TCNQ"") together with ethylenediamine and
1,4,7,10,13,16-hexaoxacyclooctadecane (18-Crown-6) molecules. The new derivative
was formed via substitution of two nitrile groups of 7TCNQ by an ethylenediamine
molecule, resulting in the formation of a five-membered ring. The derivative contains
a delocalized negative charge, whereas the positive charge is localized on one of the
amino groups of the ethylenediamine moiety. The compound crystallizes in the Cc space
group. The EtdA-TCNQ"™ molecules are oriented relative to one another at an angle of
approximately 44° and interact through hydrogen bonds formed between the N-H:-N
atoms belonging to the five-membered ring. Minor disorder is observed within the
ethylenediamine molecule.

A new TCNE derivative (TCNE—-EtdA) was also obtained and its crystal structure
was determined. The compound crystallizes in the C2/c space group. The TCNE—-EtdA
molecules are coplanar and interact through hydrogen bonding between the N—H group
of five-membered ring and the nitrogen atom of the nitrile group. Disorder is present
within the TCNE—-EtdA molecules.
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SUPERSILNE WIAZANIA WODOROWE W POCHODNYCH
TIOMOCZNIKA
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90-236 L6dz

Tiomocznik to interesujacy zwigzek organiczny - pochodna mocznika, w ktorej
atom tlenu zastgpiony jest atomem siarki. Obecnos$¢ grup aminowych oraz atomu siarki
sprawia, ze czasteczka ta jest doskonalym modelem do badania natury wigzan
chemicznych oraz stabilizujgcych interakcji w uktadach niekowalencyjnych. Tiomocznik
moze tworzy¢ rozne formy krystaliczne i agregaty czasteczkowe (dimery, trimery,
tetramery), w ktorych wigzania wodorowe odgrywaja zasadniczg rol¢ w utrzymaniu
stabilno$ci struktury.

Szczegdlne znaczenie ma analiza wplywu utlenienia tiomocznika na jego
wlasciwosci chemiczne. Dodanie atomow tlenu do struktury czasteczki prowadzi do
zmian w rozkladzie ggstosci elektronowej, a tym samym do modyfikacji charakteru
wigzan C-S. Zmiana ta moze wptywac nie tylko na wlasciwosci wewnatrzczasteczkowe,
ale takze na sposob, w jaki czasteczki wchodzg w interakcje miedzy soba. Zastosowanie
podejscia  wielocialowego umozliwia z kolei ocen¢ nieliniowych efektow
energetycznych, ktore nie wynikaja bezposrednio z sumy oddzialywan w parach atomow,
lecz sa efektem oddzialywan pomiedzy wicksza liczbg czasteczek — jest to efekt
nieaddytywny.

W niniejszej analizie podjeto probe kompleksowego zbadania wilasciwosci
strukturalnych, topologicznych i1 energetycznych uktadow czasteczek tiomocznika i jego
utlenionego analogu. Wykorzystano w tym celu metody oparte na teorii funkcjonatlu
gestosci (DFT) Ponadto zastosowano teori¢ Quantum Theory of Atoms in Molecules
(QTAIM), pozwalajaca na iloSciowy opis natury wigzan chemicznych. Analizowano
parametry topologiczne, takie jak gesto$¢ elektronowa w punktach krytycznych wigzan
(pBcp), laplasjan gestosci elektronowej (V2ppcp) 1 indeks delokalizacji (DI), ktore
umozliwiajg precyzyjne okreslenie charakteru badanych oddziatywan.
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NEW CRYSTALLINE FORMS OF SULFASALAZINE WITH
ENHANCED SOLUBILITY

Magdalena Ruszczak, Paulina NieScior-Browinska, Katarzyna Gibula,
Anna Zep, Marta Zezula

Lukasiewicz — Industrial Chemistry Institute, Rydygiera 8, 01-793 Warsaw

Sulfasalazine (SLZ) is a well-known anti-inflammatory drug used in the treatment
of rheumatoid arthritis [1] and gastrointestinal disorders such as ulcerative colitis
and Crohn’s disease [2]. It has also been demonstrated that, through inhibition
of the cystine/glutamate antiporter (y.") and suppression of the nuclear transcription factor
NF-«B activation, sulfasalazine exerts pronounced cytotoxic effects against cancer cells
[3-5]. Unfortunately, the therapeutic application of sulfasalazine is limited by its low
bioavailability (approximately 10—30% following oral administration) [1]. Due to its poor
solubility and low permeability, this compound is classified as a Class IV drug according
to the Biopharmaceutics Classification System (BCS) [6-7]. As a consequence of its
limited bioavailability, effective therapeutic use of sulfasalazine requires administration
of high doses (e.g., 1-3 g daily in patients with rheumatoid arthritis [1]), which results in
numerous adverse effects that significantly reduce patients’ quality of life. Therefore,
considerable efforts are currently focused on the development of novel crystal forms of
sulfasalazine exhibiting improved solubility and enhanced permeability leading to
increased bioavailability.

Herein, we present selected newly synthesized co-crystals of Sulfasalazine with
coformers containing N-heterocyclic aromatic unit. New multicomponent crystalline
solids were identified by solvent-drop grinding approach and isolated afterwards by slow
evaporation methods and characterized by powder X-ray diffraction, thermal analysis,
infrared spectroscopy, and solubility studies. The presented results demonstrate
the potential of crystal engineering strategies in the design of new solid forms of Active
Pharmaceutical Ingredients with improved solubility.
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Ru-Co0—CeO: CATALYSTS FOR SELECTIVE CO:
HYDROGENATION: INFLUENCE OF SURFACE AREA,
CRYSTALLINITY, AND METAL COMPOSITION
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Okolna 2, 50-422 Wroctaw

The catalytic hydrogenation of CO2 to CO has emerged as a favorable strategy for
CO; utilization, as CO is a valuable C1 platform molecule for the synthesis of liquid fuels
and chemicals. However, the preferential formation of CH4 through deep hydrogenation
over Metal-Ru-based catalysts remains a major challenge for achieving selective CO
production [1,2]. In this context, this work evaluates the catalytic hydrogenation of CO>
toward CO and CH4 over three ceria-based catalysts, Ruo.0sCe0.9502, Coo.10Ce0.9002, and
Ruo.05Co0.10Ce0.8502, by correlating CO> conversion, product selectivity, surface area,
crystallite size, and crystallinity. Among the catalysts, Ruo.0sCe.9502 exhibited the
highest BET surface area (106.8 m*g™!), small crystallite size (4.9-5.0 nm), and the
highest crystallinity within the series (61.9%). In the intermediate temperature range,
Ruo.05Ce0.9502 strongly favored deep hydrogenation to CHa, reaching CH4 selectivity
above 90% and an estimated maximum CHg yield of approximately 49.8% at 410 °C.
In contrast, Coo.10Ceo.0002 presented the lowest BET surface area (71.4 m?-g™!), the largest
crystallite size (6.6 nm), and intermediate crystallinity (32.6%). This catalyst displayed
the most selective behavior for the reverse water—gas shift pathway, favoring CO
formation with increasing temperature [3]. CO selectivity became complete at
approximately 488 °C (= 40%), while CO; conversion reached 64.9% at 762 °C.

The weak CHs formation observed for Coo.10Ce0.9002 (yield = 3%, 300-400 °C)
indicates that Co incorporation into the CeO- fluorite lattice favors CO production while
suppressing further hydrogenation to methane. The bimetallic Ruo.05Co00.10Ce0.8502
catalyst showed intermediate BET surface area (87.6 m?>-g’!), small crystallite size (4.8
nm), and the lowest crystallinity (24.1%), indicating a highly defective and structurally
heterogeneous ceria-based material. Catalytically, Ruo.05C00.10Ce0.8502 reached
a maximum CO; conversion of 65.5% at 759 °C and displayed a CH4 formation, with an
estimated maximum CHy yield of approximately 32.3% at 464 °C. After the catalytic
reaction, all catalysts exhibited crystallite growth, with final sizes increasing from 6.6 to
14.6 nm for Coo.10Ce0.9002 and from approximately 4.8-4.9 to 17.9 nm for both
Rug.05Ce0.9502 and Rug.05C00.10Ce0.850:.

The results demonstrate that Ruo.0sCeo.9502 is the most active catalyst for CO2
methanation, owing to its high surface area, small crystallite size, and efficient Ru/CeO>
interfacial sites. In contrast, Coo.10Ce0.9002 is the most suitable catalyst for selective CO
production via RWGS (reverse water-gas shift reaction), despite its lower surface area,
highlighting the key role of Co/CeO: sites in suppressing methane, and favoring CO
formation [3]. The bimetallic Ruo.05C00.10Ceo.8502 exhibits an intermediate balance
between activity and selectivity.
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In summary, our results indicate that Ru and Co incorporation can be used to tune
metal-CeO: catalyst selectivity, shifting the reaction pathway from CH4 formation
toward CO production by controlling the dopant composition.
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2,1,3-BENZOSELENADIAZOLE-BASED CHALCONES:
SYNTHESIS AND STRUCTURAL STUDIES
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2,1,3-Benzoselenadiazole system is of special interest for increasingly growing
organoselenium chemistry mainly due to its application in crystal engineering, but also
for being core moiety in molecules with anticancer, antiviral effects, and, particularly,
agents mitigating neurological diseases [1,2]. Chalcone scaffold, on the other hand,
is present in both natural and synthetic molecules targeting the key proteins involved in
neurodegeneration: monoamine oxidase B, P-secretase, acetyl- and butyrylcholine-
sterases [3]. The combining of these two structural motifs within a single molecule holds
significant potential for developing novel therapeutics for neuropharmacology.

The presentation will discuss the synthetic approach for the novel family of
benzo[c][1,2,5]selenadiazol-5-yl)-1-phenylprop-2-en-1-ones along with their crystallo-
graphic analysis. The influence of substituent's nature at the position para of the phenyl
ring on the supramolecular assembly patterns will be highlighted. Self-complementary
dimeric chalcogen squares, formed by Se----N bonds, characteristic synthon based on the
selenadiazole core, was observed in most cases (substituents: H, F, Cl, Br atoms, hydroxy
group) (Fig. 1). The implementation of the methoxy group to this position rearrange the
supramolecular architecture, breaking the complementarity and promoting chalcogen
bonds formation between oxygen atoms of methoxy and carbonyl groups respectively
with selenium atom of selenadiazole ring (Fig. 2).

Fig. 1. Chalcogen bonds in a chalcone crystal with fluorine-containing molecules.
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Fig. 2. Chalcogen bonds in a chalcone crystal with molecules containing a methoxy group.
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SHORT SYMMETRIC HYDROGEN BONDS IN CRYSTALS OF
ADENINE SALTS: A CHALLENGING CASE FOR QUANTUM
CRYSTALLOGRAPHY APPROACHES
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Hydrogen bonds are crucial types of intermolelular interactions responsible for
stabilization and packing of crystal structures. An accurate description of hydrogen bonds
is therefore essential for understanding the structural, mechanical, thermodynamic, and
spectroscopic properties of crystalline materials. However, hydrogen-atom positions
derived from conventional X-ray crystallography are inherently biased, limiting
the reliability of hydrogen-bond characterization.

Modern Quantum Crystallography, including approaches based on aspherical
atomic scattering factors from databanks such as DISCaMB MATTS [1] and methods
incorporating quantum-mechanical calculations, such as Hirshfeld Atom Refinement
(HAR) [2,3], have brought significant improvements in the field and allowed modelling
H-bonding accurately even in complex molecular and macromolecular systems.
Nevertheless, these methods still face important challenges and limitations.

In this work, we investigate an adenine salt with mellitic acid (tetraadeninium
dihydrogen mellitate tetrahydrate), whose crystal structure is stabilized by numerous
hydrogen bonds of variable geometry and strength, including exceptionally short,
symmetric O—-H:--O interactions. The performance of Transferable Aspherical Atom
Model (TAAM) [4-5] and HAR refinements against high-resolution, high-quality X-ray
diffraction data is evaluated with respect to hydrogen-atom positions and atomic
displacement parameters. The results are benchmarked against a crystal structure model
obtained from single-crystal neutron diffraction, providing a rigorous assessment of the
accuracy of contemporary quantum-crystallographic approaches for hydrogen-bond
modeling.
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ROTATIONALLY ADAPTIVE CF3 GROUP IN
A TFA-PROTECTED PEPTIDOMIMETIC CRYSTAL: FROM
WEAK F---H MOTIFS TO GPCR POCKET CONTACT CLASSES
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Trifluoromethyl groups are common in bioactive molecules, yet their
supramolecular role is often reduced to lipophilicity or treated as a questionable fluorine
hydrogen bond [1]. We report the crystal structure of the new TFA-protected
Co,a-dialkylated dipeptidomimetic Tfa—Aib—Deg—O-tBu and use it to examine how
a disordered CF3 group participates in weak contact networks [2]. The molecule forms
a primary N-H---O hydrogen-bonding framework, while the CF3 group is rotationally
disordered over two orientations. Separate graph-set analysis of both components shows
that rotation changes the fluorine atom and donor partner involved, but preserves access
to related F---H contact classes. The major component contributes mainly through weak
C—H:--F motifs, whereas the minor component additionally gives an intramolecular
N-H---F S(5) contact. Comparison with related CSD structures, Hirshfeld fingerprints,
enrichment ratios and energy-framework analysis shows that F---H/H:---F contacts are
recurrent and surface-significant, but not dominant strong synthons, belonging instead
to a dispersion-supported weak-contact regime [3,4]. We therefore describe CF; as
a rotationally adaptive multi-contact node [5]. This crystal-derived contact language is
relevant to GPCR ligand design, where CF3 substituents may improve pocket
recognition not through a single strong fluorine bond, but by sampling multiple weak
C—H-rich and polar microenvironments [1].
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SYNTHETIC DERIVATISATION APPROACHES FOR
CRYSTALLISATION AS A ROUTE TO STRUCTURAL
ELUCIDATION
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Accessing crystal forms of a compound is a key step in structural elucidation,
allowing for the determination of absolute stereochemistry, via single crystal X-ray
diffraction (SCXRD) analysis. However, growing high-quality single crystals for SCXRD
analysis can be challenging, particularly of complex molecules such as natural products
[1]. The high-throughput ENaCt protocols can often aid crystallisation of complex
molecules [2]. However, when crystallisation is still unsuccessful, additional methods
must be employed. Herein, we demonstrate a novel approach utilising functionalised
crystallisation of “uncrystallisable” aldehydes and ketones for structural elucidation. Our
approach employs an in-situ condensation reaction between carbonyl containing
molecules and a custom designed arylhydrazine within the crystallisation nanodroplet.
This approach aims to enhance molecular interactions promoting crystallisation and
improving anomalous X-ray signal to aid stereochemical elucidation. The derivatisation
reactions take place within a single 150 nL droplet of organic solvent encapsulated within
an inert oil, resulting in highly crystalline hydrazone products. The reaction is designed
to leave the stereochemistry of the parent molecule intact. These hydrazones are
subsequently analysed by single crystal X-ray diffraction (SCXRD), allowing the
structure and absolute stereochemistry of the parent molecule to be inferred. The
generality of this approach is exemplified via the in-situ synthesis and SCXRD analysis
of several new crystalline hydrazones, as a method for the structural elucidation of
“uncrystallisable” carbonyl-containing small organic molecules. These include
challenging examples of natural products and bioactive molecules, such as the novel
crystal structure of a Rifamycin derivative.
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Chemistry of organic fluorine compounds has become one of the most dynamic
areas of modern chemical research. The growing significance of fluorine-containing
compounds is clearly reflected in pharmaceutical and agrochemical research. Also, they
have been successfully employed in advanced functional materials, including
photothermo-refractive glasses, high-performance lubricants, and bioactive molecules,
owing to their favorable mechanical properties, chemical stability, and biocompatibility
[1]. Due to the wide applicability of such compounds in this work, we investigated the
solid form of butane-1,4-diyl bis(trifluoromethane-1-sulfonate) [Fig. 1.] called BTS,
whose structure was unknown.

0] F
O—Q F
]
F 0]
e
]

Fig. 1. Structure formula of butane-1,4-diyl bis(trifluoromethane-1-sulfonate) (BTS).

For the BTS single crystal X-ray diffraction measurement was conducted at
100 K, and the crystal structure was elucidated (Fig. 2.). The structure is stabilized
mainly by chalcogen and fluorine-fluorine interactions. The simulated powder pattern
for this structure and the registered one at room temperature did not match, but shared
strong similarities. At this point, we conducted variable-temperature X-ray
measurements on a single crystal of BTS and obtained structures from data collected at
293 K, 273 K, 223 K, and 173 K. Temperature-dependent X-ray diffraction
measurements reveal smooth, continuous, and anisotropic thermal expansion [Fig. 3.]
without any indication of phase instability or a structural phase transition. To extend our
research and describe thermal expansion, we used the PASCal online tool to calculate
the volume and axial thermal expansion coefficients. Compared to the literature mean of
168.8 MK™! [2] for volumetric coefficient, our compound presents a high value of
254.4165 MK,
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Fig. 2. Structure of BTS with atom numbering scheme. Ellipsoids are drawn at 50% probability.
Data were collected at 100 K.
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Fig. 3. Percentual thermal expansion along the three orthogonal directions in the structure of BTS.

Literature
[1] C. Tantardini, F. N. Jalolov, A.G. Kvashnin, J. Phys.Chem. C, 126 (2022) 11358-11364.
[2] A.van der Lee, D. G. Dumitrescu, Chem. Sci., 12 (2021) 8537-8547.

67 Konwersatorium Krystalograficzne, Warsztaty
i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 24-26 VI 2026 133



A-48

PROJEKTOWANIE, SYNTEZA 1 BADANIE FAZY STALEJ
W UKLADACH WIELOSKLADNIKOWYCH ZAWIERAJACYCH
WYBRANE PARY LEK-NUTRACEUTYK ORAZ LEK-LEK

Katarzyna Niedo$pial!, Izabela Madura!, Helena Butkiewicz!,
Agnieszka Adamczyk-Wozniak?, Aneta Pobudkowska-Mirecka?, Edyta Pindelska®,
Maja Morawiak*

! Katedra Chemii Nieorganicznej, Wydziat Chemiczny, Politechnika Warszawska,
ul. Stanistawa Noakowskiego 3, 00-664 Warszawa
? Katedra Chemii Fizycznej, Wydzial Chemiczny, Politechnika Warszawska,
ul. Stanistawa Noakowskiego 3, 00-664 Warszawa
3 Katedra i Zaktad Chemii Farmaceutycznej i Biomaterialow, Wydzial Farmaceutyczny,
Warszawski Uniwersytet Medyczny, ul. Stefana Banacha 1, 02-097 Warszawa
* Instytut Chemii Organicznej PAN, ul. Marcina Kasprzaka 44/52, 01-224 Warszawa

Badanymi substancjami leczniczymi s3 lewofloksacyna 1 ciprofloksacyna,
nalezace do grupy III generacji antybiotykow tzw. fluorochinolonow.

Celem badan jest poprawa wlasciwos$ci farmakologicznych antybiotykow takich
jak: rozpuszczalno$¢, szybko$¢ uwalniania i wchianiania leku, ale takze otrzymanie
nowych uktadow o nowych wiasciwosciach, innych niz wyjsciowe komponenty.
Wykorzystujac nowe narzedzia w programie CSD-Mercury [1] dobrano odpowiednie
nutraceutyki do syntez oraz podjeto probe otrzymania nowych zwigzkow
z wykorzystaniem benzoksaboroli (substancji leczniczych o wlasciwosciach
przeciwgrzybiczych).

Syntez¢ przeprowadzono z uzyciem metod mechanochemicznych oraz metody
rozpuszczalnikowej [2]. Zastosowano ucieranie na sucho oraz z dodatkiem
rozpuszczalnika w homogenizatorach, a takze w mtynie kulowym z kulkami metalowymi
oraz agatowymi.

Ucieranie z dodatkiem rozpuszczalnika okazalo si¢ skuteczng metoda
w otrzymywaniu wybranych uktadéw lek-nutraceutyk i lek-lek. Wystgpowanie nowych
faz statych potwierdzno metodami dyfrakcji proszkowej oraz spektroskopii IR. Z uktadu
etanol-kwas octowy otrzymano nowa sol ciprofloksacyny, ktorej strukturg potwierdzono
badaniem dyfrakcji rentgenowskiej na prébkach monokrystalicznych.

Wykorzystane metody syntezy wskazuja na wlasciwy kierunek badan
w otrzymywaniu nowych faz o potencjalnym zastosowaniu w farmaceutykach,
w szczegdlnosci w lekach w formie masci.
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NOWY KOKRYSZTAL GENISTEINY — INZYNIERIA
KRYSTALICZNA VS METODY IN SILICO

Natalia Mikluszka, Marcin Sobczyk, Aneta Jezierska, Andrzej Kochel

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

Flawonoidy sg zwigzkami pochodzenia naturalnego, ktore czesto wykazuja
aktywnos$¢ biologiczna. Ze wzgledu jednak na ich ograniczong rozpuszczalno$é
w wodzie, w projektowaniu nowych farmaceutykow flawonoidy coraz czesciej otrzymuje
si¢ w postaci kokrysztaldow, co =zazwyczaj zwigksza ich rozpuszczalnos¢,
a tym samym biodostepno$¢ [1]. Flawonoidy znajduja rowniez zastosowanie w innych
dziedzinach, takich jak optoelektronika, przykladowo w materiatach wykazujacych
luminescencje, technologiach OLED czy ogniwach fotowoltaicznych [2].
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Rys. 1. Struktura molekularna kokrysztatu genisteiny z 1 H-imidazo[4,5-f]chinoling. Elipsoidy termiczne
dla atomow niewodorowych narysowano z 50% prawdopodobienstwem [3].

Otrzymany zwiagzek krystalizuje w uktadzie jednosko$nym, przy stosunku
stechiometrycznym czasteczek 1:1. W krysztale wyst¢epuja wigzania wodorowe
wewnatrz- jak 1 migdzyczasteczkowe, ktore stabilizuja strukture krystaliczng. Kokrysztat
wykazuje rowniez witasciwosci luminescencyjne. Wykonano symulacje kwantowo-
chemiczne oparte na Teorii Funkcjonatu Ggstosci (DFT) oraz metodzie dynamiki
molekularnej Cara 1 Parrinello (CP-MD). Rezultaty badah dostarczyty cennych
informacji o roli oddziatywan niekowalencyjnych, ruchu protonu w mostku wodorowym,
a takze zmianach wybranych parametrow fizykochemicznych w czasie.

Autorzy dzigkuja centrom obliczeniowym ACK Cyfronet AGH w Krakowie (grant
PLG/2025/018939) oraz  Wroctawskiemu Centrum  Sieciowo-Superkomputerowemu (WCSS)
we Wroctawiu (grant 206) za udostgpnienie zasobow obliczeniowych w celu realizacji projektu.
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NIETYPOWA FAZA W KRYSZTALE [ReO2z(en):]NO3 JAKO
WYNIK SZYBKIEGO CHLODZENIA (FLASH COOLING)

Monika K. Krawczyvk

Instytut Fizyki Doswiadczalnej, Uniwersytet Wroctawski
Pl M. Borna 9, 50-204 Wroctaw

Odkryto drugi przyktad zjawiska wystepowania nowej fazy indukowanej szybkim
chtodzeniem (flash cooling). Pierwsze zjawisko zaobserwowano w krysztale
trifenylosilanolu (Ph3SiOH) [1]. Prezentowane badania dowodza, ze w krysztale trans-
dioksydobis(etylenodiamina)ren(V) o wzorze [ReO2(en)2]NOs [2], ktory poddany zostat
szybkiemu chtodzeniu z temperatury pokojowej do temperatury okoto 100 K, powstaje
nowa faza charakteryzujaca si¢ czterokrotnym wzrostem objetosci komorki elementarne;.
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Rys. 1. Struktura soli [ReOx(en),]NO3z w temperaturze 100 K. Elipsoidy drgan atoméw Re, O, N i C
podano z prawdopodobienstwem 50%.
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HETEROMETALLIC GROUP 4-RARE EARTH OXIDE
NANOMATERIALS FOR RADIOACTIVE WASTE
IMMOBILIZATION

Karolina Matuszak, Rafal Petrus

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

This study focuses on developing an efficient synthesis method for functional
pyrochlore-type oxide nanomaterials designed for the effective immobilization of
radioactive waste. Binary oxide nanomaterials with the general formula REoM"207 (where
RE is a rare-earth metal and M’ is a group 4 metal) represent a versatile class of
heterometallic materials. Their diverse chemical and physical properties—such as high
thermal and radiation stability, elevated melting points, and chemical resistance—are
strongly depended on oxygen vacancies, chemical composition, and the structural
ordering of RE** and M'*" ions. These attributes make them exceptionally promising for
radioactive waste management. For instance, modified RE2M’>0O7 nanomaterials can be
tailored to incorporate specific fission products like Strontium-90 and Cesium-137.
Furthermore, the substitution of RE*" ions in place of yttrium in Y>Ti,07 can be used for
the immobilization of model ions La, Nd, and Eu which act as surrogates for Ac(III),
Cm(III), and Am(III), respectively.

Depending on the ionic radii ratio r(RE*")/r(M'*"), these oxides crystallize into
either a disordered fluorite structure (favored when the ratio is below 1.46) or a stable
cubic pyrochlore structure (formed when the ratio ranges between 1.46 and 1.78).

In this study, heterometallic group 4-rare earth oxo-alkoxides [RE>Ti4(pu-O)2(ps-
OEt)2(u-OEt)s(OEt)s(Cl)2(HOEt)] (RE = La (1), Y (2), Nd (3)), [LaaM’2(u3-O)(u-
OEt)s(u-Cl)(OEt)2(HOEt)4(Cl)4], (M’ = Zr (4), Hf (5)), [NdsM’4(u3-O)2(u-OFEt)10(p-
CD4(OEt)s(HOEt)10(Cl)2] (M’ = Zr (6), Hf (7)), and [Cp2TiYb(n-OEtOMe)2(EtOH)CI2]
(8) (HOEt = ethanol, HOEtOMe = 2-methoxyethanol) were synthesized, structurally
characterized, and used as molecular precursors to obtain oxide nanomaterials La,Zr0O7,
La;Hf,07, Nd2Zr,07, Nd2H07,Y2Ti207, and Yb,Ti207 (Fig. 1).

950 °C

[Nd4M'4(O)2(OEt)m(EtOH)mCIS] NdZM 2O7 oxide nanomaterials
M' = Zr, Hf

Fig. 1. The synthesis of NdoM’,0O7 nanomaterial by thermal decomposition of
[NdsM’4(0)2(OEt)15(HOE?t)10(Cl)s].
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The crystallographic data show that 1-3 are centrosymmetric hexanuclear clusters
in which RE centers surrounded by O7Cl donors adopt a square antiprismatic geometry,
and titanium atoms coordinated with Os donors form distorted octahedrons. In 4 and 5
the lanthanum atoms are by one oxo, three chloro, and four ethoxo ligands and adopt a
triangular dodecahedral geometry; the M’ atoms coordinated by one chloro, one oxo, and
four ethoxo groups form distorted octahedrons. Compounds 6 and 7 are octanuclear
clusters formed by two {Nd2M'>(u3-O)(u-OEt)s(u-Cl)(OEt)s(HOEt)s(Cl)} units bridged
by two u-Cl group.

Acknowledgment: The authors want to thank National Science Centre for financial
support under grant no. 2023/49/B/ST4/04068.

Literature

[1] X.Lu, Y. Ding, H. Dan, M. Wen, X. Mao, Y. Wu, X. Wang, Materials Letters, 136 (2014) 1-3.

[2] T. Mdller, A. Clearfield, R. Harjula, Microporous and Mesoporous Materials, 54 (2002) 187—-199.

[3] R. Petrus, K. Chomiak, J. Utko, M. Wilk-Kozubek, T. Lis, J. Cybinska, P. Sobota, Inorg. Chem., 59
(2020) 8108—-8120.

[4] R. Petrus, K. Chomiak, J. Utko, A. Bienko, T. Lis, P. Sobota, Inorg. Chem., 59 (2020) 16545—-16556.

67 Konwersatorium Krystalograficzne, Warsztaty
138 i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 24-26 VI 2026



A-52

HALOGEN-TUNED RECOGNITION OF PIPERAZINE
DERIVATIVES BY CUCURBIT[7]URIL

David A. Rincon, Ewelina Zaorska, Maura Malinska

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

Piperazine-based fragments are common motifs in bioactive molecules, but their
supramolecular recognition by cucurbit[7]uril (CB[7]) remains underexplored,
particularly for drug-like guests of moderate affinity. Here, we investigate a series of
halogenated N-phenylpiperazine and 2-(piperazin-1-yl)pyrimidine derivatives as CB[7]
guests using an integrated experimental and computational approach. Binding
thermodynamics were determined by isothermal titration calorimetry, while selected
complexes were characterized by single-crystal X-ray diffraction. Molecular
simulations and interaction-energy analyses were used to connect the observed
thermodynamic trends with host—guest geometry and ligand conformation [1].

The effect of halogen substitution on CB[7] affinity is strongly position-
dependent. Para substitution becomes important mainly for larger, more polarizable
halogens, especially iodine, which can interact with the carbonyl-lined portal and
enhance enthalpic stabilization. Smaller halogens are more effective at the ortho and
meta positions, where they provide weak cooperative contacts within the complex. The
ortho-fluorinated derivatives are particularly favorable because they combine such host—
guest contacts with intramolecular C—H:--F interactions that pre-organize the ligand in
solution and reduce the entropic penalty of complexation.

The combined structural, thermodynamic, and computational analysis indicates
that CB[7] recognition is governed not by a single dominant interaction, but by the
interplay of host—guest shape complementarity, electrostatics, dispersion, and ligand
flexibility. This interpretation is supported by prior conformational benchmarking of
piperazine-based ligands against DLPNO-CCSD(T)/CBS reference energies, which
provided a validated background for describing their intrinsic flexibility and
protonation-dependent conformational preferences [2].

Together, these results demonstrate that moderate-affinity CB[7] complexes can
reveal how substitution pattern, conformational pre-organization, and weak cooperative
interactions govern the supramolecular recognition of pharmacologically relevant
piperazine-based fragments. The broader relevance of these motifs is further illustrated
by CB[7] binding studies of selected piperazine-containing drug molecules.
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MOZAIKI MOLEKULARNE
KWASU (3-AMINOPROPYLO)KARBAMINOWEGO

Anna Kwiecien!, Andrzej Kochel?
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Kwas karbaminowy (kwas aminomréwkowy, Rys. 1) jest bardzo nietrwatym
zwigzkiem i ulega rozktadowi na dwutlenek wegla i amoniak. Kwas karbaminowy moze
by¢ stabilizowany poprzez tworzenie soli (np. karbaminianu amonu) albo tworzenie
estrow z alkoholami alifatycznymi lub aromatycznymi. Podstawienie grupa alkilowa
jednego z atomow wodoru przy atomie azotu prowadzi do utworzenie kwasu
N-monoalkilokarbaminowego [1]. Estry kwasu N-metylokarbaminowego s3
insektycydami. Inne karbaminiany, tiokarbaminiany czy ditiokarbaminiany stosowano
jako fungicydy i herbicydy [2]. Karbaminiany maja takze szerokie zastosowanie w
farmakologii (m.in. w terapii choroby Alzheimera, miastenii czy jaskry) [3]. Od lat 40-tych
XX wieku karbaminiany badano takze pod katem potencjalnych chemicznych §rodkow
bojowych, dla niektorych z nich wykazano toksycznos$¢ porownywalng do VX [3].
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Rys. 1. Wzor kwasu karbaminowego z zaznaczonymi miejscami wprowadzenia dodatkowych
podstawnikow.

Kwas (3-aminopropylo)karbaminowy, otrzymany w katalitycznej reakcji
z udzialem katalizatora na bazie Re(IV), krystalizuje jako jon obojnaczy (Rys. 2)
w ukfadzie jednosko$nym, typie grup przestrzennych P2i, a=4.8483(4) A,
b=12.1546(12) A, ¢=4.99613)A, B=96.575(7)°, V=292.484)A%, Z=1,
T=1002) K, p. = 1.341 gem>, g = 0.107 mm', Gnin = 4.106°, Omax = 28.871°,
Rint = 0.0285, R1 = 0.0398, wR> = 0.0651, GoF = 0.931.

Rys. 2. Struktura molekularna zwitterionu kwasu (3-aminopropylo)karbaminowego.
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Struktura krystaliczna stabilizowana jest przez szereg migdzyczasteczkowych
wigzan wodorowych N-H:---O, ktore tworza szereg motywow wigzah wodorowych

migdzy innymi grafy Rg (36), Rg (38) — ponizej (Rys. 3) przyktad jednego z grafow.

Rys. 3. Motyw wigzan wodorowych tzw. graf Rg (38).

W sieci krystalicznej natomiast r6znorodno$¢ wigzan wodorowych odpowiada
za powstanie ,,mozaiki molekularnej” (Rys. 4.).

P Oy YA N~ DA N L
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MOZAIKA MOLEKULARNA 4

Rys. 4. Jedna z form ,,mozaiki molekularnej’’ powstajacej w krysztale.
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ODDZIALYWANIA SUPRAMOLEKULARNE W UKLADACH
TYMINA - KWASY KARBOKSYLOWE
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Celem pracy bylo otrzymanie kokrysztaldow tyminy z wybranymi kwasami
karboksylowymi, tj. kwasem 3-hydroksybenzoesowym oraz kwasem 3,5-dinitro-
salicylowym. Tymina, znana réwniez jako 5-metylouracyl, jest pochodng pirymidyny
oraz jedna z czterech zasad azotowych wystgpujacych w DNA, gdzie odgrywa istotng
role w przechowywaniu i przekazywaniu informacji genetycznej. Ze wzgledu na
znaczenie biologiczne pochodne tyminy znajduja zastosowanie w projektowaniu
zwigzkow o potencjalnym dzialaniu przeciwwirusowym i przeciwnowotworowym.

Tymina jest réwniez przyktadem zwigzku wykazujacego polimorfizm, czyli
zdolno$¢ do wystgpowania w wigcej niz jednej formie krystalicznej [1-3]. W ramach
przeprowadzonych eksperymentéw krystalizacyjnych otrzymano dwie odmienne formy
krystaliczne tyminy, réznigce si¢ ksztaltem i pokrojem krysztalow. Ponadto uzyskano
dwa solwaty kokrysztatow tyminy z wybranymi kwasami karboksylowymi. Otrzymane
struktury przeanalizowano pod katem oddzialywan miedzyczasteczkowych, ze
szczegblnym uwzglednieniem wigzan wodorowych, ktére odgrywaja kluczowa role
w stabilizacji sieci krystalicznej oraz w uporzadkowaniu czasteczek w uktadzie
supramolekularnym.

0 0 OH
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Rys. 1. Schemat krystalizacji tyminy z kwasem 3-hydroksybenzoesowym oraz 3,5-dinitrosalicylowym.
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STABILNOSC SUBSTANCJI O DZIALANIU
PRZECIWBOLOWYM W SRODOWISKU KWASNYM
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Wydziat Chemiczny, Politechnika Warszawska, Stanistawa Noakowskiego 3,
00-664 Warszawa

Stabilno$§¢ substancji czynnych jest kluczowa dla ich skuteczno$ci
i bezpieczenstwa stosowania. Jednym ze sposobow modyfikacji wlasciwosci
fizykochemicznych lekow jest tworzenie uktadéw wielosktadnikowych z odpowiednimi
koformerami. Paracetamol jest powszechnie stosowanym lekiem przeciwbdlowym,
natomiast metacetamol, jego izomer strukturalny, pozostaje slabo poznany mimo
wykazywanej aktywnos$ci biologicznej 1 wystgpowania w dwoch formach
polimorficznych. W badaniach uwzgledniono rowniez salicylamid substancj¢ o dziataniu
przeciwbolowym, wptywajaca nie tylko na osrodkowy, ale rowniez na obwodowy uktad
nerwowy. Chociaz paracetamol jest jedna z najpopularniejszych substancji aktywnych,
wykazuje on dzialanie hepatotoksyczne, ktorego metacetamol i salicylamid — ze wzgledu
na inne szlaki metaboliczne — nie wykazuja. Badanie zdolnos$ci tych zwiazkéw do
tworzenia uktadow wielosktadnikowych pozwala oceni¢ ich stabilno$¢ i potencjalne
zastosowanie farmaceutyczne [1].

W celu analizy poroéwnawczej istniejacych struktur badanych lekow
wykorzystano programy CSD-ConQuest i CSD-Mercury [2], a nastgpnie zaprojektowano
nowe uklady wielosktadnikowe. W wyniku ucierania substratéw w obecnosci kwasow
sulfonowych otrzymano nowe uktady wielosktadnikowe, a ich powstanie potwierdzono
za pomocg PXRD oraz UV-Vis. Dodatkowo, przeprowadzono obliczenia w programie
ORCA [3] w celu wygenerowania symulowanych widm IR oraz UV-Vis, ktore nast¢pnie
wykorzystano do analizy poréwnawcze] z danymi otrzymanymi eksperymentalnie.
Biorac pod uwagge silne wtasciwosci donorowo-akceptorowe kwasow sulfonowych oraz
ich zdolno$¢ do tworzenia stabilnych wigzan wodorowych, stanowig one szczegolnie
obiecujaca grupe substancji, réwniez pod katem ich potencjalnych zastosowan
farmaceutycznych. Nastepnie, przeprowadzono rowniez proby uzyskania kokrysztatow
z kwasami o wickszym pKa wystepujacymi w produktach spozywczych.

Kolejnym krokiem bylo nastawienie krystalizacji w celu otrzymania
monokrysztalow uktadow wielosktadnikowych. Odkryto wowczas, Ze probki po pewnym
czasie ulegajg zabarwieniu. Zauwazono wystepowanie roznego zabarwienia tych samych
uktadow w zaleznos$ci od sposobu przygotowania probki. W zwigzku z tym wykonano
jeszcze badania HPLC oraz UV-Vis w celu okreslenia stabilno$ci badanych ukladow
w zaleznos$ci od mocy kwasow.
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Determination of crystal structures is fundamental to understanding the
properties of crystalline materials and it forms the backbone of crystal engineering—not
only in the context of specific crystalline materials but also as a source of data for data-
driven science. Remarkably, a number of widely used compounds still lack reported
crystal structures. In this work, we present the crystal structure of tetracaine, an
important Active Pharmaceutical Ingredient.

To date, only a very limited number of structural reports concerning its solid
forms are available, and despite tetracaine having been known since 1928 [1], the
crystal structure of the pure base has remained unresolved. We have revealed that
tetracaine crystallizes in the monoclinic crystal system, space group P2;, with one
molecule in symmetry-independent part of the unit cell [2].

Our analysis shows that crystal aggregation is governed by the formation of
N—-H:--O hydrogen bonds, analogous to other caines such as benzocaine, procaine, and
lidocaine. However, due to an imbalance between hydrogen-bond donors and acceptors,
the preferred interaction landscape is not fully satisfied. Nevertheless, tetracaine
exhibits an unexpectedly high lattice energy of —163.15 kJ-mol!, arising largely from
dispersive interactions. This finding is consistent with the low aqueous solubility of
tetracaine, yet contrasts with its relatively low melting point of 314 K.

We analyzed crystal structure of tetracaine with respect to intermolecular
interactions and molecular conformation in order to rationalize its physicochemical
properties. In addition, the crystal structures of the pure compound and its
hydrochloride salt are compared, with particular emphasis on the effect of protonation
of the tertiary amine nitrogen on the overall crystal packing.
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Many currently available antibiotics can act as ligands capable of coordinating
metal ions and forming new complexes with modified bioavailability, membrane
permeability and intracellular distribution compared to the free ligand itself [1]. The
emergence of various forms of resistance to antibacterial and antifungal drugs has become
a global problem, as many commonly used antimicrobials have proven ineffective in the
treatment of disseminated bacterial infections [2]. Intensive and inappropriate use of
antibiotics is considered a major factor contributing to the emergence of numerous
pathogens that have evolved into multidrug-resistant forms [3]. Given the growing
challenges associated with resistance to conventional antibiotics, increasing attention has
recently been devoted to the development of alternative antimicrobial agents.

Silver is a metal of considerable importance in medicinal chemistry, as its simple
salts, nanoparticles, and complexes have been used as antiseptics [4], antimicrobial agents
[5], and anti-inflammatory agents [6], while demonstrating acceptable toxicity toward
human cells. Silver(I) ions administered in the form of complexes have been shown to
provide long-lasting and effective antimicrobial activity, capable of preventing microbial
proliferation and recolonization.

Experimental evidence indicates that Ag(I) complexes with weaker Ag—O and
Ag-N bonds exhibit more potent antimicrobial activity than those with the stronger Ag—
P and Ag-S bonds [7]. In the light of the biological importance of Ag(I) complexes, the
synthesis of biologically active and less toxic silver complexes has attracted considerable
attention.

In this study, new polymorphic forms of silver(I) nitrate complexes of
dimetridazole are reported. The complexes were synthesized using different
stoichiometric ratios, and the post-reaction conditions as slow evaporation temperatures
were varied. These parameters resulted in structural differences among three polymorphic
crystal forms. Additionally, copper(Il) nitrate and zinc(Il) nitrate complexes with
dimetridazole were synthesized and characterized as part of this project.

Literature

[1] E. Guney, V. T. Yilmaz, O. Buyukgungor, Inorg. Chem. Comm., 13 (2010) 563-567.

[2] S. Harbarth, U. Theuretzbacher, J. Hackett on behalf of the DRIVE-AB consortium, J. Antimicrob.
Chemother., 70 (2015) 1604—-1607.

[3] T. M. Barbosa, S. B. Levy, Drug Resist., Update 3 (2000) 303-311.

[4] G. McDonnell, A. D. Russell, Clin. Microbiol. Rev., 12 (1999) 147-179.

[5] F. W. Fuller, J. Burn Care Res., 30 (2009) 464—470.

[6] B.S. Atiyeh, M. Costagliola, S. N. Hayek, S. A. Dibo, Burns., 33 (2007) 139-148.

[7] T.Dai, Y. Y. Huang, S. K. Sharma, J. T. Hashmi, D. B. Kurup, M. R. Hamblin, Recent Pat. Antiinfect.
Drug Discov., 5 (2010) 124-151.

67 Konwersatorium Krystalograficzne, Warsztaty
i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 24-26 VI 2026 145



A-58

NEW MULTICOMPONENT NORFLOXACIN CRYSTALS WITH
N-HETEROCYCLIC COFORMERS - SOLUBILITY ANALYSIS
AND BIOLOGICAL ACTIVITY ASSESSMENT

Anna Ben'?, Aleksandra Felczak?®, Katarzyna Kurpet!, Lilianna Checinska’

I University of Lodz, Faculty of Chemistry, st. Pomorska 163/165, 90-236 Lodz
2 University of Lodz Doctoral School of Exact and Natural Sciences,
st. Jana Matejki 21/23, 90-237 Lodz
3 University of Lodz, Faculty of Biology and Environmental Protection,
st. Banacha 12/16, 90-237 Lodz

Fluoroquinolone antibiotics play a pivotal role in human and veterinary
medicine and are listed among the World Health Organization's essential medicines.
Norfloxacin, a first-generation fluoroquinolone, possesses broad antimicrobial activity,
however, its clinical application is limited by poor aqueous solubility and low
permeability, which hinder conventional pharmaceutical formulation [1].

Our project aims to overcome these limitations through crystal engineering,
focusing on the design and synthesis of novel multicomponent pharmaceutical crystals
of norfloxacin with N-heterocyclic coformers. The selection of heterocycles is strategic,
as they offer diverse physicochemical properties, including hydrogen-bonding
functionality and potential biological activity, which may improve solubility and
enhance the effectiveness of norfloxacin in treating various bacterial infections.

The antimicrobial activity of the obtained solids will be evaluated against both
Gram-positive and Gram-negative bacteria, including Staphylococcus aureus and
Pseudomonas aeruginosa. S. aureus is responsible for a wide range of infections,
ranging from skin and wounds colonization to severe life-threatening diseases such as
bacteremia, pneumonia or endocarditis [2]. P. aeruginosa is a frequent cause of skin and
wounds infections as well as wurinary and respiratory infections [3]. Both
microorganisms are major contributors to numerous community- and hospital-acquired
infections, thus posing a serious threat to public health worldwide. Notably, methicillin-
resistant Staphylococcus aureus and carbapenem-resistant Pseudomonas aeruginosa
strains were recognized by the WHO in the year 2024 as priority bacterial pathogens
and classified as high-risk microorganisms [4]. Additionally, cytotoxicity studies using
mammalian cell lines are planned, as an effective antimicrobial agent should combine
high antibacterial activity with low cytotoxicity towards host cells.
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Kwas galusowy jest organicznym zwigzkiem z grupy kwasow fenolowych, ktory
dzigki obecnosci trzech grup hydroksylowych oraz grupy karboksylowej peini role
donora i1 akceptora wigzan wodorowych, co czyni go dogodnym uktadem do
projektowania struktur supramolekularnych [1]. Niska rozpuszczalno$¢ oraz staba
biodostepnos¢  tego zwigzku  ograniczaja jego  praktyczne — zastosowanie
farmaceutyczne [2], dlatego poszukuje si¢ nowych form krystalicznych, takich jak
kokrysztaly, w celu poprawy tych parametrow fizykochemicznych [3]. Wybodr
odpowiednich koformerdéw, wsparty przeszukiwaniem bazy Cambridge Structural
Database (CSD) [4], pozwala na tworzenie uporzadkowanych sieci wigzan wodorowych
oraz modyfikacje wilasciwosci substancji aktywnej (API) bez zmiany jej struktury
chemicznej [5].

Celem pracy bylo otrzymanie nowych kokrysztalow kwasu galusowego oraz
analiza wplywu doboru koformera i warunkow krystalizacji na motywy oddzialywan
migdzyczasteczkowych. Kokrysztaty otrzymano metodami powolnego odparowania
rozpuszczalnika, dyfuzji par oraz mechanosyntezy [6], a nastepnie scharakteryzowano je
za pomocg rentgenowskiej analizy strukturalnej [7]. Uzyskane wyniki wskazuja na
réznice w sposobie organizacji sieci krystalicznej oraz charakterze oddziatywan
niekowalencyjnych w zalezno$ci od zastosowanej metody syntezy i1 rodzaju partnera
krystalizacji [8].
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The model ascomycete Aspergillus nidulans, as most fungi, can utilize nitrate as
a source of nitrogen for growth by converting it to ammonium which is then incorporated
into amino acids. Key components of this metabolic pathway are nitrate transporters,
nitrate reductase (niaD) and nitrite reductase (nii4). In the presence of nitrate, the pathway
is activated by the NirA protein — encoded by nird (gene no. AN0098 in A. nidulans) —
which binds to promoter elements of the pathway genes and subsequently recruits the
transcriptional machinery.

NirA is a multidomain protein consisting of a nuclear localization signal domain
(NLS), a binuclear Zn-cluster DNA-binding domain (DBD), a nuclear export signal
domain (NES), a nitrate responsive domain domain (NiRD), and an activation domain
(AD). To better understand the function of NirA and its activation mechanism, its crystal
structure was determined [1,2].

A NirA construct that included the NES, NiRD, and AD domains was expressed,
heterologously in E. coli as a 6xHIS fusion protein, purified, and crystallized. X-ray data
to 2.3 A resolution were collected using synchrotron radiation. The protein was found to
crystallize with 10 copies in the asymmetric unit. Initial phases were determined by
molecular replacement using an AlphaFold model. Analysis of the arrangement of the
NirA molecules in the crystal identified a possible functional dimer (Fig. 1). The
structural arrangement of the different NirA functional domains were also identified.

Fig. 1. NirA dimer. The I and J subunits of the NirA decamer are shown in violet and blue, respectively.
M169, a residue involved in NirA activation, is shown in yellow in ball-and-stick representation.
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W komorkach rola RNA znacznie wykracza poza przekazywanie jedynie
informacji genetycznej. Niezwykle waznym aspektem jest jego zdolno$¢ do
przyjmowania skomplikowanych konformacji przestrzennych, ktore bezposrednio
regulujag liczne procesy biologiczne. Przykladem takich struktur moga by¢
G-kwadrupleksy RNA czyli wysoce stabilne, niekanoniczne struktury drugorzedowe,
ktore formujg si¢ w regionach mRNA bogatych w reszty guanozyny [1]. W przypadku
zespolu ataksji mozdzkowej, neuropatii oraz arefleksji uktadu przedsionkowego
(CANVAS) 1 pokrewnych chorob neurodegeneracyjnych gltéwnym podlozem
genetycznym jest patologiczna ekspansja motywoéw pentanukleotydowych (AAGGG)
zlokalizowanych w drugim intronie genu RFC1, ktére moga tworzy¢ stabilne struktury
G-kwadrupleksow [2,3]. Wyznaczenie struktur trojwymiarowych powyzszych
kwadrupleksow jest niezwykle istotne dla projektowania nowych strategii
terapeutycznych [2].

Celem niniejszych badan jest wyznaczenie struktury krystalicznej RNA
powtorzen A>Gs oraz ich ewaluacja biofizyczna przy pomocy m.in. rozdziatu czasteczek
w zelu poliakrylamidowym w warunkach niedenaturujacych (PAGE) czy dichroizmu
kotowego.

Pierwszym etapem badan bylo zaprojektowanie 1 syntetyzowanie szeregu
konstruktow RNA zawierajacych powtorzenia AAGG. Nastepnie przeprowadzono
przesiewowa krystalizacje metoda siedzacej kropli z dyfuzja par, aby zidentyfikowac
warunki niezbedne do otrzymania odpowiednich krysztatow do pomiarow
dyfrakcyjnych. Po zidentyfikowaniu wstepnych warunkow krystalizacyjnych,
przeprowadzono optymalizacj¢ krystalizacji 1 otrzymano krysztaty, ktore zostang uzyte
do pomiarow synchrotronowych. Przeprowadzono réwniez rozdziat elektroforetyczny
czasteczcek RNA w warunkach natywnych (PAGE), aby zbada¢ wplyw
jednowartosciowych kationéw Na™ i K" oraz dwuwarto$ciowych kationéw Ca’" na
homogenno$¢ strukturalng oraz zdolno$¢ czasteczek do utworzenia struktur
G-kwadrupleksow.
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RNA plays a crucial role in many physiological cellular processes, including
transcription, translation, and the regulation of gene expression. The functional diversity of RNA
arises from its ability to adopt complex secondary and tertiary structures, as well as from the
presence of numerous post-transcriptional nucleotide modifications [1]. The best-known
modifications include pseudouridine () — the most abundant isomeric form of uridine found in
RNA - and its derivative N1-methylpseudouridine (m"¥), which increase the ability of RNA to
form hydrogen bonds and stabilize the helical structure [2-4]. These modifications have been
shown to influence RNA folding, base-stacking interactions, and translation efficiency [5].
Furthermore, the successful use of m'¥Y in mRNA vaccines against SARS-CoV-2 highlights its
biotechnological and therapeutic significance.

Thermodynamic and structural studies described in the literature indicate that the
stabilizing effect of ¥ strongly depends on the sequence context, varying according to the type of
base pair formed (Y-A, Y-G, Y-U, ¥Y-C), its position within the double-stranded molecule, and
the nature of neighboring Watson—Crick base pairs. Crystallographic analyses have shown that
although the overall A-form helix is preserved, ¥ can subtly modulate the local geometry,
providing additional stabilization compared with uridine [6].

The aim of this study was to evaluate the effect of pseudouridine (¥) and NI-
methylpseudouridine (m'¥) on the thermodynamic stability and structure of short model RNA
molecules. In this work, RNA oligonucleotides containing ¥, m'¥ modifications, and their
unmodified counterparts, which served as reference sequences, were synthesized and purified.
The thermodynamic stability of the studied oligomers was assessed based on the thermal
denaturation of RNA duplexes monitored by UV spectroscopy. Thermodynamic parameters (AH,
AS, and AG) were determined from the obtained melting curves using the MeltWin 3.5 software.
The obtained results demonstrated that the presence of ¥ and m'¥ significantly increases the
thermodynamic stability of RNA, which was reflected by lower free energy (AG) values and
higher melting temperatures (Tm) compared with their native counterparts. The stabilizing effect
was clearly sequence-context dependent, confirming the key role of the local base environment
in shaping RNA stability. Additionally, RNA crystallization screening was performed, enabling
the evaluation of the crystallization potential of the studied sequences. The presence of the
modifications had a beneficial effect on the crystallization process — the obtained crystals were
characterized by appropriate size, regular shape, and high transparency, which enabled their use
in diffraction measurements and further structural analyses.

Since crystallography remains one of the most powerful techniques for RNA structure
analysis at atomic resolution, our study aimed to provide both thermodynamic parameters and
structural information regarding the influence of nucleotide modifications on RNA stability.
In the case of model RNA oligonucleotides, the analysis of these modifications allows for a better
understanding of the mechanisms of intramolecular interactions and the relationship between
structure and stability. The obtained results may also constitute valuable reference data supporting
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the development of bioinformatic methods, particularly in the field of RNA structure modeling,
as well as serve as a starting point for the design of more stable and functional RNA molecules
with therapeutic potential.
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The snakehead fish (Channa striata) is a freshwater species widely distributed
throughout South and Southeast Asia. It has long been recognized for its therapeutic
benefits, particularly in accelerating post-surgical recovery and aiding postpartum health,
primarily due to its high protein content. The protein fraction most commonly utilized
from this species is the sarcoplasmic fraction. Recent studies have highlighted the
multifaceted therapeutic potential of snakehead fish muscle proteins, including
antibacterial, antioxidant and anti-inflammatory [1].

Previous findings suggest that the striatin fraction of snakehead fish specifically
contributes to accelerated wound healing [2]. This fraction contains parvalbumin,
a protein with a molecular weight of approximately 12 kDa. The active site of
parvalbumin (comprising Asp18, Asp20, Ser22, Phe24, Glu26, and Glu29) is known to
interact with TGF-B and NF-«B, key regulators in the inflammatory pathway [3]. Despite
its significance, structural data on fish parvalbumin remains limited and for snakehead
fish, such data is currently non-existent.

This study focuses on the isolation and crystallization of parvalbumin from
snakehead fish muscle. Isolation was achieved through gel filtration chromatography,
while LC-MS analysis confirmed a homogeneous mass deconvolution profile with
a prominent peak at 12,061 Da. Protein crystals were successfully obtained. These
crystals are prepared for synchrotron X-ray diffraction to facilitate structure
determination via molecular replacement and refinement. The results of this study are
expected to make a significant contribution to the global structural database by providing
an atomic model of snakehead fish parvalbumin, as well as serving as a basis for the
development of its therapeutic potential.
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Chityna jest drugim najliczniej wystepujagcym biopolimerem po celulozie, moze
stanowi¢ bogate zrodlo energii i makroelementow [1], w tym azotu — w przeciwienstwie
do celulozy, ktéra go nie zawiera, chityna jest nierozpuszczalna w wodzie i wysoce
odporna na degradacj¢. Do jej pelnego wykorzystanie wymagany jest zestaw
wyspecjalizowanych enzyméw. Archeony i bakterie, a w mniejszym stopniu grzyby, to
gléwne organizmy metabolizujace chityne. Degradacja chityny u hipertermofilnych
archeonoéw zachodzi z udzialem specyficznego szlaku enzymatycznego [2], w ktorym
uczestnicza deacetylaza N,N'-diacetylochitobiozy (Dac) oraz egzo-B-D-glukozaminidaza
(GImA). W pracy przedstawiono charakterystyke strukturalng i funkcjonalng
egzo-B-D-glukozaminidaza pochodzacej od hipertermofilnego archeonu Pyrococcus
chitonophagus (Pch-GImA).

Strukture krystaliczng Pch-GImA wyznaczono z rozdzielczoscig 2,1 A (PDB:
80UG) [3]. Enzym tworzy dimer z centralnie potozonag kieszeniag wigzaca substrat.
Analiza strukturalna oraz dokowanie substratu wskazuja na zachowujacy mechanizm
katalityczny z udziatem reszt Glul78 1 Glu346 oraz specyficzne rozpoznawanie
GlcN-GleNAc.

GlcN-GlcNAc ]

LS e
": i»

Rys. 1. Powierzchniowa reprezentacja dimeru Pch-GlmA z widoczng centralng kieszenig wiazaca
substrat. Podjednostki zaznaczono kolorami niebieskim i fioletowym, w kieszeni przedstawiona
schematycznie wmodelowana czasteczka substratu GlcN-GIcNAc.

Badania DSC 1 nanoDSF wykazaty wysoka stabilno$¢ termiczng enzymu oraz
obecno$¢ przejs¢ konformacyjnych zaleznych od temperatury. Pomiary aktywnos$ci
enzymatycznej wykonane metodami ITC 1 NMR wykazaty brak aktywnos$ci ponizej
75°C, natomiast w temperaturze 90°C zaobserwowano selektywna hydrolize
GleN-GleNAc.
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Uzyskane wyniki potwierdzaja proponowany mechanizm degradacji chityny
u hipertermofilnych archeondéw oraz dostarczajg nowych danych dotyczacych enzymow
aktywnych w ekstremalnych warunkach temperaturowych [4].

Badania byly wspotfinansowane przez Narodowe Centrum Nauki (UMO-
2017/27/B/NZ1/02201).
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SYNTHESIS, STRUCTURAL AND SPECTROSCOPIC
CHARACTERIZATION OF ALKALI METAL, ALKALINE
EARTH, OR TRANSITION METAL MELOXICAM COMPLEXES
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Smoluchowskiego 23, 50-370 Wroctaw, Poland

*e-mail: marta.brzezinska@pwr.edu.pl

Meloxicam (H2Mel = 4-Hydroxy-2-methyl-N-(5-methyl-2-thiazolyl)-2H-1,2-
benzothiazine-3-carboxamide-1,1-dioxide) is a non-steroidal anti-inflammatory drug
(NSAID) of the oxicam class, characterized by high selectivity toward cyclooxygenase-
2 (COX-2) inhibition used in the treatment of inflammatory joint diseases [1].

In this work, we report the synthesis and comprehensive structural
characterization of meloxicam complexes with alkali (Li*, Na*, K*), alkaline-earth (Mg*",
Ca?"), and transition metal (Zn") ions.

All reactions proceeded via selective deprotonation of the hydroxyl group of
H>Mel, affording the monoanionic HMel™ ligand. Reactions of metallic lithium, sodium,
and potassium with meloxicam in THF yielded the corresponding complexes:
[Li(HMel)(H20)3]-0.68H.0 (1), [Na(HMel)(p-H20)(THF)]a (2a),
[Na(HMel)(H2O)(THF)]" (2b), and [K(HMel)(H20)]n (3). Treatment of H>Mel with
Mg'Bu; and ZnEt, afforded two complexes [Mg(HMel)(EtOH),] (4) and
[Zn(HMel)>(THF):] (6), while direct reaction with metallic calcium in methanol produced
the [Ca(HMel)2(H20)2]x (5), as shown in Fig. 1.

The molecular and crystal structures of complexes 1-6 were determined by single-
crystal X-ray diffraction, revealing diverse coordination modes and structural features of
meloxicam, including different coordination geometries and donor interactions involving
the O(carbonyl), Otenolate), Nithiazolyl), and S¢so,) atoms:

- the first example of monodentate coordination of HMel™ via the carbonyl oxygen
atom in complex 1,

- in the sodium complexes 2a and 2b, different coordination polymers are formed —
2D and 1D networks, respectively — differing in the presence of a bridging H2O
molecule and the number of coordinated THF ligands,

- a unique potassium coordination environment involving bridging thiazole sulfur
atoms and H>0 molecules in complex 3,

- the first structurally characterized Mg?" (4) and Ca*" (5) meloxicam complexes,

- in the complex 6, the Zny+ ion is coordinated by the carbonyl oxygen atom and
thiazolyl nitrogen atom, while two THF molecules occupy the axial positions.
Spectroscopic characterization by FTIR-ATR and Raman spectroscopy together

with the 'H and >C NMR studies supported by 'H-'H COSY and 'H-'*C HSQC
experiments, enabled identification of the functional groups of the HMel™ anions
coordinated to M* or M?" ions in complexes 1-6. These results confirmed the coordination
modes identified crystallographically.
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<,§_§ /— < }\. [ Monomeric complexes ]

Fig. 1. Molecular structures of [Li(HMel)(H,0)s]-0.68H,0 (1), [Na(HMel)(u-H0)(THF)]. (2a),
[Na(HMel)(H,0)(THF)], (2b), [K(HMel)(H20)]x (3), [Mg(HMel)2(EtOH),] (4), [Ca(HMel)2(H20)1]a (5),
and [Zn(HMel),(THF),] (6).
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POLYMER MATRIX EFFECT ON FLUORESCENCE
IN ELECTROSPUN FIBRES CONTAINING
4-CYANOPHENYLHYDRAZONE DYES
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Dorota Zielinska'!, Anna Bednarowicz!, Nina Tarzynska!, Karolina Gzyra-Jagiela!,
Longina Madej-Kielbik!, Agata Trzesowska-Kruszynska?

I Lukasiewicz Research Network — Eédzki Institute of Technology, Marii Sktodowskiej-
Curie 19/27, 90-570 £odz, Poland
2 Lodz University of Technology, Institute of General and Ecological Chemistry,
Zeromskiego 116, 90-924 £odz, Poland

Designing organic emitters that retain intense fluorescence in the solid state
requires control not only over molecular structure, but also over the way molecules are
immobilized and spatially organized in a host environment. Electrospun polymer fibres
are a convenient platform for such studies because they restrict dye mobility, separate
chromophores and generate micro- and nanostructured morphologies suitable for
functional materials [1,2].

Two phenylhydrazone-based fluorophores, namely (E)-4-(2-(4-(dimethylamino)-
benzylidene)hydrazinyl)benzonitrile and 4-((1E,2E)-3-phenylallylidene)hydrazinyl)-
benzonitrile, were introduced into polymer solutions based on poly(N-vinylpyrrolidone)
and polystyrene. The materials were obtained by electrospinning, allowing the formation
of fluorescent fibrous mats with different morphology, optical response and stability
depending on the applied polymer matrix.

The obtained results showed that the polymer matrix plays a crucial role in
controlling the behaviour of the incorporated dyes. Morphological analysis revealed clear
differences between PVP- and PS-based fibres, while spectrofluorometric measurements
confirmed that immobilisation of the fluorophores in polymer fibres modifies their
emission properties compared with the pure compounds. In particular, changes in
emission maxima and fluorescence intensity indicate that the local dye environment and
dye—polymer interactions significantly affect the excited-state behaviour of the studied
hydrazones.

Stability studies further demonstrated that the choice of polymer matrix
determines the resistance of the materials to external factors, including aqueous
conditions and elevated temperature. PS-based fibres provided improved resistance to dye
leaching, whereas PVP-based systems showed very good thermal stability of fluorescence
in the investigated temperature range.

These findings demonstrate that electrospun polymer fibres can serve not only as
carriers for fluorescent organic dyes, but also as active matrices capable of modulating
their optical properties and stability. The presented study highlights the importance of
combining molecular design of solid-state fluorophores with appropriate material
processing strategies for the development of functional fluorescent fibrous materials.
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INTERMOLECULAR INTERACTIONS AS MODULATORS
OF OPTICAL PROPERTIES IN N-HETEROAROMATIC
MODEL SYSTEMS

Tomasz Sieranski, Paulina-Sobczak-Tylu$, Marcin Swiatkowski,
Agata Trzesowska-Kruszynska, Igor Mossur

Institute of General and Ecological Chemistry, Lodz University of Technology,
Zeromski 114, 90-943 £od?

Intermolecular interactions play an essential role in shaping the optical
properties of molecular materials, particularly in systems based on aromatic and
heteroaromatic building blocks. In such compounds, the electronic response
is not governed solely by the structure of an isolated molecule, but also by the mutual
arrangement of neighboring molecules in the solid state. In this work, selected
N-heteroaromatic model systems, including triazole isomers as well as quinoline and
isoquinoline, were investigated in order to determine how aromatic stacking interactions
influence their electronic structure and optical response.

The study focused on the relationship between intermolecular arrangement,
orbital interactions and optical response. Natural Bond Orbital [1] analysis was applied
to 1identify the donor—acceptor interactions responsible for the stabilization
of the analyzed dimers, including 1 — n*, o(C-H) — ry(H), and o(C-H) — o(C-H)
contributions, where * denotes an antibonding orbital and ry denotes a Rydberg orbital.
These interactions were found to depend strongly on the topology of the heteroaromatic
ring and on the position of nitrogen atoms within the molecular framework. In the case
of quinoline and isoquinoline, extension of the m-electron system additionally modified
the stacking landscape and affected the character of the electronic transitions.

The calculated optical spectra revealed that changes in intermolecular
arrangement may lead to noticeable modifications of the optical response, including
shifts of the spectral bands and changes in transition intensities. These effects can be
associated with differences in orbital overlap, donor—acceptor interactions and the
degree of electronic communication between stacked molecules. The results obtained
from the Cambridge Structural Database [2] survey further confirmed that the
investigated interaction motifs are relevant to real crystal structures containing N-
heteroaromatic fragments.

Overall, this study shows that intermolecular interactions in N-heteroaromatic
systems should be considered not only as structural and stabilizing factors, but also as
important modulators of photophysical properties. The presented results provide insight
into the relationship between molecular arrangement, orbital interactions and optical
behavior, which may be useful for the rational design of functional organic materials
with tunable absorption and emission properties.
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SOLVENT-BASED SCREENING FOR TYROSINE KINASE
INHIBITOR COCRYSTALS
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Department of Drug Form Technology, Wroclaw Medical University, Borowska 211a,
50-556 Wroclaw

Cocrystallization of active pharmaceutical ingredients (APIs) has emerged as
a rapidly advancing research area with both fundamental and translational significance.
By selecting suitable coformers, cocrystallization enables the modulation of critical API
properties, including solubility, bioavailability, and stability. Despite this, the
mechanistic understanding of cocrystal formation remains limited. Most fundamental
studies to date have focused on small model compounds (100—400 Da), whereas
contemporary APIs increasingly exhibit larger molecular sizes and higher structural
complexity, often coupled with reduced solubility [1]. While case studies exist for
compounds exceeding 400 Da, systematic investigations addressing the general
principles of cocrystallization for such molecules are still lacking.

The aim of the project was to conduct preliminary investigations focused on the
discovery of new cocrystals of active pharmaceutical ingredients belonging to the class
of tyrosine kinase inhibitors (TKIs), with particular emphasis on evaluating the
influence of solvent properties on the course of the cocrystallization process. Over the
past two decades, TKIs—of which the U.S. Food and Drug Administration (FDA) had
approved more than 50 molecules, with approximately 60 additional candidates
undergoing clinical trials—had revolutionized the pharmacotherapy of oncological and
hematological diseases. However, these drugs were frequently characterized by low
aqueous solubility and poor bioavailability, leading to substantial interindividual
variability in plasma concentrations and, consequently, in pharmacological response and
adverse effects. The average molecular weight of TKIs typically exceeded 500 Da and
continued to increase, which rendered them particularly suitable candidates for the
conducted cocrystal screening studies. The research was carried out using a model TKI,
nilotinib (529.5 Da, 2 hydrogen bond donors, 9 hydrogen bond acceptors, 5 aromatic
rings, and 6 rotatable bonds), as a representative compound for detailed investigation.

Out of 35 coformers with diverse structures and properties, cocrystals or
cocrystal solvates were obtained with 26 acids using slurry crystallization,
demonstrating the method’s effectiveness as a high-throughput screening approach.
Coformers yielding cocrystals were grouped as aliphatic acids, benzoic acid derivatives,
and cinnamic acid derivatives. In the aliphatic group, 8 out of 10 acids formed
cocrystals, with success generally associated with the presence of two carboxyl groups,
whereas single-carboxyl or very short-chain acids failed. All tested benzoic acid
derivatives produced cocrystals, while structurally similar compounds such as
nicotinamide, isonicotinamide, and benzamide did not, indicating that at least one
carboxyl group is essential for supramolecular synthon formation and crystal lattice
stabilization. Among cinnamic acid derivatives, cocrystals were obtained with 3 of 4
coformers, suggesting that a hydroxyl group on the aromatic ring in addition to the
carboxyl group is necessary for lattice stabilization.

67 Konwersatorium Krystalograficzne, Warsztaty
162 i Sesja Sekcji Mlodych Krystalograféw PTKryst, Wroctaw 24-26 VI 2026



B-9

Experimental parameters—including crystallization time, molar ratio, and
solvent properties—significantly influenced outcomes. Extended crystallization times
and higher NIL:coformer ratios (up to 1:2) often favored homogeneous phase
formation. Solvent polarity and coformer solubility affected nucleation and promoted
the formation of polymorphs or structures with different NIL:coformer stoichiometries.
Ethanol and chloroform produced distinct crystalline outcomes, with some cocrystals
forming in both solvents and others only in one, highlighting the role of solvent choice
in directing crystallization outcomes.

Using the computational MCHBP [2] and MEP [3,4] methods, the cocrystal-
forming potential of more than 100 different coformers was evaluated. The obtained
results indicate a lack of correlation between these two approaches. For MCHBP, most
experimentally tested coformers exhibited a positive potential for forming hydrogen
bonds. This observation is consistent with the results obtained for carboxylic acids;
however, the analysis did not exclude coformers for which no new cocrystals were
obtained experimentally.

In the case of MEP, the calculated probabilities of cocrystal formation displayed
a high degree of variability, with many values falling below 50%, including for some
carboxylic acids. Nevertheless, in comparison with MCHBP, the MEP results suggest
that this method provides better discrimination between coformers. Here, most
coformers that did not form cocrystals under experimental conditions also exhibited low
calculated probabilities of cocrystal formation.

Conclusions: Slurry crystallization is an effective method for identifying new
cocrystals. In the screening studies, NIL cocrystals were obtained with 26 out of the 35
tested coformers. These coformers can be classified into three groups: aliphatic acids,
benzoic acid derivatives, and cinnamic acid derivatives. The ability of coformers to
form cocrystals with NIL depends on their molecular structure, particularly on the
presence of a carboxyl group, which likely facilitates the formation of supramolecular
synthons that stabilize the crystal lattice.

The cocrystallization process is influenced by several factors, including the
stoichiometric ratio of the reagents, crystallization time, and the choice of solvent. By
adjusting these parameters, it is possible to obtain cocrystals of high purity, as well as to
access different polymorphic forms or structures with varying stoichiometries of the
cocrystal components.

Funding: This work was carried out as part of the research project MINIATURA
9 No. 2025/09/X/ST4/00228 (MINIL.D190.25.003), funded by the National Science
Centre (Poland).
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Pentacene, built of five linearly fused benzene rings, exhibits high intrinsic hole

mobility, favorable band dispersion, and relatively small reorganization energies [1] —
features important in organic electronics. However, the use of unsubstituted pentacene in
such devices poses many difficulties due to its poor solubility in organic solvents and
a herringbone crystal packing motif that limits cofacial n—r overlap [2].
Installation of TIPS-ethynyl substituents at the 6,13-positions increases solubility by
orders of magnitude, sterically shields the acene core, and biases crystallization toward
a slipped cofacial “brickwork™ motif [3]. Consequently, TIPS-Pc enables reproducible,
solution processed organic field-effect transistors (OFETs) with high on/off ratios and
high charge-carrier mobilities and serves as a benchmark material for correlating
molecular design, packing, and charge/exciton dynamics.

In this communicate, we report that TIPS-Pc is susceptible to strong Brensted
acids such as trifluoroacetic acid (TFA). We show that TFA triggers dimerization of
TIPS-Pc to give dimer 1. In the course of our studies, we observed that a CH2CI2 solution
of TIPS-Pc undergoes a distinct color change from deep blue to brown upon addition of
TFA, similar to changes reported for electrochemical oxidation of TIPS-Pc (Scheme 1)

[4].

O TIPS-pentacene dimerization induced with Bransted acid TIPS
O [4+2] Cycloaddition |

|
@ 0
QQ I
Y TIPS

Scheme 1. Reaction Scheme of TIPS-Pc [4 + 2] Dimerization via TFA-Induced Reactions.

TIPS

Neutralization with triethylamine restored the blue color, suggesting a reversible
process at first glance. However, thin layer chromatography (TLC) analysis revealed that
the regenerated blue species was no longer TIPS-Pc but a different compound.
Subsequent nuclear magnetic resonance (NMR) characterization revealed that this new
species exhibited spectra identical to those of dimer 1, indicating that TFA treatment
triggers an irreversible dimerization, despite the apparent visual reversibility of the color
change, similar to the electrochemical dimerization reported by Speiser and coworkers

13].
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Although both NMR and mass spectroscopy (MS) data supported the assignment
of dimer 1, its structure was unambiguously confirmed by single-crystal X-ray diffraction
(Figure 1).

Dimer 1 t-Bu2Ph-Pc

Fig. 1. A) Thermal ellipsoid plot for the single crystal structure B) Unit cell

In dimer 1 structure, the distance between the stacked anthracene planes is
approximately 3.45 A, indicating strong n—m interactions. The unreacted pentacene units
are largely surrounded by TIPS groups and engage mainly in C—H---n contacts. While
t-Bu2Ph-Pc crystallizes in two distinct domains in which the pentacene cores are tilted by
approximately 47° relative to one another. Within each domain, the pentacene backbones
adopt a slipped-stack arrangement.
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Kwas cynamonowy i jego pochodne ulegaja reakcji fotodimeryzacji zachodzace;j
w stanie stalym. Badania te zapoczatkowane ponad po6t wieku temu nadal sg
kontynuowane. Skupiaja si¢ one przede wszystkim na poszukiwaniu korelacji pomi¢dzy
sposobem upakowania czasteczek w krysztale, a ich fotoreaktywnoscig. Jednym
z warunkoéw formutujacym mozliwos¢ zajscia tej reakcji jest odleglos¢ miedzy srodkami
grup reaktywnych, ktora powinna byé okoto 4 A oraz ich réwnolegte utozenie wzgledem
siebie [1,2].

MeO COOH

N

MeO

OMe

OH

H,N
NH,
o /\/N\L @/\/

NH,
OH

Rys. 1. Wzory strukturalne: kwasu 3,4,5-trimetoksycynamonowy oraz amin uzytych do otrzymania
badanych krysztatow.

Struktura molekularna i krystaliczna kwasu 3,4,5-trimetoksycynamonowy i jego
trzech soli: z trietanoloaming [3], etylenodiaming [4] oraz fenyloetyloaming (Rys. 1)
zostala wyznaczona metoda dyfrakcji promieniowania rentgenowskiego w temperaturze
100 K. Analiza sieci wigzan wodorowych oraz struktura przestrzenna badanych
krysztalow bedzie stanowic tre$¢ zgltoszonego komunikatu plakatowego.
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Turbine engines in the aerospace industry are among the most complex
machines. Engine components, such as turbine blades, operate at extremely high
temperatures to meet increasingly stringent efficiency and economy standards.
To prevent overheating, the blades are internally cooled by air that circulates through
complex internal channels or bores. However, the complex shape and arrangement of
these channels or bores cause various defects that form during directional
crystallization, including chemical and orientation inhomogeneities. Today, turbine
blades are most often produced of cobalt- or nickel-based superalloys. Superalloys are
characterized by high mechanical strength, phase stability, resistance to oxidation,
corrosion, and creep at high temperatures. The conditions for these properties are a low
defect concentration and homogeneity of the dendritic microstructure, chemical
composition, and crystal orientation.

The study aimed to measure the distribution of chemical elements and to analyze
the dendritic structure and crystal orientation in the cooling bores area of selected blade
fragments, in sections perpendicular and parallel to the withdrawal direction.

The analyzed single-crystalline cored turbine blades made of CMSX-4®
superalloy were produced by directional crystallization using the Bridgman technique.
The withdrawal rate was 3 mm/min. The assumed, preferred [001] crystal orientation
was parallel to the blade withdrawal direction and the main vertical blade axis along
which the primary dendrite arms have grown.

Chemical microanalysis was performed by scanning electron microscopy with
energy-dispersive spectroscopy (SEM-EDS). The percentage atomic content of the
chemical elements was analyzed in the areas near the cooling bores on several
transverse and longitudinal sections of the blades. The quantitative distribution of
chemical elements on section surfaces near the cooling bores was determined. The
dendritic structure was observed by SEM imaging. The Laue diffraction was performed
at selected points to analyze local crystal misorientation. The possible relations among
changes in the morphology of the dendrite set, chemical composition, and crystal
orientation in the cooling bore area were analyzed.

The presence of cooling bores in single-crystalline turbine blades causes local
changes in the percentages of selected alloying elements, such as Ni, Al, Co, W, and Ta,
near these bores. Changes in the percentages of other elements are negligible.
The nature of chemical composition changes varies depending on the blade fragment
and the distance from the blade selector extension (SE), initiating crystallization.
The misorientation angle between the [001] crystal direction and the blade axis
increased with increasing distance from the SE and cooling bores.
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Pawel Grzymski-Ostrega', Anna Makal', Jakub Wojciechowski?

I Uniwersytet Warszawski, Wydziat Chemii, ul. Pasteura 1
02-093 Warszawa, Polska
? Rigaku Europe SE, 167 Hugenottenallee, 63263 Neu-Isenburg, Niemcy

Rys. 1. Kowadetko TozerDAC.

Materialy molekularne o przetaczalnych wiasciwosciach fizykochemicznych
s3 wysoce pozadane ze wzgledu na szeroki zakres potencjalnych zastosowan.
Kontrolowane przelaczanie witasciwosci mozna osiggnag¢ poprzez indukowanie
przemian fazowych monokrysztatu do monokrysztatu (SCSC) poprzez dzialanie
zmienng temperatur¢ badZz podwyzszonym cisnieniem [1]. ROwnoczesne zastosowanie
obu bodZzcow fizycznych stwarza mozliwo$¢ badania faz krystalicznych w bardziej
roznorodnych warunkach, obserwacji mechanizméw wigkszej liczby przemian
fazowych jak réwniez potencjalnie zahamowania przemian niepozadanych.
Eksperymenty przy réwnoczesnych zmianach p oraz T stanowig wyzwanie nawet
w warunkach dedykowanych stacji synchrotronowych, a tym bardziej w warunkach
laboratoryjnych.

W ramach prezentowanej pracy badano modelowy kompleks ztota(I) o nazwie
roboczej ArPet ((4-metoksyfenyloetynylo)(trietylofosfino)ztoto(I)) [2]. Zwigzek ten
wykazuje liczne przemiany fazowe SCSC indukowane zaro6wno cisnieniem jak
1 temperaturg. Celem pracy bylo zbadanie w warunkach laboratoryjnych (in-house) jak
rébwnoczesna zmiana obu parametrow termodynamicznych wplywa na strukture
zwigzku.  Wykorzystano  miniaturowe diamentowe kowadetko  ci$nieniowe
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ze specjalnego brazu (TozerDAC) i opracowano protokol przeprowadzania takich
badan.

Ze wzgledu na konieczno$¢ szybkiego prowadzenia pomiardw (gromadzenie si¢
szronu) wstepng seri¢ pomiaréw strukturalnych przeprowadzono w laboratorium
demonstracyjnym Rigaku w z uzyciem rotujacej anody molibdenowej oraz srebrowe;.

W toku projektu sprawdzono efektywnos$¢ obnizania temperatury w wyzej
wymienionym kowadetku TozerDAC, przy uzyciu nawiewowe] przystawki
temperaturowej, osiggajac temperatury w kowadetku blisko 150 K. Otrzymano ci$nienia
do prawie 2 GPa, korzystajac z wysoko lotnego medium ci$nieniowego — mieszaniny
n-pentan/izopentan w proporcjach, w ktorych zachowuje dobre wlasciwosci pseudo-
hydrostatyczne w badanych warunkach [3].
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TUNING THE ELECTRONIC BEHAVIOR OF
P-PHENYLENEDIAMINE CHARGE-TRANSFER COMPLEXES
VIA HIGH-PRESSURE

Shiva Batmanghelich, Szymon Sobczak, Andrzej Katrusiak

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

Organic charge-transfer (CT) complexes are highly sensitive systems with
electronic behavior fundamentally governed by the balance between molecular ionization
potentials, electron affinities, and intermolecular overlap [1]. Applying extreme
hydrostatic pressure is a powerful experimental method to modulate intermolecular
distances, thereby altering the electronic coupling between donor and acceptor molecules
without changing their chemical composition.

Historically, pressure-induced electronic phenomena, such as resistance drops and
neutral-to-ionic phase transitions, have been well-documented in solid-state derivatives
of p-phenylenediamine (PPDA) and halogenated quinones [2,3]. This study aims to
isolate specific electronic and steric substituent effects in three closely related CT
complexes under extreme compression. We focus on the electronic behavior of the
electron donor PPDA, co-crystallized with three structurally distinct electron acceptors:
para-benzoquinone (pBq), chlorobenzoquinone (Cl-pBq), and methylbenzoquinone (Me-
pBq) (Figure 1). The solid-state complexes are subjected to hydrostatic pressures using
a diamond anvil cell (DAC). In-situ UV-Vis absorption spectroscopy is utilized to probe
the electronic transitions and monitor the structural evolution as a function of pressure.

e-Donor

Figure 1. PPDA, co-crystallized with three electron acceptors: para-benzoquinone (pBq),
chlorobenzoquinone (Cl-pBq), and methylbenzoquinone (Me-pBq).
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STRUCTURAL CHARACTERIZATION OF SINGLE-GRAIN
FLUX-GROWN AL-CU-FE QUASICRYSTALS
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Quasicrystals are a class of ordered solids that lack translational periodicity
while exhibiting long-range orientational order and crystallographically forbidden
symmetries, such as five-fold rotational symmetry [1,2]. Among these, face-centered
icosahedral (F-type) quasicrystals, prevalent in Al-based alloys, feature hierarchical
atomic arrangements built from distinct cluster types that vary with chemical
composition [3]. Recent structural models reveal the coexistence of pseudo-Mackay and
mini-Bergman clusters in F-type quasicrystals like Al-Pd-Cr-Fe, where 15 local
configurations for pseudo-Mackay and 19 for mini-Bergman clusters emerge due to
phason flips and linkage variations [4]. In Zn-Mg-Y systems, F-type phases follow
t-scaling in Bergman cluster arrangements, differing from the t3-scaling in primitive
(P-type) counterparts, with atomic density waves predicting reduced cluster overlap in
F-type structures [5]. Alloy composition further drives cluster diversity, as evidenced in
Ti-Zr-Ni icosahedral quasicrystals closely related to Laves phases with prominent
tetrahedral sites [6].

In the current study, single grains of F-type Al-Cu-Fe quasicrystals were
synthesized by means of the Al-flux growth method using the Canfield assembly [7,8].
Single-grain X-ray diffraction data were processed and integrated using the CrysAlis
software package. The phase retrieval of the electron density from diffraction intensities
was performed using the charge-flipping algorithm implemented in Superflip [9]. The
real-space electron density reconstruction and subsequent analysis were carried out with
dedicated MATLAB routines following the methodology of Buganski et al. [10]. The
resulting electron density maps reveal that the investigated F-type Al-Cu-Fe
quasicrystal 1s composed of two principal structural motifs: Mackay and
pseudo-Bergman clusters, each with a characteristic diameter of approximately 36 A.
Atomic configurations were further determined using a custom Python-based approach,
in which the reconstructed electron density was converted into a point-cloud
representation and local maxima were identified via density-based clustering
(DBSCAN) [11]. The centroids of these clusters were assigned as atomic positions, and
local coordination environments were evaluated through efficient nearest-neighbor
searches. Concentric atomic shells corresponding to Mackay and Bergman-type clusters
were subsequently identified based on radial distance criteria, enabling statistical
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characterization of atomic distributions and interatomic distances. Electron backscatter
diffraction confirmed the presence of characteristic 2-, 3-, and 5-fold symmetry axes
typical of icosahedral quasicrystals. Additional support for the quasiperiodic structure
was provided by Mossbauer spectroscopy, which yielded hyperfine interaction
parameters consistent with previously reported values for Al-Cu—Fe quasicrystals,
indicating similar local electronic environments of Fe atoms [12].
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PHYSICOCHEMICAL ANALYSIS OF TABLETS PRINTED USING
THE SELECTIVE LASER SINTERING TECHNIQUE
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Selective laser sintering (SLS) is an additive manufacturing technology that is
gaining increasing prominence in the pharmaceutical industry, with applications in the
production of personalized drug forms. This approach makes it possible to obtain
specific doses, shapes, and controlled release of the active ingredient [1].

The presented research examines the potential for multiple reuses of powders
intended for 3D printing tablets using the SLS method. Formulations based on polyamide
12 (PA12) and metronidazole (Met) in both standard and granular forms with the addition
of 5% PVP, were used as the research material. Metronidazole is an active substance
with antibacterial and antiprotozoal properties, effective against anaerobic bacteria.
The main goal of the study was to determine how successive printing cycles and powder
reuse affect its physicochemical properties, structure, and process parameters, taking
into account the reduction of waste generated during 3D printing [2,3], as well as which
form of metronidazole would be most beneficial for the obtained results.

Material characterization was conducted using X-ray powder diffraction
(XRPD), infrared spectroscopy (FT-IR), and differential scanning calorimetry (DSC).
Both the starting material and the powders recovered after subsequent printing cycles —
from the first to the fifth — were analyzed for both formulation variants containing
metronidazole.

The results obtained so far indicate that repeated use of powders in the SLS
process may be possible without significant deterioration of the material's process
parameters. Differences were also visually observed in the surface morphology of prints
containing standard and granulated metronidazole — formulations with granulated
metronidazole were characterized by a less smooth surface. Additionally, an increased
rate of active ingredient release was noted for formulations containing granulated
metronidazole. These results suggest that granulation of the active ingredient may affect
both the surface properties of the prints and the drug release profile. Further
physicochemical studies are being conducted to fully assess the effect of granulation on
the structure and stability of the materials.
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BADANIA METODAMI PXRD, SEM-EDS & ICP-OES SKLADU
LUPKOW POKOPALNIANYCH Z OKOLIC KROBICY ORAZ
GIERCZYNA NA POGORZU IZERSKIM

Andrzej Zarczynski, Anna Bajerowska, Waldemar Maniukiewicz,
Jakub Kubicki, Aleksandra Zimon, Ewa Bajerowska, Wojciech M. Wolf,
Malgorzata 1. Szynkowska-Jozwik

Politechnika t.odzka, Wydziat Chemiczny, Instytut Chemii Ogolnej i Ekologicznej,
ul. Zeromskiego 116, 90-543 L6dz

Region Sudetéw Zachodnich, a w szczegolnosci obszar Gor Izerskich i terendw
przylegajacych, stanowi jeden z najbardziej unikalnych pod wzgledem historycznym
oraz geologicznym rejonow w Polsce. Uksztattowanie tego terenu jest $cisle zwigzane
z formowaniem si¢ tzw. metamorfiku izerskiego. Szczego6lne miejsce w eksploatacji
surowcOoOw mineralnych zajmuje zloze tupkowe wystepujace w rejonie miejscowosci
Krobica i Gierczyn. Dzi$§ ten teren wylaczony z aktywnej eksploatacji przemystowe;j
stanowi miejsce, ktore interesuje zarowno geologoéw, jak i badaczy historii. Krajobraz
tego regionu zostal trwale przeksztalcony przez dzialalno$¢ cztowieka, czego
przykladem sa liczne hatdy i usypiska. W dzisiejszych czasach dawne pozostatosci
pokopalniane staja si¢ obiektami edukacyjnymi i geoturystycznymi [1,2]. Przedmiotem
badan byly probki materialu skalnego o charakterze tupkéw lyszczykowych,
pochodzace z lokalnych usypisk pokopalnianych na Pogérzu Izerskim. Pobrano probki
tupkéw z okolic sztolni ,,.Sw. Leopold” w Krobicy oraz kopalni ,,Psi Grzbiet” we wsi
Gierczyn. Gtownymi celami badan byly: analiza zawartosci metali, zwtaszcza ciezkich
oraz identyfikacja faz krystalicznych w zebranych tupkach [3].

Analize zawartosci pierwiastkOw wykonano stosujac zaawansowane techniki
instrumentalne: optyczng spektrometri¢ emisyjng ze wzbudzeniem w plazmie
indukcyjnie sprzezonej (ICP-OES) oraz ptomieniowg, wysokorozdzielcza, absorpcyjng
spektrometri¢ atomowa z cigglym zrodtem promieniowania (HR-CS-FAAS). Fazy
krystaliczne okreslono za pomocg rentgenowskiej dyfraktometrii proszkowej (PXRD),
natomiast do okre$lenia punktowego rozmieszczenia pierwiastkow wykorzystano
skaningowa mikroskopi¢ elektronowg sprzezong ze spektrometrig dyspersji energii
promieniowania rentgenowskiego (SEM-EDS). Do badan sktadu fazowego stosowano
dyfraktometr polikrystaliczny X'PERT PRO MPD firmy Malvern PANalytical, ze
zrodtem promieniowania CuKo uzyskiwanego w wyniku monochromatyzacji promieni
X na filtrze niklowym. Oceng sktadu fazowego badanych prob wykonano przy pomocy
programu X' Pert High Score (ver. 4.9) oraz bazy standardéw proszkowych ICDD PDF2
(ver. 2024). Analizy zawarto$ci metali wykonano metodg ICP-OES po uprzednim
roztworzeniu probek w wodzie krolewskiej [3].

Rezultaty analiz wykazaly podobienstwo w sktadzie i morfologii badanych
tlupkow. Analiza PXRD i korelacja z wynikami SEM-EDS potwierdzity, ze gtowng faza
krystaliczng tupkow jest kwarc, ktéremu towarzysza glinokrzemiany, zwlaszcza
muskowit i klinochlor. Stwierdzono, ze zawarto$¢ metali potencjalnie toksycznych
(otowiu, kobaltu, chromu 1 cyny) wystepowata na poziomie sladowym. Niskie stezenia
metali cigzkich sugeruja ograniczony potencjal migracji zanieczyszczen, co oznacza,
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ze badane odpady pokopalniane nie stanowia zagrozenia dla $rodowiska gruntowo-
wodnego. Znaczace stgzenia glinu (Al), zelaza (Fe), potasu (K) i magnezu (Mg) sg
z kolei $ci$le skorelowane z obecno$cia wymienionych mineratow, stanowigcych
gtowng mase tupkoéw tyszczykowych. Ze wzgledu na korzystny efekt wizualny
1 oporno$¢ na czynniki atmosferyczne, badane odpady po wstepnej selekcji jakosciowe;,
moga stanowi¢ estetyczny materiat dekoracyjny wykorzystywany w budownictwie oraz
ogrodnictwie.
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DERIVATION OF THE MAGNETIC LORENTZ FORCE VIA A
UNIFIED APPROACH TO CLASSICAL AND RELATIVISTIC
DYNAMICS FOR VARIABLE MASS SYSTEMS
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Special relativity categorizes the description of physical phenomena based on
the velocity of the objects involved. For velocities significantly lower than the speed of
light in a vacuum a classical framework is employed; however, as velocities approach c,
the description shifts to a relativistic one. The precise boundaries governing the
applicability of these two approaches are often difficult to define. While magnetism
is traditionally associated with relativistic effects, the velocities of moving charges
in many practical scenarios remain within non-relativistic limits. Consequently, these
phenomena frequently reside in the classical rather than the relativistic domain.

In this presentation, we introduce a novel approach to magnetism that reconciles
these two distinct frameworks, establishing a universal description valid across the
entire velocity spectrum [1,2]. Classically, this is achieved by treating the motion as that
of a body with variable mass. The core relativistic principle integrated into this theory is
mass-energy equivalence. Experimental evidence confirms that mass varies with
motion, a factor that must be explicitly accounted for in the equation of motion. While
variable mass equations are well-established—commonly used, for instance, to describe
rocket propulsion—mass-energy equivalence is equally prevalent, appearing at the
micro-scale in isotope production and at the macro-scale in stellar radiation.

By applying this unified dynamical framework to objects such as point charges,
we utilize the governing equations of variable mass systems. From this, two distinct
components emerge, one of which accounts for magnetism. This allows for the formal
definition of the magnetic interaction as a fundamental consequence of the system's
dynamics. Within three-dimensional physical space, the formulas for the magnetic
induction vector and the Lorentz force are subsequently derived.
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PORZADEK POZYCYJNY W MIESZANINIE
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Mieszanina ciektokrystaliczna oznaczana jako MIX23HH6 powstala w wyniku
zmieszania zwigzkéw o akronimach MHPOBC, 3F2HPhH6 i 3F3HPhH6 w stosunku
molowym 0.5 : 0.25 : 0.25 (Rys. 1). Sekwencja fazowa mieszaniny podczas
ochtadzania, otrzymana metodg réznicowej kalorymetrii skaningowej, to ciecz
izotropowa (407.5 K) smektyk A* (396.9 K) smektyk C* (388.5 K) smektyk Ca*
(309.3 K) smektyk Xa* (265.5 K) szklo smektyka Xa* [1]. Fazy smektyczne
charakteryzuja si¢ uporzadkowaniem warstwowym quasi-dalekiego zasiggu oraz
uporzadkowaniem bliskozasiegowym w warstwach; w fazie heksatycznej dodatkowo
pojawia si¢ uporzadkowanie orientacyjne heksagonalnych domen wewnatrz warstw [2].

MHPOBC

3FmHPhH6, m=2,3
C3FTCHZOCmH2mO—® COO Q O COO—C*H(CH;)CeHy5  (S)

Rys. 1. Wzory strukturalne sktadnikow mieszaniny MIX23HHG6 [1].

C*H(CH3)CeH13  (S)

Wydtuzone czasteczki MHPOBC, 3F2HPhH6 1 3F3HPhH6 moga przyjmowac
rozne konformacje, czesto odbiegajace znaczaco od liniowego. W celu wyznaczenia
sredniej dhugosci L i parametru nieliniowosci 06 czasteczek dokonano poréwnania
grubo$ci warstw smektycznych d wyznaczonej metoda dyfrakcji rentgenowskiej i kata
pochylenia czasteczek @ otrzymanego metoda elektro-optyczng. Dopasowanie funkcji
d(®) = Larccos(® — 60) daje wynik L = 32.31(2) A, 60 = 16.7(2)° w fazie SmC* oraz
L=31.19(5) A, 60 = 25.2(5)° w fazie SmCa* (Rys. 2a). Dla poréwnania, $rednie
wartosci dla modeli czasteczek otrzymanych metoda DFT w programie Gaussian 16 [3]
to L =31 A oraz 0 = 25°, co wskazuje, ze w mieszaninie MIX23HH6 nie zachodzi
dimeryzacja czasteczek.
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Natezenia reflekséw (00/) zwigzanych z uporzadkowaniem warstwowym
pozwalaja na wyznaczenie centrosymetrycznego rozktadu gestosci elektronowej p(z)
w kierunku prostopadtlym do warstw smektycznych w mieszaninie (Rys. 2b) 1 jej
czystych skladnikach. Wyniki obliczen DFT dajag jako$ciowo dobrag zgodnosc
z eksperymentem dla MIX23HH6 w niskich temperaturach (< 350 K) oraz dla
3F2HPhH6 i 3F3HPhH6. Eksperymentalne rozktady p(z) dla MIX23HH6 w wyzszych
temperaturach i dla MHPOBC sg blizsze prostej zalezno$ci sinusoidalnej, niz wynika
z obliczen DFT, co wskazuje na niskie warto$ci parametréw porzadku warstwowego
wyzszego rzedu [4].
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Rys. 2. Grubo$¢ warstw smektycznych vs. kat pochylenia (a) i rozktad gestosci elektronowej (b)
w mieszaninie MIX23HHG6 [1].
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STRUKTURA KRYSTALICZNA POLIMERU
KOORDYNACYJNEGO MIEDZI(I) Z ZASADA SCHIFFA
WYKAZUJACA ODDZIALYWANIE KUPROFILOWE
(Cu(@)---Cu(l))

Martyna Wojciechowska, Emilia Ganczar

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

W chemii zwigzkéw koordynacyjnych wykorzystuje si¢ kombinacje
réznorodnych ligandow organicznych z centrami metalicznymi w celu konstrukcji
zarowno uktadow dyskretnych jak 1 jedno- lub wielowymiarowych polimerow
koordynacyjnych [1]. W wyniku prostych reakcji bardzo czesto dochodzi do otrzymania
wiecej niz jednej formy krystalicznej o odmiennych wlasciwos$ciach strukturalnych [2].
Ligandy wykazujace tendencje do tworzenia mostkow koordynacyjnych znajduja
szerokie zastosowanie w chemii koordynacyjnej, miedzy innymi dlatego, Ze ich obecno$¢
sprzyja zblizeniu sasiednich centrow metalicznych co czesto znajduje swoje
odzwierciedlenie we wlasciwosciach magnetycznych oraz elektronowych [3].

W naszym zespole od kilku lat prowadzimy badania nad zwigzkami
koordynacyjnymi opartymi na zasadach Schiffa otrzymywanych z 4H-1,2,4-triazolo-4-
aminy z aromatycznymi aldehydami i ketonami [4]. Badamy ich wtasciwosci strukturalne
z takimi metalami jak srebro 1 miedZ(I). Poprzez modyfikacje strukturalng ligandéw oraz
zmian¢ geometrii aniondw poszukujemy réznych $ciezek krystalizacji oraz badamy
mozliwe motywy strukturalne. Na posterze zaprezentujemy struktur¢ krystaliczng
jednowymiarowego polimeru koordynacyjnego miedzi(I) z ligandem 4CIPhatrzim
(Rys. 1), otrzymanego zar6wno w wyniku krystalizacji z roztworu, jak i metoda
mechanochemiczng. Zdolnos$¢ liganda 4ClPhatrzim do mostkowania jonow miedzi(l)
wspierana obecnoscig koordynujacych aniondw halogenowych, prowadzi do utozenia
jonéw miedzi w tancuchu polimerowym w bliskim sgsiedztwie (Cu---Cu 2.89 A).

cl

7

N = CHs

\
0

Rys. 1. 4-(4-chlorofenylo)-N-(4H-1,2,4-triazol-4-yl)but-3-en-2-imina (4CIPhatrzim).
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BEYOND CONVENTIONAL CRYSTALLINITY: HYBRID
ORGANIC-INORGANIC LEAD HALIDE THAT REMAINS
STRUCTURALLY DISORDERED

Andrzej Nowok!, Anna Gagor?, Adam Sieradzki'
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The interplay between crystal structure and molecular dynamics is a key factor
governing the physical properties of hybrid organic—inorganic halides [1,2]. Although
these materials are typically considered structurally ordered at low temperatures, many
display pronounced dynamic behavior at elevated temperatures, largely driven by the
motion of organic cations.

In this work, we investigate a hybrid compound, aminoguanidinium lead iodide
(AGAPDI3), which deviates from this conventional picture [3]. The material undergoes
a first-order phase transition at 400/369 K (upon heating/cooling), resulting in a low-
temperature monoclinic C2/c structure. Using a combination of broadband dielectric
spectroscopy, Raman scattering, and X-ray diffraction, we demonstrate that significant
molecular dynamics persist even in this low-temperature phase. In particular, the
terminal NH> groups retain mobility, although their motion progressively slows upon
cooling and increasingly interacts with the Pbl¢* octahedral framework. The
corresponding relaxation times increase dramatically (i.e., from microseconds to
thousands of seconds) as the temperature decreases, eventually reaching a regime
characteristic of dynamic freezing around 170-180 K. Consequently, we reveal an
additional continuous crossover from dynamic to static disorder in AGAPDI; that
proceeds without any structural transition. The forming static disorder induces local
distortions within the low-temperature lattice, which in turn affect the
photoluminescence and other optoelectronic properties of the material [3].
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INSIGHTS INTO THE TRANSPORT BEHAVIOR AND
VIBRATIONAL SPECTRA OF BENZIMIDAZOLIUM SALTS
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Proton conductors are an important class of functional materials that play
a significant role in modern energy technologies, particularly in the development of
advanced energy storage solutions [1]. An important aspect of research on this group of
compounds is not only the search for new systems with high thermal stability but also
the investigation of their fundamental physicochemical properties, which determine
proton-transport efficiency and application potential [2].

The research involved analyzing hydrogen-bond networks to identify potential
proton-conduction pathways. The studies focused on two organic salts: benzimidazole
salicylate (BenSal) [3] and benzimidazole terephthalate (BenTer). To characterize the
compounds, quantum-chemical calculations based on density functional theory (DFT)
and spectroscopic methods were employed. The calculations included geometry
optimization of the investigated systems, determination of theoretical spectra, and
analysis of potential proton-conduction pathways. Experimental studies were carried out
using X-ray crystallographic analysis and spectroscopic methods (FT-IR and Raman).
The FT-IR spectra for BenSal indicated that the bands at 1593 and 1383 ¢cm™' are
attributed to the asymmetric and symmetric stretching of the carboxyl group
(Vasym(COQ")), suggesting a proton transfer from the acid to the base.

A network of hydrogen bonds was found to be key to proton transfer in the
crystal structures of the salts under study. Proton hopping along hydrogen bonds and
molecular rotation were analyzed using PES calculations. Theoretical analysis showed
that the hopping mechanism predominates in BenSal, whereas the Grotthuss mechanism
predominates in BenTer. To analyze the thermal behavior of ions in BenTer, FT-IR
spectroscopy was performed over the temperature range 300-5 K.

Combining experimental studies with DFT calculations provided a more detailed
understanding of the relationship between molecular structure and features important for
proton transport. Understanding this relationship is crucial for developing new materials
intended for use as proton conductors.
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WPLYW GRUPY FENYLOWEJ NA ORGANIZACJE SIECI
WIAZAN WODOROWYCH W KOKRYSZTALACH
POCHODNYCH MOCZNIKA Z FENAZYNA

Weronika Mruszczyk, Kinga Wzgarda-Raj

Uniwersytet L.odzki, Wydzial Chemii, Katedra Chemii Fizycznej ul. Pomorska 163/165,
90-236 L6dz

Fenazyna jest heterocyklicznym zwigzkiem aromatycznym zawierajagcym dwa
atomy azotu, co umozliwia jej petienie roli akceptora wigzan wodorowych i czyni ja
dogodnym uktadem do projektowania struktur supramolekularnych. Mocznik oraz jego
pochodne, dzigki obecnosci grup -NH oraz atomu tlenu w grupie karbonylowe;,
wykazuja wysoka zdolnos¢ do tworzenia uporzadkowanych sieci wigzan wodorowych
[1]. Wprowadzenie grupy fenylowej w N-fenylomoczniku zmienia wlasciwosci
fizykochemiczne czasteczki, co moze wplywaé na charakter oddzialywan
migdzyczasteczkowych oraz organizacj¢ struktury krystalicznej [2].

Celem pracy bylo otrzymanie 1 pordwnanie kokrysztatlow fenazyny
z mocznikiem oraz N-fenylomocznikiem, ze szczegdlnym uwzglgdnieniem wplywu
podstawienia fenylowego na motywy wigzan wodorowych. Kokrysztaty otrzymano
przez powolne odparowanie rozpuszczalnika, a nastepnie scharakteryzowano je za
pomoca rentgenowskiej analizy strukturalnej. Uzyskane wyniki wskazujg na rdznice
w sposobie organizacji oddzialywan miedzyczasteczkowych w zaleznosci od
zastosowanego donora wigzan wodorowych.
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Rys. 1. Ulozenie czasteczek w kokrysztatach fenazyny z (I) N-fenylomocznikiem oraz (II) mocznikiem.

Literatura

[1] C. Stefaniu, P. L. Zaffalon, A. Carmine, Q. Verolet, S. Fernandez, T. A. Wesolowski, G. Brezesinski,
A. Zumbuehl, Rigid urea and self-healing thiourea ethanolamine monolayers. Langmuir, 31 (2015)
1296-1302.

[2] J. Chen, R. Xu, F. Liu, H. Zhao, A. Farajtabar, 1-Phenylurea Equilibrium Solubility in Several
Mono-Solvents from 283.15 to 323.15 K. Journal of Chemical and Engineering Data, 67 (2022)
3210-322.

67 Konwersatorium Krystalograficzne, Warsztaty
i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 24-26 VI 2026 183



B-24
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TRANSPORT BEHAVIOR IN HYDROGENATED HEMIMELLITIC
ACID SALTS WITH HETEROCYCLIC BASES

Adam Mizera', Sylwia Zi¢ba!, Pawel Lawniczak!, Andrzej Gzella?,
Andrzej Lapinski’

! Institute of Molecular Physics Polish Academy of Sciences, Mariana
Smoluchowskiego 17, 60-179 Poznan, Poland
? Departament of Organic Chemistry, Poznan University of Medical Sciences,
Grunwaldzka 6, 60-780 Poznan, Poland

Researchers have been searching for new functional materials, paying particular
attention to their potential applications in various fields. One such group is solid-state
proton conductors derived from heterocyclic bases and carboxylic acids. These materials
can be used as electrolytes in fuel cells or for storing hydrogen [1-3]. These salts exhibit
good thermal stability and proton conductivity; thus, they are suitable materials for
conductive membranes.

The research focuses on the hydrated salts of hemimellitic acid with imidazole
(ImiHem-H>0) and pyrazole (PyrHem-H>0O) [4—6]. Studies were conducted using various
methods, including X-ray diffraction, impedance spectroscopy, FT-IR, and DFT
calculations. X-ray structural analyses indicate that the salts crystallize in the monoclinic
system with space groups P2/c (ImiHem-H>0O) and C2/c (PyrHem-H:0). The salts studied
were found to form a network of charge-transfer hydrogen bonds. The presence of water
within these networks was also noted. A helical motif (chain motif) was observed in the
N*—H---O™ hydrogen bonds in ImiHem-H,O. By contrast, a ring motif was observed in
PyrHem-H:O, indicating a fundamental difference in the hydrogen-bond network.

Impedance spectroscopy has shown that for ImiHem-H:O, the electrical
conductivity opc is 8-10° S-m!, whereas for PyrHem-H>O, opc = 8.2:10° S-m’!. The
calculated activation energies from the conductivity measurements indicate that for
ImiHem-H>O, E. is 2.67 eV at temperatures up to 373 K. However, for PyrHem-H>O, E.
ranges from 5.05 to 1.23 eV. DFT calculations and FT-IR spectroscopy revealed that the
long-range conductivity of ImiHem-H>O at room temperature is primarily due to a base
subnetwork involving imidazole librations, indicating the presence of the Grotthuss
mechanism.

Research indicates that the closed-ring hydrogen-bonding motif of PyrHem-H>O
significantly stiffens the crystal structure, consequently reducing the likelihood of proton
transport within the crystal lattice at room temperature. Conversely, near the melting
point, conductivity improves. By contrast, the open-chain hydrogen-bonding motif of
ImiHem-H>O suggests that the Grotthuss mechanism is more likely to occur at room
temperature than in the hydrated salt of pyrazole with hemimelitic acid.
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Fig. 1. The proposed Grotthuss mechanism for ImiHem-H,O, involving imidazole libration.
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ANALIZA POCHODNYCH HYDRAZYN JAKO NOWYCH
SRODKOW PRZECIWBAKTERYJNYCH

Magdalena Ostrycharz!,
Andrzej Olczak!, Katarzyna Gobis?, Malwina Krause?, Malgorzata Szczesio!

! Zespot Rentgenografii Strukturalnej i Krystalochemii,
Instytut Chemii Ogolnej i Ekologicznej, Wydziat Chemiczny, Politechnika L.0dzka,
ul. Zeromskiego 114, 90-543 Lodz
? Katedra i Zaktad Chemii Organicznej, Wydzial Farmaceutyczny,
Gdanski Uniwersytet Medyczny, Al. Gen. J. Hallera 107, 80-416 Gdansk

Gwattowny wzrost liczby szczepow bakteryjnych opornych na dostepne
antybiotyki, w duzej mierze spowodowany ich nadmiernym 1 niewlasciwym
stosowaniem, stanowi obecnie jedno z kluczowych wyzwan dla zdrowia publicznego na
swiecie [1]. Mimo rosnacej liczby badan nad nowymi lekami przeciwbakteryjnymi, wcigz
obserwuje si¢ ograniczong liczbe zwigzkéw oferujacych nowe mechanizmy dziatania,
w tym przeciwko bakteriom Gram-ujemnym. W zwiazku z tym poszukiwanie nowych
struktur molekularnych o potencjalnej aktywnosci biologicznej stanowi istotny kierunek
wspotczesnych badan [2].

Przeprowadzono krystalizacj¢ oraz analizg strukturalng zwigzkoéw o potencjalnym
zastosowaniu w badaniach biologicznych. W celu uzyskania monokrysztatow
zastosowano proces krystalizacji metoda powolnego odparowania rozpuszczalnika, uzyto
dimetyloformamidu oraz metanolu. Otrzymane krysztalty poddano analizie metoda
monokrystalicznej dyfrakcji rentgenowskiej, co umozliwito szczegélowe wyznaczenie
ich struktury molekularne;.

Wybrane zwigzki krystalizowaly w grupach przestrzennych P1, Pca2:, P2i/n.
Przeprowadzona analiza strukturalna potwierdzila obecnos¢ w strukturach centrow
donorowo-akceptorowych, obejmujacych w tym atomy azotu, siarki oraz grupy N-H,
ktore odgrywajg istotng rol¢ w oddziatlywaniach z potencjalnymi celami biologicznymi,
co wskazuje na zasadno$¢ dalszych badan nad aktywnoscia przeciwbakteryjna
analizowanych zwigzkow.

Praca wykonana/sfinansowana w ramach projektu/grantu: FU?N — Fundusz
Udoskonalania Umiejetno$ci Mtodych Naukowcow
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Przemiany fazowe materiatéw krystalicznych typu monokrysztat — monokrysztat
sg interesujace ze wzgledu na mozliwos¢ powigzania zmian strukturalnych ze zmianami
wlasciwosci fizycznych, takich jak rozszerzalno$¢ temperaturowa, przewodnictwo
elektryczne czy fotoluminescencja w ciele stalym, a w konsekwencji potencjal do
projektowania materiatdw przetaczalnych [1,2]. Dogodnym modelem do badania
wplywu temperatury na struktur¢ ciala stalego i dynamike przemian fazowych jest
kompleks ztota(I) z anionem adeniny i trietylofosfing (AuA). Wynika to z bogactwa
dostepnych konformacji ligandu fosfinowego [3,4] oraz stabilizujacego strukture uktadu
wigzan wodorowych tworzonych przez reszty adeninowe [5].

Istotnym problemem rentgenowskiej analizy strukturalnej jest doktadne
ustalenie polozen atomoéw wodoru, z uwagi na ich niskg warto$¢ atomowego czynnika
rozpraszania. Szczeg6lne wyzwanie stanowi wyznaczanie potozen atomow H w strukturach
zwigzkow zawierajacych atomy metali cigzkich [6].

W biezacej pracy rozwigzanie problemu podje¢to stosujac pomiary dyfrakceji
neutronowe;j'. Ze wzgledu na sama nature oddziatywan neutrondéw z materia, uzyskanie
odpowiednio duzej ilosci badanego materialu zawsze stanowito jeden z czynnikdéw
ograniczajacych prowadzenie eksperymentow dyfrakcji neutronowej. Koniecznos¢
otrzymania monokrystalicznych probek o objetosci co najmniej 1 mm?® [7,8], a dawniej
nawet o kilka rzedow wielkoSci wigkszych, znaczaco ograniczata liczbe
podejmowanych badan z wykorzystaniem neutronowej dyfrakcji monokrystalicznej. W
celu uzyskania monokrysztatow zdatnych do pomiaréw dyfrakcji neutrondw w ramach
projektu dopracowano metod¢ syntezy i krystalizacji AuA. Wykonano oraz opracowano
seri¢ zmiennotemperaturowych pomiaréw dyfrakcji rentgenowskiej w zakresie 100-300 K,
a takze przygotowano modele strukturalne na podstawie danych dyfrakcji neutronowe;j
dla kilku temperatur.

Przeprowadzone eksperymenty pozwolily na powtarzalne otrzymywanie duzych
krysztatéw rzedu 0,5mm?, ktore umozliwity zebranie dobrej jakosci danych z dyfrakcji
neutronéw, oraz analize zmian zachodzacych w strukturze krystalicznej AuA pod
wplywem temperatury. W badanym zakresie stwierdzono przemian¢ fazowa o charakterze
cigglym, zwigzang ze stopniowym pojawianiem si¢ nieporzadku strukturalnego.
Wyznaczono zaleznosci temperaturowe parametrow sieciowych 1 kontaktow
miedzyczasteczkowych.

! Dostep do infrastruktury badan neutronowych na instrumencie KOALA2 w ANSTO zostat
umozliwiony w ramach wniosku programu ACNS oraz przyznanego czasu pomiarowego P21222.
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CRYSTAL ENGINEERING OF AMINOQUINOLINE ISOMER
SALTS: STRUCTURE-FLUORESCENCE RELATIONSHIPS
IN THE SOLID STATE

Marcin Swiatkowski, Tomasz Sieranski

Institute of General and Ecological Chemistry, Lodz University of Technology,
Zeromskiego 114, 90-543 Lodz

The design of efficient solid-state fluorescent materials is an important topic in
modern crystal engineering. Such materials are useful in sensing, optoelectronics,
security systems, and light-emitting devices [1,2]. However, fluorescence in the solid
state is difficult to predict, because it depends not only on the molecular structure of the
fluorophore, but also on the way in which molecules are arranged in the crystal lattice.
Intermolecular interactions, such as hydrogen bonds, n—mn stacking, anion—-m contacts,
and van der Waals interactions, can strongly change the emission properties [3,4].
In many cases, aggregation or strong m—n interactions lead to fluorescence quenching
[5,6]. Therefore, a detailed understanding of structure—property relationships is
necessary for the rational design of new emissive crystalline materials.

Aminoquinoline isomers are an interesting group of organic fluorophores for this
type of study. The quinoline core is present in many functional molecules and is known
for its useful optical, biological, and coordination properties [7,8]. At the same time,
aminoquinoline molecules can form salts with different inorganic acids, which gives
a simple and effective way to modify their solid-state structures. In such salts,
protonation of the aminoquinoline molecule changes the electron distribution within the
organic fluorophore. Moreover, the introduced anions can control the packing
arrangement, create new hydrogen-bonding motifs, change distances between aromatic
rings, and modify other weak intermolecular interactions [9]. For this reason, inorganic
salts of aminoquinoline isomers are a promising platform for studying how small
structural changes influence fluorescence in the solid state.

This study focuses on a series of inorganic salts of aminoquinoline isomers. The
crystal structures of these compounds were determined by single-crystal X-ray
diffraction, and their fluorescence properties were compared with those of the neutral
aminoquinoline isomers. The main aim of the work was to determine how protonation,
the type of anion, and anion-induced changes in intermolecular interactions affect the
emission behavior. The structure—property analysis was based on crystallographic data
and solid-state fluorescence measurements, supported by DFT calculations. This
combined approach enabled the identification of the most important structural factors
responsible for fluorescence enhancement or quenching. The presented results show that
salt formation can be used as a practical crystal-engineering strategy for tuning the
photophysical properties of aminoquinoline-based materials.
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Fig. 1. Molecular structures of §-aminoquinoline (a) and its diprotonated chloride (b) and nitrate (c) salts.
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KIEDY FOSFOR PRZEJMUJE KONTROLE — STRUKTURALNE
KONSEKWENCJE ¢-DELOKALIZACJI W UKLADACH RAHB

Anna Pietrzak!, Przemystaw Nowak?3, Silvia C. Capelli*, Marta Dudek?,
Wojciech M. Wolf!

! Instytut Chemii Ogélnej i Ekologicznej, Politechnika £oédzka, Zeromskiego 114,
90-543 £.odz
2 Centrum badan Molekularnych i Makromolekularnych PAN, Sienkiewicza 112, 90-363
Lodz
3 BioMedChem Szkota Doktorska UL i Instytutow PAN, Matejki 21/23, 90-237 L.odz
# ISIS Neutron and Muon Facility RAL, OX11-00X Didcot, UK

Wewnatrzczasteczkowe wigzania wodorowe w uktadach sprzgzonych s3
zazwyczaj interpretowane w ramach koncepcji rezonansowo wspomaganego wigzania
wodorowego (RAHB), zaproponowanej w 1989 roku przez Gilliego, zgodnie z ktorg
delokalizacja elektrondw © kooperatywnie wzmacnia oddziatywanie typu O-H---O [1].
W niniejszej pracy wykazujemy jednak, ze uklady o geometrii charakterystycznej
dla RAHB moga powstawac w wyniku zasadniczo odmiennego mechanizmu elektronowego.

Rentgenowska analiza strukturalna monokrysztatéw badanych fosforylowanych
hydrochinolinoli wykazala obecno$¢ wewnatrzczasteczkowych wigzan wodorowych
typu O-H---O=P. Badania natury i charakterystyki tych oddzialywan uzupekiono
o dyfrakcj¢ neutronowa, ktora pozwala rozstrzygna¢, czy obserwowana geometria
odpowiada rzeczywistej lokalizacji protonu, czy tez dynamicznie usrednionemu wigzaniu
wodorowemu [2]. W celu okres$lenia elektronowego mechanizmu stabilizacji wigzania
przeprowadzono analiz¢ NBO. Z kolei wyniki spektroskopii NMR oraz FTIR
w roztworze umozliwity oceng sity i stabilno$ci wigzania w warunkach roztworowych.

o, ()
ge -CHicHs), (1)

-cH,0cH, (IN)
Ts CHNO, (V) 7

Rys. 1. Struktury oraz schemat numeracji atomow badanych zwiazkow 1, II, 111, oraz IV. Parametry
elipsoid przemieszczen atomowych (ADP) sg ustawione na poziomie
prawdopodobienstwa 50%.
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ANALIZA STRUKTURALNA I SUPRAMOLEKULARNA
POCHODNYCH HYDRAZYNY METODA DYFRAKCJI
RENTGENOWSKIEJ MONOKRYSZTALOW ORAZ KORELACJA
Z AKTYWNOSCIA BIOLOGICZNA

Krzysztof Muszynski', Malgorzata Szczesio!, Andrzej Olczak', Katarzyna Gobis?

I Instytut Chemii Ogélnej i Ekologicznej, Wydzial Chemiczny, Politechnika £édzka,
ul. Zeromskiego 116, 90-924 Lodz
? Katedra i Zaktad Chemii Organicznej, Wydzial Farmaceutyczny, Gdarski Uniwersytet
Medyczny, ul. Hallera 107, 80-416 Gdansk

Antybiotykoodporno$¢ jest jednym ze wspotczesnych probleméw zdrowia
publicznego i stanowi powazne zagrozenie dla ludzi. Zjawisko to jest duzym wyzwaniem
dla systemow opieki zdrowotnej, a takze obcigzeniem finansowym dla panstw.
Wspotczesna medycyna stoi przed konieczno$cig poszukiwania nowych zwigzkow
wykazujacych potencjalne dziatanie przeciwbakteryjne [1]. Obiecujaca grupa zwigzkow
w poszukiwaniu nowych kandydatow na leki sg pochodne hydrazyny. Obecnos$¢ grupy
hydrazynowej umozliwia ich latwa modyfikacje strukturalng. Zwiazki te wykazuja
ponadto szerokie spektrum aktywnosci biologicznej [2].

W celu oceny potencjalnej aktywnos$ci przeciwbakteryjnej hydrazyny oraz
okreslenia jej struktury przeprowadzono szczegodtowa analize wybranej pochodnej
hydrazyny. Obejmowata ona krystalizacj¢, udoktadnienie struktury, dokowanie
molekularne oraz analiz¢ farmakokinetyczng.

Metodyka pracy opierala si¢ na wykorzystaniu dyfrakcji promieniowania
rentgenowskiego (XRD). Do pomiarow dyfraktometrycznych monokrysztalow
wykorzystano dyfraktometr monokrystaliczny Rigaku XtalLAB Synergy.

Ao d

Rys. 1 Struktura 3D pochodnej hydrazyny.
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EFFECT OF PROTONATION AND CRYSTAL PACKING ON THE
SOLID-STATE FLUORESCENCE OF HYDRALAZINE
HYDRAZONE HYDROCHLORIDES

Igor Mossur, Agata Trzesowska-Kruszynska, Marcin Swiatkowski,
Tomasz Sieranski

Analytical and Structural Chemistry Group, Institute of General and Ecological
Chemistry, Lodz University of Technology, Zeromskiego 114, 90-543 Lodz, Poland

Organic compounds exhibiting solid-state emission constitute an interesting
group of molecular materials due to their potential application in optoelectronics, optical
sensors, and security materials [1-3]. Particular attention is paid to systems whose
emissive properties can be modulated through structural modifications, intermolecular
interactions, and changes in the protonation state. Hydralazine hydrazones are an
interesting group of compounds in this context, as they combine the presence of
a hydrazone moiety, a conjugated z-electron system, and sites capable of protonation
and intermolecular interactions.

The aim of the study was to determine the influence of molecular structure, the
nature of substituents and crystal packing on the solid-state fluorescence of a series of
hydralazine hydrazone hydrochlorides. For this purpose, compounds containing various
aldehyde fragments were synthesized, including both aromatic aldehydes and
cinnamaldehyde derivatives with an extended conjugated system. The comparison of
the obtained structures enabled an analysis of the relationships between electronic
effects, the presence of potential hydrogen-bond donors and acceptors, the degree of
conjugation, and the organization of molecules in the solid state.

It was shown that the free hydrazone bases in the investigated series exhibit very
weak emission or no emission, whereas the corresponding hydrochlorides display solid-
state fluorescence. This observation indicates that protonation may play an important
role in inducing emissive properties in this group of compounds. It was also found that
the emission maximum and fluorescence intensity depend not only on the molecular
structure, but also on the crystal packing and the type of intermolecular interactions
present in the crystal lattice.

The obtained results indicate that hydralazine hydrazone hydrochlorides may
serve as a useful model for studying the relationships between protonation, molecular
structure, crystal packing, and solid-state emission. This approach may support the
design of new organic fluorescent materials with properties modulated by structural
changes and interactions in the solid state.
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STRUKTURA SOLI KETOPROFENU Z ETAKRYDYNA

Marta S. Krawczyk
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Medyczny im. Piastow Slgskich we Wroctawiu, Borowska 2114, 50-556 Wroctaw.

Kontynuujagc badania nad solami i kokrysztatami substancji leczniczych
otrzymano sole racemicznego ketoprofenu i enancjomeru S z etakrydyng. Ketoprofen
nalezy do klasy niesteroidowych lekow przeciwzapalnych (NLPZ) [1-3] 1 jest
syntezowany w postaci mieszaniny racemicznej. Etakrydyna, znana w postaci soli
mleczanu, wykazuje wlasciwosci antyseptyczne.

C13ﬁ"

Rys. 1. Struktura soli (R,S)-ketoprofenu z etakrydyna.

Sol  (R,S)-ketoprofenu z etakrydyng krystalizuje w grupie przestrzennej
P2y/c, a so6l enancjomeru S w grupie P1. Krysztaly obydwu soli otrzymano w postaci
solwatow. Wystepuja w nich sieci wigzan wodorowych typu N-H:---O 1 O-H---O
oraz innych stabych oddziatywan.
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KOMPLEKSY B-CYKLODEKSTRYNY Z TERPENOIDAMI

Sevastian Piskunov, Anna E. Koziol

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

Cyklodekstryny, cykliczne oligosacharydy, sa grupa zwiazkéw bardzo szeroko
stosowang do tworzenia ukladow supramolekularnych gos$¢-gospodarz. Kompleksy
molekularne B-cyklodekstryn (B-CD) sg wykorzystywane w przemysle spozywczym,
farmaceutycznym czy kosmetycznym do poprawy wiasnosci fizyko-chemicznych gosci,
np. zwigkszania stabilnosci chemicznej, termicznej, rozpuszczalnosci, biodostgpnosci.
Do hydrofobowej wneki czasteczek B-CD moga dokowaé si¢ mniejsze czasteczki,
posiadajace hydofobowe grupy funkcyjne takie jak fenylowe, liniowe i1 cykliczne
alkany/alkeny. Do syntezy kompleksow stosuje si¢ rozne metody i techniki.

W prezentowanych badaniach uzyto metode wytragceniowa, ktoéra polega na
dodawaniu do roztworu wodnego -CD alkoholowych roztworéw goscia. W syntezach
zastosowano trzy stechiometrie B-CD:go$¢ 1:1, 1:2 i 2:1. Ukfady reagentow byty
mieszane przez 10+18 godzin w temperaturze 45 °C, a nastepnie chlodzone
i dekantowane. Powstatle osady wysuszono i zarejestrowano widma FTIR oraz
dyfraktogramy proszkowe. Do syntez wybrano osiem zwigzkéw terpenoidowych
o roznym charakterze chemicznym (Rys. 1); sa to weglowodory, ketony i alkohole.
Wykonano tez syntezy kompleksow B-CD + kwas trans-cynamonowy.

(+)—o-pinen R-karwon S-werbenon eugenol
) o O O,CH3
\‘@ N i

©/\Oi\
X

3-karen S-karwon kwas trans- L-mentol

Cynamonowy
O
@)
H OH
AN

Rys. 1. Struktury czasteczek wybranych terpenoidow.

Mozna znalez¢ w literaturze dla kompleksow z tymi go$émi (z wyjatkiem
3-karenu 1 S-werbenonu) opisy syntez i, dla niektérych, rowniez informacje
o strukturach krysztatéw (refcod CSD: TEZZUV, TIBBAJ, TIBBEN, XEYDIQ, NIZGUY,
NIZHAF, XERTET). Jednak byly one otrzymywane roznymi metodami i w zrdznico-
wanych warunkach. W prezentowanych badaniach zostat przyjety ujednolicony schemat
syntez. Przez wykorzystanie widm FTIR sprawdzano, czy w otrzymanej fazie znajduje
si¢ czasteczka goscia. Podstawa identyfikacji byla obecnos¢ drgan charakterystycznych
dla goscia anieobecnych w B-CD, czyli fragmentow C=C, C=0, C-OH. Natomiast
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obrazy dyfrakcyjne pozwalaly na stwierdzenie, czy dana faza stala ma strukture
identyczna/podobng do wczesniej scharakteryzowanych oraz czy struktura kompleksow
zalezy od wyjsciowej stechiometrii 3-CD:gos¢.

Analiza danych eksperymentalnych wykazata, ze kazda synteza kompleksu
inkluzyjnego data nowy produkt, w ktérym znajduje si¢ czasteczka goscia. Przyktadowe
widma sg zalaczone na Rys. 2a i 3a.

Poréwnanie eksperymentalnych rentgenogramow proszkowych z odpowiednimi
wygenerowanymi z uzyciem danych strukturalnych z analizy monokrysztatow
(TEZZUV, TIBBAJ, TIBBEN, XEYDIQ, XERTET), pozwala na stwierdzenie, ze otrzymano
nowe fazy. Z kolei zestawienie dyfraktogramoéw dla probek o roznej stechiometrii
sktadnikow uzytych w syntezie kompleksu, wykazuje zar6wno zmienng strukture faz
krystalicznych — jak w 3-CD + a-pinen (Rys. 2b) — jak i stabilng budowg np. kompleksu
B-CD + S-karwon (Rys. 3b).

Widma FTIR: B-CO + o-Pinen § o

(@) (b)
Rys. 2. Widmo IR (a) i dyfraktogram (b) dla kompleksow inkluzyjnych B-CD + o-pinen.

Widma FTIR; B-CD + 5-(+)-Karwon Eowd

(b
Rys. 3. Widmo IR (a) i dyfraktogram (b) dla kompleksow inkluzyjnych B-CD + S-karwon.
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Mn(I1I) COMPLEXES WITH IN SITU FORMED
OXAZOLINE LIGANDS: CRYSTAL STRUCTURE
AND HIRSHFELD SURFACE ANALYSIS

Anna Kozakiewicz-Piekarz!, Maja Mielcarz!, Neda Heydari?, Rahman Bikas?

I Department of Biomedical and Polymer Chemistry, Faculty of Chemistry, Nicolaus
Copernicus University in Torun, 87-100 Torun, Poland
2 Department of Chemistry, Faculty of Science, Imam Khomeini International
University, 34148-96818, Qazvin, Iran

Transition metal complexes, particularly those based on manganese, have
attracted considerable attention due to their versatile redox properties and applications
in catalysis and organic transformations. In parallel, oxazoline-containing compounds
represent an important class of heterocycles widely used in coordination chemistry and
catalysis. Therefore, the development of new synthetic routes combining these two
areas remains of significant interest [1-3].

This work presents the synthesis, structural characterization, and Hirshfeld
surface analysis of two new Mn(Ill) complexes derived from a Schiff base ligand
bearing  alcohol  functionalities. = The  ligand (H3L), obtained from
2-hydroxybenzaldehyde and 2-amino-2-(hydroxymethyl)propane-1,3-diol, was confirmed
by spectroscopic methods and single-crystal X-ray diffraction [4].

Reaction of the ligand with Mn(II) salts in methanol led to the formation of two
complexes: [Mn(H2L)2(CH3;OH)CI] (1) and [Mn(H2L")2(CH30H)0.81(H20)0.19Br] (2).
X-ray analysis revealed that both compounds exhibit similar distorted octahedral
geometries around the Mn(IIl) center, consistent with the Jahn-Teller effect. The
molecular structure of complex 1 is shown in Figure la, illustrating the coordination
environment of the metal center. The main structural difference between the complexes
arises from the nature of the coordinated halide ligand, as confirmed by the structure of
complex 2 (Figure 1b).

Hirshfeld surface analysis was used to investigate non-covalent interactions and
the contribution of weak contacts to the crystal packing of complexes 1 and 2 using
dhorm. In the dnorm surface, there are three color regions (blue, white, and red) according
to the electron density in the crystal structure. The red region with high electron density
indicates close proximity; the white region shows medium proximity; and the blue
region indicates little proximity of the outer atoms in the crystal structure. According to
the dnorm surface (Figure 2), the red areas are assigned to the hydrogen bond
interactions, such as O—H---O, C—H:---O and O—H:--Cl interactions in the structure of
complex 1 and O—H:--O, C—H---O, O—H---Br and H:--H interactions in the structure of
complex 2.
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Fig. 1. (a) Molecular structure of [Mn(H,L")>(CH30H)CI] (1); pink dashed lines show intramolecular
O — H---Cl hydrogen bond interactions. (b) Molecular structure of the major component in the crystal of
complex 2; the atoms in the minor components of the disorder are not shown for clarity.

O—H---0 O—H---Br

Fig. 2. Hirshfeld surface analysis mapped by dnom for (a) complex 1 and (b) complex 2.

A key finding of this study is the in situ transformation of the initial Schiff base
ligand into a new ligand containing an oxazoline ring. This process occurs during
complex formation via intramolecular cyclization followed by oxidation. In contrast to
conventional methods requiring strong oxidants and multi-step procedures, the
transformation proceeds under mild conditions, promoted by the manganese ion in the
presence of molecular oxygen.

These findings highlight the dual role of Mn(III) complexes as both catalysts and
promoters of ligand transformation. Moreover, the ability to generate oxazoline rings in
situ under mild conditions offers a promising, environmentally friendly approach to the
synthesis of heterocyclic compounds.
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RARE EARTH COMPLEXES FOR RECYCLING OF
POLYCARBONATE WASTE

Adrian Kowalinski'!, Rafal Petrus!, Tadeusz Lis?

! Faculty of Chemistry, Wroctaw University of Science and Technology,
Smoluchowskiego 23, 50-370 Wroctaw
2 Faculty of Chemistry, University of Wroclaw, F. Joliot-Curie 14, 50-383 Wroctaw

Rare earth element coordination compounds have become essential catalysts in
organic chemistry, primarily acting as water-tolerant Lewis acids with tunable acidity
and flexible coordination numbers. Their strong electron-accepting ability allows for
efficient substrate activation across a wide range of transformations, from Diels-Alder
and aldol reactions to homogeneous C—H functionalization [1], polymerization [2] or
polymer recycling [3]. A key advantage of RE catalysts is their ability to simultaneously
coordinate both the substrate and nucleophile, enabling efficient cleavage of stable
bonds under mild conditions. However, while simple RE compounds are widely
studied, homogeneous multimetallic and heterometallic systems remain largely
underexplored. The reactivity of such heterometallic complexes often outperforms their
homometallic counterparts.

In our studies we developed an approach for the synthesis of homometallic and
heterometallic rare earth complexes via the reaction of zinc aryloxide precursors
[Zn4(L)s] or [Zn4(p3-OMe)2(L)s] with RECl3 as summarized in Figure 1.
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Fig. 1. Synthesis of [REZn,(L)4Cl3X,], and [REo(ps-OH)(13-OH)s(L)16]X type complexes.

Compounds [NdZnx(L)sClz(HOMe),] and [SmZny(L)sClz3(HOMe),] were
isolated as single crystals containing additional coordinated MeOH molecules, which
caused a significant structural change in the Zn,O4RE core (Figure 2). The process of
forming such complexes likely involve the disintegration of heterometallic compounds
[REZny(L)4Cl3X,] via ZnCl> elimination, followed by chloride migration and the
formation of [REZna(L)4Cls]", [Zn(ROH)s]*" and [REo(pa-OH)2(p3-OH)s(L)16]" ions, the

67 Konwersatorium Krystalograficzne, Warsztaty
i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 24-26 VI 2026 199



B-34

last of which can be found as either as which were identified as ionic compounds
[REo(us-OH)2(u3-OH)s(L)16][REZn2(L)4Cls]  (for Tb, Yb) or [REo(us-OH)o(ps-
OH)3(L)16]Cl (for Ho, Er) [4]. Those complexes adopt a sandglass-shaped motif in
which nine RE™ ions are stabilized by two ps-OH and eight u3-OH bridges, along with
sixteen methyl salicylate ligands. These cations consist of two square pyramidal units
sharing a common apex at the RE1 center and rotated relative to each other by
approximately 45°.

Fig. 2. Molecular structures of [NdZn»(L)sCl3(HOMe)] and [Tbo(ps-OH)2(p3-OH)s(L)16]C1 complexes.

These homometallic and heterometallic rare earth aryloxides served as catalysts
in the alcoholysis of post-consumer polycarbonate with n-butanol. The catalysts
successfully drove the progressive depolymerization of PC via successive carbonate
bond cleavage, ultimately yielding bisphenol A (I, BPA), di-n-butyl carbonate (I, DBC)
and intermediate species III and IV, as pictured in Figure 3.

]
HO OH HO o)ko"su
| m
o cat., n-BuOH (BPA)
—_—
o o
o o o
" )k )k
"BuO O"Bu "BuO (o] O O"Bu
v

]
(DBC)

Fig. 3. Alcoholysis of polycarbonate using n-BuOH.
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ROWNOWAGA HYDRATACYJNA W ROZTWORACH
Er(II) - NTA - H:O

Paulina Kielian, Marcin Ziobro, Rafal Janicki

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

Réwnowagi hydratacyjne petnig kluczowg role w obrazowaniu medycznym metoda
magnetycznego rezonansu jadrowego (MRI). Metoda ta umozliwia uzyskiwanie obrazéw
narzgdow wewngtrznych w oparciu o mechanizm relaksacji protondéw czasteczek wody po
uprzednim przylozeniu zewnetrznego pola magnetycznego. Powszechnie stosowane srodki
kontrastowe, ktére w znacznym stopniu poprawiaja jako$¢ uzyskanych obrazéw, to czesto
zwigzki kompleksowe jonéw gadolinu(IIl) z ligandami poliaminopolikarboksylowymi [1].

W niniejszej pracy zbadano rownowagi hydratacyjne w roztworach zwiazkéw erbu(I1I)
z ligandem nitrylotrioctanowym. Jon Er(Ill) charakteryzuje si¢ bogatym widmem
elektronowym ze wzglgedu na obecno$¢ przejs¢ f-f w zakresie 1200 — 200 nm. Co wigcej
poprzez doboér odpowiedniego kationu koniecznego do neutralizacji tadunku ujemnego anionu
kompleksowego [Er(NTA),]*~ mozna otrzyma¢ zwigzki o réznych liczbach koordynacyjnych
— [Ex(NTA)]* (LK. 8) oraz [Er(NTA)(H20)]*" (L.K 9). Otrzymano nastepujace zwigzki
1 okreslono ich struktury krystaliczne: K3[Er(NTA)2(H20)]-5H20 (uktad jednosko$ny, grupa
przestrzenna Cc, a = 15,266(2), b = 12,836(2), ¢ = 26,0693) A, B = 95,98(10)°),
[C(NH2)3]3[Er(NTA),]-2H20 (ukfad trojskosny, grupa przestrzenna P1, a = 9,614(10),
b = 9,800(10), ¢ = 15,176(2) A, a = 104,83(10), p = 90,75(10), y = 90,25(10)°),
[NH4]5[Er(NTA).] (uktad trygonalny, grupa przestrzenna R3, a = 7,906(10), b = 7,906(10), c =
54,072(9) A, o =90, =90, y = 120°). Aniony kompleksowe przedstawia ponizszy rysunek.

(A) (B) ©)
[Er(NTA)2(H.0)]* [Er(NTA)]* [Er(NTA)]*~

Rys. 1. Aniony kompleksowe w zbadanych zwiazkach (A) K3[Er(NTA)2(H20)]-5H,0;
(B) [C(NH2)3]3[Er(NTA)2]-2H>0; (C) [NH4]3[Er(NTA).].

Przeprowadzono pomiary spektroskopowe monokrysztatow i roztwordw oraz wyznaczono
parametry termodynamiczne AS, AH i AG reakc;ji:

[Er(NTA),H,0]3~ 2 [Er(NTA),]3~ + H,0.
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WPYLW PROMIENIA Ln(III) NA STRUKTURE ZWIAZKOW
TYPU Ln(IlI)-CDTA-WEGLAN

Marcin Ziobro, Rafal Janicki

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

[ chiny
N | |Rosja
[ ey [ Malezja
A | \\ p \ st \ =] Pozostate
/ 24.5% 30.6% L \ ‘\
f \ \\. 22% \ 2%,
| | !
e | ‘_f—’f_7 } ‘l
\ 6% \ 6.1% J
% A
A A
\\\.40.3% Y \\aa.g% Y
2022 2023

Rys. 1. Gtowni importerzy Metali Ziem Rzadkich w latach 2022-2025 [1].

W imporcie pierwiastkow ziem rzadkich (REE — ang. Rare Earth Elements) do
Unii Europejskiej dominujg trzy kraje, Chiny Rosja oraz Malezja, ktorych taczy udziat
w latach 2022-2025 wynidst okoto 95%. W celu ograniczenia zaleznosci UE od importu
tych surowcéw konieczne jest opracowanie metod rozdziatlu, ktére beda jednoczesnie
efektywne ekonomicznie, i co rownie istotne, beda charakteryzowac si¢ minimalnym
wplywem na $rodowisko naturalne. Wsrdd obecnie stosowanych technik rozdzial REE
dominujg ekstrakcja rozpuszczalnikowa oraz chromatografia. Kazda z tych metod
obejmuje liczne warianty technologiczne, jednak ich wsp6lng cechg jest wysokie zuzycie
rozpuszczalnikOw organicznych [2]. Podejmowano réwniez proby opracowania metod
opartych na krystalizacji. Badania te prowadzono gtéwnie pod katem doboru
odpowiedniego rozpuszczalnika [3,4], nie wchodzac w problematyke subtelnych rdznic
struktur zwigzkéw w ciele statym i w roztworze. Ze wzglgdu na znaczne podobienstwo
wlasciwosci  chemicznych  lantanowcow, zaproponowanie  zwigzkéw,  ktore
wykazywatyby istotne rdéznice w rozpuszczalnosci, jest zadaniem trudnym. Jak wynika
z naszych dotychczasowych badan obiecujaca grupa sa trojsktadnikowe zwigzki
kompleksowe lantanowcow z ligandami N- i O-donorowymi.

Glownym celem przeprowadzonych badan bylo otrzymanie zwigzkow
trojsktadnikowych typu Ln(III)-CDTA-weglan 1 wyznaczenie ich struktury krystaliczne;.
Zidentyfikowano dwa typy zwigzkéw kompleksowych: [Ln(CDTA)(COs3)]*” (Ln = La,
Ce, Pr, Nd, Nd, Sm, Eu) oraz [Ln(CDTA)(COs):]>" (Ln = Gd, Tb, Dy, Ho, Er, Tm, Yb).
Otrzymane zwiazki wykazujg zroznicowang rozpuszczalno$¢, co wskazuje na ich
potencjalne zastosowanie w opracowaniu krystalizacyjnej metody rozdzialu jonow
Ln(III) z roztworow wodnych.
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TOWARDS DISCOVERING THE CRYSTAL STRUCTURE OF
ANTIVIRAL VIDARABINE MONOPHOSPHATE AND
ANTICANCER CYTARABINE MONOPHOSPHATE

Oskar Kaszubowski, Katarzyna Slepokura

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

Vidarabine monophosphate (ara-AMP) and cytarabine monophosphate
(ara-CMP) are synthetic analogues of the natural nucleotides adenosine monophosphate
(AMP) and cytidine monophosphate (CMP). In these analogues, the D-ribose has been
replaced with D-arabinose (Fig. 1). Ara-AMP is primarily effective against herpes
viruses [1]. However, it is used less frequently nowadays due to its poor water solubility
and numerous side effects [2]. In contrast, ara-CMP remains widely used in oncology,
primarily to treat leukemia [3,4].

NH, NH, NHa NH,
N = N = =N Y
i ¢TI i T ) 2 DS 0 DS
HO-P—0 NT™N HO-P—0 NTN HO-P—0 N o HO—P—0 N0
OH (o] OH o] OH (o] OH (o)
HO
HO
HO OH HO HO OH HO
AMP ara-AMP CMP ara-CMP

Fig. 1. Chemical structures of AMP and CMP nucleotides and their analogues, ara-AMP and ara-CMP.

Despite their longstanding use in medicine, the solid-state structures of these
systems remain poorly understood. In the case of ara-CMP, only one crystal form is
known: the trihydrate. Its structure was deposited in the Cambridge Structural Database
46 years ago [5]. Surprisingly, no crystal structure of ara-AMP has been described in
the literature.

During crystallization from water, a 3.6-hydrate of ara-AMP was obtained,
which was then converted to a monohydrate through thermal dehydration. Additionally,
two sodium salts with different water content and crystal architecture were identified.
The known trihydrate and its isomorphous water-methanol solvate, as well as a hydrated
ammonium salt were obtained in the case of ara-CMP. All forms were characterized in
terms of crystal architecture, intermolecular interactions and conformations of the
ara-AMP and ara-CMP units (Fig. 2).

The presented crystals constitute some of the first structural reports on these
systems and allow for the identification of preferred structural motifs of nucleotide
analogues in the solid state. Of particular interest are the sodium salts of ara-AMP,
which exhibit significantly enhanced solubility in water compared to crystals of this
compound in its acid form. This finding may offer a solution for improving the
bioavailability of this drug.
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Fig. 2. Architecture of the obtained crystals. The sodium and ammonium ions are marked as big turquoise
and blue spheres, respectively. Disordered water molecules are marked transparently. Hydrogen
atoms have been omitted for clarity.
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STRUKTURA MOLEKULARNA I KRYSTALICZNA NOWYCH
4-PODSTAWIONYCH POCHODNYCH 1-BENZENOSULFONYLO-
(TIO)SEMIKARBAZYDU O POTENCJALNEJ AKTYWNOSCI
BIOLOGICZNEJ

Zbigniew Karczmarzyk!, Katarzyna Dul?, Waldemar Wysocki!, Monika Pitucha?

! Instytut Nauk Chemicznych, Uniwersytet w Siedlcach, ul. 3 Maja 54, 08-110 Siedlce
? Samodzielna Pracownia Radiofarmacji, Uniwersytet Medyczny w Lublinie,
ul. Chodzki 4a, 20-093 Lublin

Pochodne semikarbazydu i tiosemikarbazydu stanowig istotng grupe azotowych
zwigzkow organicznych o szerokim spektrum aktywnos$ci biologicznej, obejmujacym
dzialanie = przeciwnowotworowe,  przeciwwirusowe,  przeciwgruzlicze  oraz
przeciwdrgawkowe [1,2]. Z kolei zwigzki sulfonowe latwo ulegaja roéznorodnym
modyfikacjom strukturalnym, co znaczaco zwicksza zakres ich zastosowan w wielu
dziedzinach chemii; w szczegdélnosci w chemii medycznej oraz w projektowaniu
nowych substancji o pozadanej aktywnosci biologicznej [3].

Jako kontynuacj¢ naszych badan strukturalnych nad pochodnymi semi-
1 tiosemikarbazydu prezentujemy strukture krystaliczng i molekularng czterech nowych
4-podstawionych pochodnych 1-benzenosulfonylo(tio)semikarbazydu (Schemat 1;
X =S, R =3-Cl, 3-Br; X = O, R = 2-Br, 2,4-Cl). Zwiazki te otrzymano w wyniku
reakcji hydrazydu kwasu benzenosulfonowego z odpowiednimi izotiocyjanianami lub
izocyjanianami, co pozwolilo na uzyskanie serii analogéw rdznigcych si¢
wlasciwosciami elektronowymi podstawnikow.

X

AN R
\N N

<
l\o HC H
(0]
Schemat 1

Badania metodami rentgenowskiej analizy strukturalnej monokrysztatéw miaty
na celu potwierdzenie zaktadanego przebiegu syntezy oraz struktury molekularnej
badanych zwigzkéow, a takze analiz¢ wplywu modyfikacji strukturalnych
semikarbazydow 1 tiosemikarbazydow, w szczegoélnosci obecno$ci ugrupowania
sulfonowego, na ich wilasciwosci fizykochemiczne oraz potencjalng aktywno$¢
biologiczna.
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I1ZOKOFEINA NIE JEST JUZ MONOMORFICZNA
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Metodg obliczeniowa do przewidywania form polimorficznych zwigzkéw
organicznych jest CSP (ang. Crystal Structure Prediction, dost. przewidywanie struktur
krystalicznych), wykorzystujace odpowiednie algorytmy do stworzenia tzw. krajobrazu
energii krystalicznej, na ktorym o$ x odpowiada na og6t gestosci, o y energii krysztahu,
a wszystkie pojedyncze punkty to potencjalne polimorfy. Jest to metoda teoretyczna,
dlatego moze ona co najwyzej zasugerowac¢ prawdopodobienstwo wystapienia innych
niz dotad obserwowane form krystalicznych, jednak powszechnie wykorzystuje si¢ ja
do odpowiedzi na pytanie: czy warto jest inwestowa¢ czas i finanse do poszukiwania
nowych form danego zwiazku?

W 2011 roku, Matthew Habgood opublikowat artykul, w ktérym przedstawione
zostaly dwa krajobrazy energetyczne CSP dla kofeiny [Rys. 1A] oraz izokofeiny [Rys. 1B].
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Rys. 1. Krajobraz energetyczny dla kofeiny (A) oraz izokofeiny (B). Kazdy punkt odpowiada
potencjalnemu krysztatlowi o danej energii sieci krystalicznej. Kotkiem oznaczono znane
eksperymentalnie forme II kofeiny (A) oraz jedyna znang strukturg izokofeiny (B) [1].

Jak mozna zaobserwowac, potencjalne struktury krystaliczne kofeiny, dla ktorej
znanych jest kilka form polimorficznych, zlokalizowane sa stosunkowo blisko
eksperymentalnie obserwowanej formy II (réznica energii pomiedzy nimi jest
niewielka), podczas gdy na drugim krajobrazie obserwuje si¢ znaczng przerwe
energetyczng pomiedzy eksperymentalng strukturg krystaliczng izokofeiny a jej
potencjalnymi polimorfami. Na tej podstawie stwierdzono, iz izokofeina jest
najprawdopodobniej zwigzkiem monomorficznym [2]. Przeprowadzone przez nas
doktadniejsze obliczenia podwazyly ten wniosek, co potwierdzity eksperymenty.

Izokofeing otrzymalismy w wyniku reakcji alkilowania teofiliny za pomoca
siarczanu dimetylu po uprzednim zabezpieczeniu uprzywilejowanej pozycji 4 grupa
cyjanoetylowa. Dla tak otrzymanego produktu przeprowadziliSmy krystalizacje
z szeregu rozpuszczalnikow, m.in: metanolu (w 68°C), DMF (w 140°C), acetonitrylu
(w 90°C) oraz wody (w 100°C). W wyniku przeprowadzonych eksperymentow
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otrzymalismy dwie formy krystaliczne réznigce si¢ od formy komercyjnej, co
przedstawia ponizszy dyfraktogram [Rys. 2]. TGA wykazato, ze jedna z nich,
krystalizowana z metanolu lub DMF, nie zawiera w sieci krystalicznej czasteczek

rozpuszczalnika, za§ w drugiej utrata masy wskazuje na obecnos¢ dwoch czasteczek
wody.

|zokofeina DMF
|zokofeina woda
|zokofeina metanol
|zokofeina komercyjna
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Rys. 2. Dyfraktogram PXRD dla izokofeiny komercyjnej, krystalizowanej z DMF, metanolu i wody.
Pomiar przeprowadzony w dyfraktometrze Empyrean, przy uzyciu programu Data Collecotr; wizualizacja
w programie Data Viewer (Malvern Panalytical).

Forma II izokofeiny krystalizuje w grupie P-1 z trzema czasteczkami

w niezaleznej czg$ci komorki elementarnej (Z°=3). Jej porOwnanie ze znang stukturg
przedstawia Rys. 3.

Rys. 3. Struktura formy I (A) oraz II (B) izokofeiny. Wizualizacja przy uzyciu programu Mercury
(Cambridge Crystallographic Data Centre).
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DESIGN AND STRUCTURAL CHARACTERIZATION OF
A METAL-ORGANIC COMPOUND FOR PROSPECTIVE
BIOMEDICAL APPLICATIONS
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The development of advanced polymers and metal—organic frameworks (MOFs)
continues to attract significant interest due to their potential applications in drug delivery,
disease treatment, and the improvement of patient outcomes. At the same time, the
growing challenge posed by pathogenic microorganisms highlights the need for
innovative materials with antiviral and antibacterial activity. In this context, the design
and structural characterization of new metal-organic architectures are essential for
understanding how molecular arrangement influences biological function.

Here, we present a newly synthesized compound with a three-dimensional
framework constructed from 1,3,5-triaza-7-phosphaadamantane-7-sulfide and metal-
organic linkages. Crystallographic analysis provides detailed insight into its structural
organization, revealing features that may be associated with its prospective biological
activity and applications. Furthermore, the products obtained are strongly influenced by
mechanochemical synthesis parameters, including grinding time and solvent content,
which govern the formation of distinct crystalline phases. These structural variations
broaden the range of potential therapeutic applications and contribute to the development
of new materials for the treatment of select diseases and pathological conditions.
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STRUCTURAL AND UV-VIS CHARACTERIZATION OF
ARSENIC{II) PHTHALOCYANINE

Jan Janczak

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

Phthalocyanine and its metal complexes have been known for several decades
and are still of great interest due to their versatile applications as dyes and pigments,
materials for nonlinear optics, optical data storage, solar cells, charge-generating
materials for photocopiers and laser-printers, electrochromic displays, photosensitizers
for solar cells and photocatalysts, light organic emitting diodes (OLED),
semiconductors and synthetic metals [1]. Strong and intense absorption of light by metal
phthalocyanines in the so-called therapeutic window, namely in the red region of visible
light (600-900 nm), proved to be promising for photodynamic cancer therapy (PDT) in
which they can be used as photosensitizers [2].

The physical and chemical properties of metallophthalocyanines are varied and
related to the structure of macrocyclic ligands with extensive delocalization of the
n-electron system, as well as to the central metal. Due to the importance of
metallophthalocyanines, their investigation was carried out since the beginning of the
20th century and covered almost all metallic/non-metallic elements, but group 15
elements, unlike porphyrins analogs, were essentially ignored. The first reports on
phthalocyanines of group 15 concern bismuth(IIl) and antimony(V) phthalocyanines in
the mid-90s and concerned spectroscopic research and some studies on phosphorus(V)
phthalocyanines. Spectral investigations on arsenic(Ill) phthalocyanine derivatives are
still very rare, however, there are currently a few reports on structural studies and some
properties of a solid state [3]. The variable valency of these metals, including arsenic,
depending on the reaction conditions (As™ or As¥ and quite rare compounds of As') can
lead to the formation of various AsPc derivatives. AsPc similarly to SbPc derivatives
may be promising candidates for new drugs because they are strong electron
donors/acceptors, and similar to SbPc derivatives can readily convert to III/V
derivatives under mild conditions [4].

Here, we report synthesis and X-ray structural and spectral characterization of
a novel arsenic(Ill) phthalocyanine complex, [(AsPc)I]2(Assls) — (1), obtained under
iodine vapor atmosphere. This arsenic(IIl) phthalocyanine complex is a unique example
of arsenic phthalocyanine complex in which in both parts of the complex the arsenic is
in different oxidation state: As>" in (AsPc)” unit and As'* in a neutral molecule Asels.
In the crystal the arsenic phthalocyanine (AsPc¢)" unit is non-planar, the arsenic(III)
protrudes out of the cavity by 0.7699(12) A, forming a saucer shape of Pc unit. The
neutral, unique Asel¢ molecule is centrosymmetric in which there are six As'" joined
together to form a six-membered ring Assls in the chair conformation that is rendered
dianionic Asels®* by the ps-iodide anions that cap both faces of the ring (Figure 1).

UV-Vis absorption spectra of 1 were taken in CH2Cl, and toluene solutions in
the concentration range from 8x107 to 10 mol/l. No significant changes related to
aggregation in solutions were observed (Figure 2a, b).
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Fig. 1. (a) Molecular structure of [(As™Pc)I]2(Asels) and (b) crystal packing of [(As"™Pc)I]2(Asels).

Oxidation of [(As™Pc)I]2(Asels) yields AsYPc derivative (Figure 2c). Both As'™
and AsY phthalocyanine derivatives absorb near infrared light (600-900 nm) which
should be intriguing with the point of view of potential use as an infrared cut filter for
plasma display and silicon photodiodes as well as materials showing strong electron
donors/acceptors properties.
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Fig. 2. UV-Vis absorption spectra of [(As™Pc)I]2(Asels) — 1 in CH>Cl, (a) and in toluene (b) and spectral
changes during the oxidation of (AsPc)2(Asels) in CH2Cl,.
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STRUKTURY KRYSTALICZNE ZWIAZKOW
KOORDYNACYJNYCH SREBRA()
Z. POCHODNA ZASADY SCHIFFA

Agata Bialonska, Zofia Hajdaczuk

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

Zwiazki koordynacyjne pochodnych 1,2,4-triazolo-4-aminy ciesza si¢ sporym
zainteresowaniem ze wzgledu na znaczny potencjat koordynacyjny triazoli, co
umozliwia tworzenie zwigzkow w postaci krystalicznej o zréznicowanej budowie
i wlasciwosciach [1,2]. We weczesniejszych latach opisano, w szerokim zakresie,
struktury krystaliczne zwigzkow koordynacyjnych miedzi(I) z pochodnymi 1,2.4-
triazolo-4-aminy z zasada Schiffa oraz ich zdolno$¢ do wymiany czasteczek goscia
[3,4]. Materialy porowate zwiazkéw koordynacyjnych, ktére wykazuja takie
wlasciwosci, znajduja szerokie zastosowanie w katalizie heterogenicznej [5], separacji
1 magazynowaniu gazoéw [6], rozdziale molekularnym [7].

Bioragc pod uwage te doniesienia, zasadne wydaje si¢ dalsze poszukiwanie
nowych uktadow koordynacyjnych na bazie pochodnych triazolu, szczegdlnie
w konteks$cie ich zdolnosci do tworzenia struktur zdolnych do wymiany czasteczek
goscia.

W  wyniku reakcji tetrafluoroboranu srebra(I) z N-[(E)-(4-bromofenylo)-
metylideno]-4H-1,2,4-triazolo-4-aming  (4BrPhatrz), w zmiennych stosunkach
molowych, otrzymano kilka zwigzkéw koordynacyjnych o rdéznych strukturach
krystalicznych. Ich wspolng cechg jest obecno$¢ dwurdzeniowych jednostek
koordynacyjnych, w ktérych kationy srebra(l) tacza si¢ za pomoca dwoch ligandow
4BrPhatrz w sposob mostkowy. Jednocze$nie 4BrPhatrz koordynuje rowniez
monodentnie, co sprawia, ze jednostki przybierajg ksztatt litery X (Rysunek 1). Taka
budowa jednostek koordynacyjnych warunkuje powstanie jedno- lub dwuwymiarowych
kanatéw, w ktorych znajdujg si¢ aniony tetrafluoroboranowe Ilub heksafluoro-
krzemianowe oraz czasteczki rozpuszczalnika. Obecno$é anionéw SiF¢* wynika
z reakcji ze szktem anionow BFy4".
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Rys. 1. Rysunek dwurdzeniowej jednostki koordynacyjnej [Ag2(4BrPhatrz)4]*".
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Na posterze zostang zaprezentowane struktury krystaliczne, charakteryzujace si¢
obecnoscig kanaléw lub luk oraz zmiany zachodzace w tych strukturach po wymianie
czasteczek goscia.
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SOLVENT EFFECT ON THE TAUTOMERIC AND
CONFORMATIONAL EQUILIBRIUM IN THIAZOLIDINONES
USED AS SCAFFOLDS IN DRUG DESIGN
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The tautomeric-conformational equilibrium in thiazolidinones was discovered
Figs. 1, 2, 3). Two isomeric compounds, 2-phenylamino-1,3-thiazol-4(5H)-one (1) and
4-phenylamino-1,3-thiazol-2(5H)-one (2), were studied to elucidate the structural
changes associated with prototropic tautomerism in the amidine system using
experimental and theoretical methods. The investigated compounds were found to exist
in the solid state (crystallization from DMF solutions) exclusively in an amino tautomeric
form, in which the exocyclic N atom has amine character, while the endocyclic N atom
has imine character. In the solid, the phenylamine residue of 1 assumes an antiperiplanar
conformation with respect to the thiazolone system. However, in the solution, molecules
of 1 exist in amine and imine tautomeric forms, as well as in anti- and synperiplanar
conformations. The situation is different for 2, where the phenylamino residue is arranged
in a synperiplanar orientation relative to the thiazolone system in both the solid phase and
in DMSO solution. We analyzed isomeric compounds in terms of resonance effects.
Additionally, we discussed molecular and vibrational structure, intermolecular
interactions in crystals, crystal packing density, and the supramolecular architecture of
crystals.

C‘( Cs 51

Fig. 1. ORTEP view of the molecules of (a) 1 and (b) 2 showing the atomic labeling schemes.
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Fig. 3 Chemical shifts for the H and C atoms of compound 2.
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CRYSTAL ENGINEERING OF MULTICOMPONENT
CRYSTALLINE PHASES WITH CHALLENGING COFORMERS:
FIRST CO-CRYSTALS WITH HYDROXYUREA
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Wydziat Chemii, Uniwersytet Jagiellonski w Krakowie, ul. Gronostajowa 2,
30-387 Krakow

Hydroxyurea is known as a drug showing anti-tumor activity, used to treat
various cancer diseases [1]. The low stability of the hydroxyurea in an aqueous
environment has also been noticed in the literature [2], indicating the need for further
studies. Hydroxyurea is also an interesting molecule for engineering new
multicomponent pharmaceutical solids, as it is composed of functional groups with high
propensity to form directional hydrogen bonds. Additionally, its high solubility in water
is a promising advantage for pharmaceutical cocrystallization. Despite this, no
multicomponent crystalline phases with hydroxyurea are known in the Cambridge
Structural Database, even though some trials to obtain co-crystals with this coformer
were described in literature, leading only to obtain new polymorphic form [3].

We obtained two new co-crystals with hydroxyurea: with metacetamol (HuMet)
and L-tartaric acid (HuTart). The structures of both materials were determined using a
single-crystal X-ray diffraction study and were compared with each other to understand
the tendencies for cocrystallization, especially the conformation similarities/differences
and the formation of supramolecular synthons (Fig. 1). The results were also referred to
the two known polymorphic forms. For the deeper analysis of the molecular behavior of
hydroxyurea in the solid state, experimental and theoretical electron density studies
were performed for the first hydroxyurea polymorph and HuMet. The topological
analysis within the QTAIM [4] framework allowed for an in-depth analysis of the
preferences in the formation of intermolecular interactions by hydroxyurea. Based on
this study we can conclude that the components capable of forming multicomponent
solids with hydroxyurea are the ones that can complement or reinforce the hydroxyurea
self-satisfied hydrogen bond system [5].

HuMet HuTart

, Vv
72 "~ B e
7

Fig. 1. Supramolecular synthons formed by the hydroxyurea molecule in two co-crystals: with
metacetamol (HuMet) and with L-tartaric acid (HuTart).
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B-Diketones constitute an important class of multifunctional organic compounds
widely employed in coordination and supramolecular chemistry due to their versatile
coordination properties and structural tunability [1]. These systems exhibit keto—enol
tautomerism, which strongly influences their reactivity, coordination behavior, and
physicochemical properties. Upon deprotonation, [-diketones form stable
0,0'—helating ligands capable of coordinating a broad range of metal ions, enabling
the construction of coordination complexes, metalloligands, cages, polymers, and
extended supramolecular architectures. Owing to these features, B-diketonate-based
systems have attracted considerable attention in catalysis [2-4], encapsulation [5,6],
sensing [7], magnetism [8], luminescence [7, 9], and functional materials research.

COOH COOR R* OH O

R3 ™
2304 strong base Br R
THF
RZ

Fig. 1. Scheme of transformations leading to fluorinated B-diketone derivatives.

In this work, particular attention was devoted to the synthesis and structural
characterization of Br/F-substituted B-diketone derivatives bearing fluorine substituents
in different positions of the aromatic ring (Fig. 1). The introduction of bromine and
fluorine atoms was intended not only to modulate the electronic properties of the
ligands but also to create platforms suitable for the formation of supramolecular systems
governed by halogen bonding interactions. During the optimization of the synthetic
procedures, single-crystal X-ray diffraction, together with 'H NMR spectroscopy,
proved indispensable for the identification of reaction products. This enabled a detailed
understanding of the underlying reaction pathways and facilitated the rational
adjustment of reaction conditions toward the selective formation of the desired
compounds.

The Claisen condensation step proved to be the most challenging part of the
synthetic procedure, with the reaction outcome being strongly influenced by the nature
of the ester, the choice of base, and the reaction temperature. Careful pH control during
the extraction procedure was also crucial, as it enabled protonation of the B-diketonate
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species and efficient isolation of the neutral B-diketone form, whereas excessively high
pH led to hydrolysis of the B-diketone system.

Br
R2
R* OH O
3 R4
R X AIR* «
_——
Br R4
R2
R3 R4
Br R2

Fig. 2. Synthesis of an Al(IlI)-based metalloligand via functionalization of a Br/F-substituted
B-diketone precursor.

In the subsequent stage, the obtained ligands were functionalized with
aluminum(IIl) to generate metalloligands (Fig. 2) designed as precursors for the
construction of larger supramolecular architectures based on halogen interactions.
Particular attention was devoted to the choice of solvent, which proved to be a key
factor governing the course of the complexation process and the formation of the
desired metalloligands.
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WPLYW PRZYJETEJ SYMETRII NA UDOKLADNIENIE
ANOMALNYCH CZYNNIKOW ROZPRASZANIA
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Wyznaczenie anomalnych czynnikéw rozpraszania (anomalous dispersion
refinment - ADR) moze znaczaco poprawi¢ udoktadnienie struktury krystalograficzne;.
Polega ono na uwzglednieniu nieelastycznego rozpraszania, wystepujacego
w eksperymencie dyfrakcyjnym dla danej dlugosci fali, wyrazonego dla poszczegdlnego
atomu za pomocg czynnikow f* (cz¢$¢ rzeczywista) oraz £’ (cze$¢ urojona). Majg one
szczegolne znaczenie, gdy warto$¢ energii fali uzytej w pomiarze dyfrakcyjnym, znajduje
si¢ w poblizu progu absorpcji ktoéregos z atomow wchodzacych w sktad krysztatu. Jednak
ostatnie badania pokazuja, ze moga one stuzy¢ poprawie modelu struktury réwniez
daleko od progu absorpcji [1]. Wiadomo tez, ze modelowany na podstawie pomiaru
dyfrakcyjnego czynnik f° odpowiedzialny za cze$¢ absorpcyjng padajacego
promieniowania odwzorowuje rzeczywistg absorpcj¢ zmierzong za pomocg XAS (X-ray
Absorption Spectroscopy) [2]. Zatem oprdcz poprawy wspotczynnikéw udoktadnienia
struktury, uwzglednienie tych parametréw niesie obiecujagce mozliwosci, aby ze
zwyklego pomiaru krystalograficznego o dobrej rozdzielczosci uzyska¢ jak najwigcej
informacji o centrach metalicznych w badanej strukturze. Moze by¢ to bardzo uzyteczne
narzgdzie przy okreslaniu stopnia utlenienia i struktury elektronowej metali w zwigzkach
metaloorganicznych, materiatach funkcjonalnych, czy tez metaloproteinach [3]. Aby
wyciagnigte wnioski byty wiarygodne, nalezy lepiej zrozumie¢ jaki wptyw na wartosci
modelowanych parametréw maja zalozenia przyjete podczas rozwigzywania oraz
udoktadnienia struktury. Przyktadowo, zatoZenie $redniego potozenia atomu w pozycji
szczegolnej, gdy w rzeczywistoSci mamy do czynienia z nieporzadkiem, moze zaburza¢
warto$ci liczonych wspotczynnikow.

W niniejszej pracy poroOwnano wplyw obecnosci szczegdlnych elementow
symetrii na wyznaczane wartosci f° oraz f° w modelowym wysoko symetrycznym
klasterze oksocynkowym [Zns(14-O)(HNC(O)Ph)6].
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Nonsteroidal anti-inflammatory drugs (NSAIDs) constitute a widely used class of
pharmacologically active compounds employed in the treatment of pain, inflammation,
and fever. However, their clinical application is often limited by significant adverse
effects, including gastrointestinal, renal, and cardiovascular complications [1].
Aceclofenac (Hacl), a phenylacetic acid derivative, is a commonly prescribed NSAID
exhibiting anti-inflammatory and analgesic activity with improved gastrointestinal
tolerability compared to some classical drugs [2]. Nevertheless, its use may still be
associated with dose-dependent adverse effects, which motivates the search for modified
forms with improved safety profiles. In this context, metal coordination has emerged as
a promising strategy to modulate the physicochemical and biological properties of
NSAIDs, frequently leading to enhanced activity and reduced toxicity compared to the
parent drugs [3].

In this contribution, we report the crystal structure of a dinuclear copper(Il)
complex with aceclofenac [Cux(acl)s(H20)2]. The compound crystallizes in the
monoclinic space group P2i/n and features a characteristic paddlewheel-type core, in
which two Cu(Il) centers are bridged by aceclofenate ligands. Each metal center adopts
a five-coordinate, distorted square pyramidal environment defined by carboxylate oxygen
atoms and a terminal water molecule. The crystal packing is governed by an extended
hydrogen-bonding network involving coordinated water molecules and carboxylate
groups, which link discrete dinuclear units into a supramolecular architecture further
stabilized by weak intermolecular interactions.

Literature

[1] P. Jiao Yietal., PLoS ONE, 20(5) (2025) e0320379.
[2] G. Iolascon et al., J. Pain Res., 30(14) (2021) 3651.
[3] A.C.F. Santos et al., Int. J. Mol. Sci., 23 (2022) 2855.

67 Konwersatorium Krystalograficzne, Warsztaty
220 i Sesja Sekcji Mlodych Krystalograféw PTKryst, Wroctaw 24-26 VI 2026



B-48

COMPLEX POLYTYPISM BEHIND DIFFUSE SCATTERING AND
IMPACT OF THE LOCAL STRUCTURE ON THE JAHN TELLER
DISTORTION IN CusSO4(OH)s

Piotr Rejnhardt!, Wojciech A. Slawinski!, Jan Parafiniuk?, Szymon Sutula3,
Tomasz Por¢ba*, Mohamed Mezouar’, Pierre Fertey®, Krzysztof Wozniak!

I Faculty of Chemistry, University of Warsaw, Pasteura 1, 02-093 Warsaw, Poland
2 Institute of Geochemistry, Mineralogy and Petrology, Department of Geology,
University of Warsaw, Zwirki i Wigury 93, Warszawa 02-089, Poland
3 Centre of New Technologies, University of Warsaw, S. Banacha 2c, 02-097,
Warszawa, Poland
* Laboratory of Quantum Magnetism, Institute of Physics, 'Ecole Polytechnique
Féderale de Lausanne, Lausanne CH-1015, Switzerland
3 ID27 High-Pressure Beamline, European Synchrotron Radiation Facility (ESRF),
71lavenue des Martyrs, 38000 Grenoble, France
6 Synchrotron SOLEIL, L’ Orme des Merisiers, d epartementale 128,

91190 Saint-Aubin, France

Brochantite mineral, CusSO4(OH)s, is one of the most common basic copper salts
named after geologist A. J. M. Brochant de Villiers [1] and characterized by an emerald
green color (Fig. 1a). It is the product of the corrosion of copper metals and alloys. Its
layered structure leads to the formation of patina on monuments, such as the Statue of
Liberty, giving a characteristic green color [2,3]. It is the most frequent alteration product
in urban and industrial environments [4]. The mineral exhibits unique physicochemical
properties that are of great interest for several disciplines, leading to a wide range of
applications. CusSO4(OH)s shows promising activity against a variety of agronomically
relevant bacteria and fungi [5]. It has also been suggested that brochantite triggers the
degradation of organic pollutants [3]. Moreover, the neutron powder data revealed the
presence of ferromagnetic chains coupled antiferromagnetically within the brochantite
structure.

Brochantite consists of Cu-polyhedral chains along the c-axis, which are
connected to form sheets (Fig. 1c). The SO4* tetrahedra and hydroxyl groups link these
corrugated sheets to one another through Cu-O and hydrogen bonds (Fig. 1b, ¢). It leads
to a very complex crystal structure, consisting of stacking layers that can be organized in
many geometrically and energetically equivalent ways with respect to one another
(Fig. 1c, d). The effect demonstrates the Order-Disorder (OD) character of brochantite
and the possibility of different arrangements of neighboring layers. This results in the
existence of many brochantite polytypes, characterized by stacking faults. Polytypism
is a type of polymorphism in which different polytypes share the same structure of the
individual layers, whereas the layer-stacking motif differs. Surprisingly, although
brochantite can crystallize in many complex layered structures, only two known
polytypes have been reported to date. The first, MDO1, was determined in 1959 by Cocco
& Mazzi [6] using the mineral from Tsumeb (Namibia). They have confirmed the
monoclinic space group P21/a previously suggested by Palache in 1939 [7]. The second
polytype, MDO, was first derived by Merlino [4] for the sample from Capo Calamita
(Italy), which was described in the non-standard monoclinic space group P21/n11 to allow

67 Konwersatorium Krystalograficzne, Warsztaty
i Sesja Sekcji Mtodych Krystalograféw PTKryst, Wroctaw 24-26 VI 2026 221



B-48

an easier comparison between the two polytypes They suggested that both polytypes
(MDO; and MDQO>) can be distinguished by the intensity and positions of the reflections
with

[ = 2n+1 in the reciprocal space. They were also the first to observe diffuse scattering
across the aforementioned / = 2n+1 reflections in a well-defined (axis a) direction.
However, they did not determine the accurate position or site occupancy for the
disordered SO4* anions and did not interpret the origin of diffuse scattering along with
the occurrence of the complex twinning for brochantite.

Here, we present record-breaking 11 newly discovered polytypes of brochantite,
obtained from natural samples at both ambient and high-pressure conditions, using home-
lab X-ray diffraction along with synchrotron sources, and 3D electron diffraction.
As aresult, we determined the stacking sequences and/or site occupancies of SO4>" anions
for each newly discovered polytype. Moreover, for the first time, we showed that complex
polytypism and the local structure of presented stacking faults can impact the Jahn-Teller
distortions for the CuOg octahedra in brochantite structure.

a

Fig. 1. (a) Sample of brochantite mineral from Touissit, Morocco. Small pieces of this sample were
studied in this work. (b) Atomic arrangement within the unit cell of brochantite at room-temperature
conditions. (c) Layered crystal structure of the ordered MDO, polytype of brochantite mineral.
Yellow polyhedra represent SO4* anions.
(d) An individual layer within the brochantite crystal structure.
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Nowe fazy krystaliczne aktywnych sktadnikéw farmaceutycznych, takie jak sole
1 kokrysztaly, stanowig istotny obszar badan inzynierii krystalicznej. umozliwiajac
modyfikacje wtasciwosci fizykochemicznych lekow bez zmiany ich struktury chemicznej
[1-3]. Celem pracy bylo zaprojektowanie, otrzymanie i analiza strukturalna nowych faz
krystalicznych amrinonu - leku o dzialaniu inotropowym dodatnim, nalezacego do
inhibitorow fosfodiesterazy typu 3.

Jako potencjalne koformery wybrano zwigzki zawierajace grupg oksymowa, ktore
ze wzgledu na obecno$¢ donorowych i akceptorowych centrow wigzan wodorowych
moga uczestniczy¢ w tworzeniu stabilnych syntonéw supramolekularnych [4,5]. Pomimo
interesujgcych wilasciwosci strukturotworczych oksymy byty dotychczas stosunkowo
rzadko wykorzystywane w projektowaniu kokrysztatbw farmaceutycznych, co
dodatkowo uzasadnito wybor tej ciekawej klasy zwigzkow.

Dobor koformerow poprzedzono analiza map molekularnego potencjatu
elektrostatycznego MEP, oceng mozliwos$ci transferu elektronu na podstawie kryterium
ApKa oraz zastosowaniem zasad inzynierii krystalicznej, w tym koncepcji syntonow
supramolekularnych [6—8]. Przeprowadzono seri¢ krystalizacji amrinonu z wybranymi
oksymami, obejmujagcymi m.in. cyjano(hydroksyimino)octan etylu, pirydyno-2-
aldoksym oraz pochodne nitrobenzaldoksymu i nitrobenzamidoksymu.

W wyniku kokrystalizacji amrinonu z cyjano(hydroksyimino)octanem etylu
otrzymano nowy kokrysztal o stosunku stechiometrycznym 1:2. Analiza rentgenowska
monokrysztalu (SCXRD) wykazata obecnos¢ zlozonej sieci wigzan wodorowych oraz
dodatkowych oddzialywan niekowalencyjnych stabilizujacych strukture krystaliczna.
Uzupeiajagca analiza powierzchni Hirshfelda oraz wykreséw fingerprint pozwolita na
ilosciowe okreslenie udzialu poszczegélnych kontaktow migdzyczasteczkowych,
potwierdzajac dominujacg role wigzan wodorowych O---H/H---O i N---H/H---N oraz
istotny udziat oddziatywan n—r w stabilizacji sieci krystaliczne;.

Uzyskane wyniki pokazuja, ze oksymy, a w szczegdlnosci cyjanooksymy,
stanowi¢ efektywna klase koformerow w projektowaniu nowych form krystalicznych
farmaceutykow. Obserwowana zdolno$¢ tych zwiazkow do tworzenia konkurujacych
motywow oddziatywan podkresla ich potencjat w ksztaltowaniu architektury
supramolekularnej 1 rozszerza zakres narzedzi wykorzystywanych w inzynierii
krystalicznej substancji aktywnych.
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The aim of this study was to synthesise and determine the crystal structures
of a- and B-cyclodextrin inclusion complexes with hydroquinone and isonicotinamide
using X-ray structural analysis. We compared the crystal structures and differences
in the crystal packing (Fig. 1). We also performed energy framework calculations
to better understand the forces determining the packing of molecules in the crystal
lattice [1]. Analysis of the components of total energy (Ett), Coulomb energy (Eele) and
dispersion energy (Edys) helped us to investigate the contribution of electrostatic and
non-electrostatic interactions to the stabilisation of the crystal structures of the inclusion
complexes (Fig. 2).

(@) (b)

Fig. 1. Differences in arrangements of inclusion complexes of (a) a-cyclodextrin with isonicotinamide,
(b) B-cyclodextrin with isonicotinamide.

Fig. 2. Differences in arrangements of (a) total energy, (b) Coulomb energy, (c) dispersion energy, in one
of the obtained inclusion complex of a-cyclodextrin with isonicotinamide.
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Atomically precise silver nanoclusters ranging from 0.5 to 2 nm and containing
from a few to hundreds of metal atoms represent a new class of nanomaterials with
well-defined compositions. Because of their relatively small size, their energy levels are
well resolved, in comparison to much bigger (2-100 nm) metal nanoparticles, leading to
molecular properties such as photoluminescence (PL) dependent on the nanocluster size
[1]. Their PL properties find applications in fields such as bioimaging or even
photovoltaics [2].

In this work we present crystal structures for three types of silver nanoclusters:

o Ags S13 (StBu)s2 (CF3COO)4 crystalizing in P-1 spacegroup

o AgsoSi3(StBu) (CF3COO0)4 crystalizing in Fm-3c¢ spacegroup

o Agi1 S3(StBu)i7 (CF3COO)g crystalizing in P21212; spacegroup
obtained by means of single crystal X-ray diffraction.

Based on obtained structural models, we discuss their core-shell interactions and
attempt to connect them with their photophysical properties such as absorption and
emission spectra in solution.

The observed geometries and interatomic interactions present in these silver
nanoclusters depend on the reaction conditions. Studies on thr subject are important for
better understanding of mechanisms governing the cluster formation. This can provide
guidelines for future, more reliable synthetic protocols of nanoclusters with desired
photophysical properties.
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Due to its wide distribution in nature as a component of natural compounds,
including nucleic acids and many other synthetic active substances, pyrimidine has
become a well-known potent pharmacophore [1]. Pyridinopyrimidine derivatives are
known for their broad biological activity [2]and can be found in drugs commonly used
in medicine, including those with anticancer [3] and antimicrobial activities [4].

In our group, the group of 2-phenyl-6-methylpyrimidine-4-amine derivatives
studied so far, in most cases contained various aryl/alkyl groups substituted to the
amino group, moreover, the presence of the -OH group or the -C=N- bond in position 5
of the pyrimidine ring influences the increase of anticancer activity [5-7].

We have previously reported the synthesis, biological activity, and crystal
structures of two polymorphic forms of 4-methyl-2-phenyl-5H-pyrido[1,2-a]pyrimido[4,5-
d]pyrimidin-5-one (3) obtained by condensation of ethyl 4-methyl-2-phenyl-6-
sulfanylidene-1,6-dihydropyrimidine-5-carboxylate (1) with 2-aminopyridine [8]. The
structures of compounds with different substituents on the aryl ring of analogs of ethyl
4-anilino-6-methyl-2-phenylpyrimidine-5-carboxylate (2) have also been studied [9].
Here we present the structural characterization of the another compound, 4-(ethyl-
sulfanyl)-6-methyl-2-phenyl-N-(pyridin-4-yl)pyrimidine-5-carboxamide (4), resulting
from the unusual condensation of compound (1) with 4-aminopyridine. The crystal
structure analysis revealed that compound (4) belongs to the orthorhombic crystal
system with the P21212; space group, and crystallizes with two molecules in the
asymmetric part of the unit cell. In the structure of (4), molecules are connected to
others mainly by N—H---N interactions.

Additionally, here we also show the three-dimensional structures of starting
compound (1), which can occur in two tautomeric forms, thiol (ethyl 4-methyl-2-
phenyl-6-sulfanylpyrimidine-5-carboxylate) or thione (ethyl 4-methyl-2-phenyl-6-
sulfanylidene-1,6-dihydropyrimidine-5-carboxylate) (Fig. 1).

N H NH
P = T
N O NN O
| |
(0}

CH; O CH,

CH, CH,
Fig. 1. The tautomeric forms of compound (1): (left) tiol and (right) thion.
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It turned out that compound (1) exists in several polymorphic forms. The crystal
structure of the first polymorph of compound (1), herein referred to as (Ia), was
previously described by Cunha et al. (2007) [10], and shows that it crystallized in the
monoclinic space group P2i/c, with one symmetry-independent molecule in the
asymmetric unit, in its thionic form as a monohydrate. We obtained two new
polymorphs, denoted as (Ib) and (Ic¢), which are not hydrated. The same tautomeric
form of compound (1) was observed in the crystal structures of three polymorphs.
Polymorph (Ib) crystallizes also in the monoclinic space group P2i/c, with one
symmetry-independent molecule in the asymmetric part of the unit cell (Fig. 2). In the
structure of this polymorph, molecules are connected to others mainly by N—H--O
interactions. In contrast to them, it was found that polymorph (Ic) crystallizes in the
monoclinic space group P2i/n, with one symmetry-independent molecule in the
asymmetric unit, and adjacent molecules are connected to others mainly by N—H---S
interactions.

Fig. 2. The X-ray structure of polymorph (Ib), showing the atom-numbering scheme. Displacement
ellipsoids are drawn at the 50% probability level. H atoms are shown as small spheres of arbitrary radii.
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WALPROINOWEGO Z 1,10-FENANTROLINA I MIEDZIA
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Kwas walproinowy (VPA), znany rowniez jako kwas 2-propylopentanowy,
to krotkotancuchowy, rozgateziony kwas ttuszczowy. Jest to lek pierwszego rzutu
w leczeniu padaczki, skuteczny zard6wno w napadach uogolnionych, jak i czgsciowych.
Jest réwniez obiektem zainteresowania jako potencjalny lek w przebiegu zaburzen
afektywnych dwubiegunowych oraz w profilaktyce migrenowych bolow glowy.
Stosowanie VPA wymaga jednak czgsto wysokich dawek, co moze prowadzi¢ do
powaznych skutkow ubocznych, takich jak hepatotoksyczno$¢ czy teratogennoscé.
W celu poprawienia biodostepnosci leku przy rdwnoczesnym ograniczeniu podawane;j
pacjentowi dawki stosuje si¢ potaczenia kwasu walproinowego z m.in. metalami [1,2].

Jednym z testowanych w tym celu zwigzkéw kompleksowych jest potaczenie
kwasu walproinowego (VPA) z 1,10-fenantroling (phen) oraz miedzig [1]. W literaturze
opisano wlasciwos$ci takiego kompleksu, a jego struktura zostala wykorzystana przez
nas jako znana struktura modelowa. Powtarzajac wykonang przez zespdt badaczy
syntez¢ udato nam si¢ otrzyma¢ monokrysztaty, ktore nastepnie poddali§my badaniom
dyfrakcyjnym, co pozwolito na otrzymanie nizej przedstawionej struktury.

Rys. 1. Zwigzek kompleksowy [Cu(VPA)»(phen)].

W kolejnych probach sprawdzony zostal wpltyw stechiometrii reakcji na
otrzymywany produkt. Przy dwukrotnym zwigkszeniu ilosci 1,10-fenantroliny
zaobserwowana zostala zmiana w sferze koordynacyjnej, a otrzymana struktura zostata
pokazana na rysunku ponizej. Dla innych stechiometrii nie zaobserwowano zmian
strukturalnych.
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Rys. 2. Zwigzek kompleksowy [Cu(VPA)(phen),]CI.

Zmiana w wewnetrznej sferze koordynacyjnej wplynela na tadunek uktadu,
co spowodowato pojawienie si¢ atomu chloru w zewnetrznej sferze. Miato to roéwniez
wplyw na upakowanie przestrzenne krysztalu oraz zmiane¢ grupy przestrzennej C2/c dla
[Cu(VPA)(phen)] i Pccn dla [Cu(VPA)(phen):]Cl.
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FORMY KRYSTALICZNE AMRINONU:
MIEDZY PRZEWIDYWANIEM A RZECZYWISTOSCIA

Bartlomiej Bozek, Agnieszka Skorska-Stania

Zespot Inzynierii Krystalicznej i Analizy Strukturalnej, Uniwersytet Jagiellonski
Wydziat Chemii ul. Gronostajowa 2, 30-387 Krakow

W niniejszej pracy podjeto probe zaprojektowania nowych form krystalicznych
leku nasercowego — amrinonu [1] — z wykorzystaniem podejScia inzynierii krystalicznej
ukierunkowanego na modulacj¢ oddzialywan mig¢dzyczasteczkowych. Pomimo
udokumentowanej aktywnos$ci farmakologicznej [2], ograniczona rozpuszczalno$¢ oraz
profil dziatan niepozadanych tego zwiagzku [3] wskazuja na potrzebe poszukiwania
alternatywnych form statych.

Strategia badawcza oparta zostala na racjonalnym doborze koformeréw
kwasowych (kwas benzoesowy oraz kwas salicylowy), uwzgledniajacym zaroéwno
komplementarno§¢ motywow supramolekularnych, jak 1 relacje wartosci pKa.
Zastosowane podejscie doprowadzito do wuzyskania nowych faz krystalicznych
o zréznicowanej organizacji strukturalnej, ujawniajacych konkurujace scenariusze
asocjacji w uktadach wielosktadnikowych.

Analiza strukturalna przeprowadzona metoda dyfrakcji rentgenowskiej na
monokrysztalach ~ pozwolita  na  identyfikacj¢ =~ dominujagcych  synthonow
supramolekularnych oraz ocene¢ ich roli w stabilizacji sieci krystalicznej. Otrzymane
wyniki wskazuja, ze nawet pozornie proste uktady kwas—zasada moga prowadzi¢ do
nieoczywistych rozwigzan strukturalnych, czesciowo odbiegajacych od klasycznych
przewidywan opartych na analizie ApKa.

Przedstawione badania podkreslajg potencjat inzynierii krystalicznej jako
narzedzia do projektowania nowych form farmaceutycznych, jednocze$nie
uwidaczniajac ograniczenia aktualnych podejs¢ predykcyjnych w przypadku ztozonych
uktadéw supramolekularnych.
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STRUKTURY KOMPLEKSOW Z POCHODNA LIGANDA
TERPIRYDYNY

Weronika Bogdal'?, Anna Jurowska!, Maciej Hodorowicz!, Janusz SzKklarzewicz!

I Uniwersytet Jagiellonski, Wydziat Chemii, ul. Gronostajowa 2, 30-387 Krakow
2 Uniwersytet Jagielloniski, Szkota Doktorska Nauk Scistych i Przyrodniczych, ul. Prof.
St. Lojasiewicza 11, 30-348 Krakow

Grupg zwigzkow doskonalg do wykorzystania jako ligandy w syntezie zwigzkow
kompleksowych, jest terpirydyna oraz jej pochodne. Zwiagzki te posiadajg kilka
potencjalnych miejsc koordynacyjnych, dzigki czemu sa ligandami polidonorowymi,
ktére pozwalaja na zablokowanie miejsc koordynacyjnych atomu metalu, a tym
samym kontrolowanie wymiarowosci sieci przestrzennej. Dodatkowo posiadaja
pierscienie aromatyczne umozliwiajace powstawanie oddziatywan n-m, NO-nt oraz N-m,
stabilizujacych tworzone struktury. Mozliwych jest wiele modyfikacji terpirydyny, co
sprawia, ze jest to bardzo szeroka i malo zbadana grupa ligandéw. Obecne w literaturze
zwiazki tego typu prezentuja ciekawe formy strukturalne oraz wykazujg wiasciwosci
magnetyczne, katalityczne i biologiczne [1,2]. Dzigki czemu, moga by¢ stosowane, na
przyktad jako magnesy molekularne oraz w leczeniu nowotwordw [3.,4].

W naszych badaniach wykorzystaliSmy pochodng terpirydyny z dodatkowym
pierScieniem furanowym (ftpy, Rys. 1a). Jedng z powstatych struktur przedstawiono na
Rysunku 1b.
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Rys. 1. (a) Pochodna liganda terpirydyny (ftpy), (b) jeden z otrzymanych zwiazkéw kompleksowych

miedzi(Il) z ligandem ftpy oraz mostkami azydkowymi typu ,,end-on” i mostkami azotanowymi(V).

Zielong przerywang linig zaznaczono oddziatywania typu n-t migdzy pier§cieniami aromatycznymi
ligandow ftpy. Atomy wodoru pominigto dla klarownosci rysunku.

Przeprowadzone badania wskazuja na powstawanie réznych struktur dla
komplekséw majacych jako przeciwjon anion azydkowy lub anion azotanowy(V).
Znaczacy wplyw na powstajace struktury ma réwniez uzyty jon metalu.
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Zaobserwowano zmiany w ilo$ci skoordynowanych ligandow terpirydyny oraz ilosci
1 typie polaczen mostkujacych miedzy atomami metali. W otrzymanych strukturach
obecne sg zar6wno mostki azotanowe(V), jaki i mostki azydkowe typu ,,end-on” (p-1,1)
oraz ,end-to-end” (u-1,3), a takze aniony w formie ligandow terminalnych lub
nieskoordynowanych przeciwjonow [5].

Zwiazki otrzymane w postaci monokrysztatow zostaly zbadane metodami
rentgenografii strukturalnej, a na podstawie otrzymanych danych dyfrakcyjnych zostaty
wyznaczone ich struktury. Skfad i jednorodno$¢ zwigzkéw potwierdzono za pomoca
analizy elementarnej i spektroskopii IR. Wiasciwosci fizykochemiczne otrzymanych
zwigzkow  kompleksowych zbadano 2z wuzyciem metod spektroskopowych,
woltamperometrycznych oraz pomiaréw magnetycznych.
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ENACJOMERYCZNE KRYSZTALY PLASTYCZNE AReOs
Z. CHIRALNYM KATIONEM
2-METYLOPIROLIDYNIOWYM
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Wydziat Chemii Uniwersytetu Wroctawskiego, ul. F. Joliot-Curie 14, 50-383 Wroctaw

Krysztaly plastyczne stanowig faz¢ posredniag miedzy krysztalem a ciecza.
Charakteryzuja si¢ zachowaniem uporzadkowania dalekiego zasiggu sieci krystaliczne;j
przy jednoczesnej swobodnej rotacji tworzacych ja czasteczek lub jonow [1]. Uktady te
wykazuja niska entropig topnienia oraz wystegpowaniem przej$¢ fazowych ciato state—
ciato state o wysokiej entropii, zwigzanych z aktywacja rotacyjnych stopni swobody [2].
Dzigki swoim unikalnym wiasciwosciom znajduja zastosowanie m.in. jako state
elektrolity, materialy ferroiczne oraz w optyce nieliniowej [1].

Przedstawiona zostanie charakterystyka strukturalna oraz wlasciwosci
fizykochemiczne dwoch enancjomerycznych krysztatow plastycznych o ogdlnym
wzorze AReQs, gdzie podsie¢ anionowg tworzg tetraedryczne aniony nadrenianowe
[ReO4]", a w lukach sieciowych umieszczone sa chiralne kationy organiczne: (S)- lub
(R)-2-metylopirolidyniowe. Na podstawie badan kalorymetrycznych (DSC) oraz
termograwimetrycznych (TGA/DTA) okreslono stabilno$§¢ termiczng badanych
uktadow oraz zinterpretowano termodynamike zachodzacych w nich przejs¢ fazowych.
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Rys. 1. Niezalezna czg¢$¢ komorki elementarnej struktury krystalicznej nadrenianu (S)-
oraz (R)-2-metylopirolidyniowego w temperaturze 240 K. Elipsoidy drgan termicznych narysowano
z 50 % prawdopodobienstwem.

Literatura
[1] J. M. Pringle, P. C. Howlett, D. R. MacFarlane, M. Forsyth, J. Mater. Chem., 20 (2010) 2056-2062.
[2] J. Timmermans, J. Phys. Chem. Solids, 18 (1961) 1-8.

67 Konwersatorium Krystalograficzne, Warsztaty
234 i Sesja Sekcji Mtodych Krystalografow PTKryst, Wroctaw 24-26 VI 2026



B-57

CRYSTALLOGRAPHIC STUDY OF
5-(CHLORO-BENZYLIDENE)RHODANINE-3-ACETIC ACIDS
AND THEIR SALTS

Ewa Zeslawska', Wojciech Nitek?, Jadwiga Handzlik?, Waldemar Tejchman'!

I Institute of Biology and Earth Sciences, University of the National Education
Commission, Krakow, Podchorgzych 2, 30-084 Krakow
2 Faculty of Chemistry, Jagiellonian University, Gronostajowa 2, 30-387 Krakéw
3 Chair of Chemical Technology and Biotechnology of Drugs, Jagiellonian University,
Medical College, Medyczna 9, 30-688 Krakow

The family of rhodanine derivatives are under great interest of medicinal
chemistry as the usefully scaffolds in the search of new drugs. 5-Arylidenerhodanine
derivatives show interesting biological properties e.g. antimicrobial, antiviral,
anticancer, antiinflammatory [1]. In our previous research [2], we have obtained
5-chlorobenzylidene-3-carboxyalkylrhodanine  derivatives  showing  promising
antibacterial activity. At present, our interest is focused on preparation of the salts for
these acids.

In order to investigate structural properties of the selected synthesized
compounds with antibacterial activity, we have determined the crystal structures of
5-(2'-chlorobenzylidene)rhodanine-3-acetic acid (A1) and 5-(4'-chlorobenzyli-
dene)rhodanine-3-acetic acid (A2). We have also prepared and determined crystal
structures of two salts with 1,3,5-triazine derivatives [3], namely the salt of A1 with
4-[1-(2,5-dichlorophenoxy)propyl]-6-(4-methylpiperazin-1-yl)-1,3,5-triazin-2-amine (B1)
and A2 with 4-[3-(2,4-dichlorophenoxy)propyl]-6-(4-methylpiperazin-1-yl)-1,3,5-
triazin-2-amine (B2).

Al-B1

We have analyzed the preferred geometry of the acids and corresponding anions
present in the salts. Both salts possess the protonated nitrogen atom of piperazine ring
which is engaged in hydrogen bond of carboxylate anion.
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BADANIA STRUKTURALNE I SORPCYJNE SOLI SREBRA(I) Z
1-(4-BROMOFENYLO)-N-(4H-1,2,4-TRIAZOL-4-YL)METANIMINA
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1,2,4-triazole, dzigki utozeniu trzech atoméw azotu w pigciocztonowym
pierscieniu, posiadaja mozliwo$¢ taczenia jonéw metali przejSciowych za pomoca
mostkow. Dodatkowo, zaleznie od wykorzystanych atomow azotu geometria powstatego
mostku bedzie rézna. Szczeg6lnym zainteresowaniem cieszg si¢ wlasnie wielordzeniowe
zwiazki koordynacyjne, ktore mozna w ten sposob uzyskac [1]. Wiele takich zwigzkow
zostato opisanych w literaturze naukowej [2,3].

W wyniku reakcji nadchloranu srebra(l) z 1-(4-bromofenylo)-N-(4H-1,2,4-
triazol-4-yl)metaniming (4-BrPhatrz) otrzymano dwurdzeniowy zwigzek krystaliczny
(Rys. 1), w ktérym dwa kationy srebra(I) potaczone sg za pomocg mostkow N1,N2 dwéch
ligandéw 4-BrPhatrz mostkujacych. Strefe koordynacyjng srebra(I) uzupetnia takze atom
azotu pochodzacy od liganda skoordynowanego terminalnie. Otrzymany zwigzek ma
charakterystyczny ksztatt litery ,,.X”. Pozwala to na powstanie wewnatrz struktury
jednowymiarowych kanatow wypetionych anionami nadchloranowymi oraz
czasteczkami rozpuszczalnika. Przeprowadzone badania sorpcyjne wykazaty mozliwosé
przeprowadzenia wymiany rozpuszczalnika w kanatach.

Podobne zwigzki o wlasciwosciach sorpcyjnych szeroko opisane w literaturze
zostaty otrzymane przez reakcje soli miedzi(I) z 1-(4-X-fenylo)-N-(4H-1,2,4-triazol-4-
yl)metaniming (X=Br lub Cl) [4, 5].

Na plakacie zostang przedstawione struktura krystaliczna otrzymanego zwigzku
oraz zmiany zachodzace w niej po wymianie rozpuszczalnika.

Rys. 1. Zdjgcie otrzymanych krysztatow.
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The formation of multicomponent crystal systems, including salts and cocrystals,
remains an important strategy for designing bioactive compounds with tailored
physicochemical and functional properties. Systematic studies of structurally related
coformers enable the identification of general trends governing intermolecular
interactions and crystal packing. In our previous work, we investigated complexes
of pyridoxine (PN, vitamin Bes) with a series of short-chain aliphatic dicarboxylic acids,
ranging from oxalic acid to adipic acid [1]. These systems were characterized by diverse
stoichiometries (1:1, 2:1, and mixed compositions) and a variety of supramolecular
synthons involving protonated pyridoxinium cations as well as carboxylate
and carboxylic acid groups. A complex network of intra- and intermolecular hydrogen
bonds plays a significant role in the organization of molecules within the crystal lattice.

To further investigate the effect of chain length on the structure of these
complexes, the study was extended to longer aliphatic dicarboxylic acids: pimelic
(PIM), suberic (SUB), azelaic (AZ), and sebacic (SEB) acids (Fig. 1). The increased
chain length and conformational flexibility of these acids are expected to influence the
hydrogen-bonding patterns and supramolecular organization of the resulting crystal
systems. The aim of this work was to investigate the structural properties of pyridoxine
complexes with higher homologues of aliphatic dicarboxylic acids (C7—Cio). Particular
attention was devoted to the influence of the aliphatic chain length on crystal packing
and hydrogen-bonding networks.

OH
OH
O O

Y st
| HO” ™, “oH

N

Fig. 1. Structures of pyridoxine (left) and the linear aliphatic dicarboxylic acids as coformers (right):
pimelic acid (n = 5), suberic acid (n = 6), azelaic acid (n = 7) and sebacic acid (n = 8).

Mechanochemical grinding using a ball mill was also explored for the synthesis
of the investigated systems. Particular attention was paid to the selection
of an appropriate stoichiometric ratio between pyridoxine and the acidic component,
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as well as to the grinding conditions (neat grinding or liquid-assisted grinding using
a selected solvent). Powder X-ray diffraction (PXRD) not only confirmed the formation
of new crystalline phases but also proved essential for optimizing grinding conditions.
Solution crystallization and mechanochemical experiments led to the three new
multicomponent pyridoxine systems: the PN-PIM 1:1 salt, the PN-SEB 2:1 salt, and the
PN-SUB-H>O 1:1:1 salt hydrate. The structures of these systems were determined
by single-crystal X-ray diffraction (Fig. 2). To date, attempts to cocrystallize pyridoxine
with azelaic acid by solution cocrystallization or by grinding have been unsuccessful.

Fig. 2. Crystal structures of PN-PIM 1:1 salt (a), PN-SUB-H,0 1:1:1 salt hydrate (b),
and PN-SEB 2:1 salt (¢).
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Hydrazone-based Schiff bases constitute an important class of ligands in
coordination chemistry due to their structural flexibility, diverse coordination modes,
and potential biological activity. In particular, their ability to form stable complexes
with metal ions makes them attractive candidates for the design of functional materials
with enhanced physicochemical and bioactive properties [1,2]. This work presents the
synthesis, structural characterization, and Hirshfeld surface analysis of a hydrazone-
Schiff base ligand (H3L) and its Zn(II) coordination polymer. The ligand was obtained
from the reaction of salicylhydrazide and dehydroacetic acid and represents a flexible
ONO-donor system capable of stabilizing metal ions in various coordination
environments [3]. The reaction of H3L with Zn(OAc),:2H>0 in methanol led to the
formation of a 1D coordination polymer, [Zn(u-HL)(CH30H)].. Both the ligand and the
complex were characterized by spectroscopic methods and single-crystal X-ray
diffraction, confirming successful coordination to the Zn(II) center. Crystal structure
analysis revealed that H3L crystallizes in the monoclinic system (P21/c) and adopts the
amidic form stabilized by intra- and intermolecular hydrogen bonding interactions as
well as n---w stacking (Figure 1). The Zn(II) coordination polymer also crystallizes in the
P21/c space group and exhibits a distorted octahedral geometry around the metal center.
The ligand acts as a binegative (HL*") chelating and bridging unit, coordinating through
ONO donor atoms and forming a 1D polymeric chain (Figure 1). This coordination
mode results in an extended structure in which the ligand links multiple Zn(II) centers.
The changes in the structural features of the hydrazone ligand upon coordination to the
metal core were investigated in detail, and the results showed that the bond lengths of
the coordinating atoms of the hydrazone moiety change significantly upon coordination
to the Zn(Il) core. The Hirshfeld surface analysis was performed using the
CrystalExplorer2]l program to investigate non-covalent interactions within the
structures of the ligand and coordination polymer using dnom, shape index, and
curvedness surface maps. The dnorm surface has three colored regions (red, white, and
blue) that represent different levels of electron density in the crystal structure. Red
indicates regions of high electron density (close proximity of atoms), white indicates
medium electron density (medium proximity), and blue indicates regions of low
electron density in atoms. The dnorm surface map of HsL is illustrated in Figure 2a,
which shows C—H:--O interactions in the structure. According to the dnorm surface map
of [Zn(u-HL)(CH30H)]. (Figure 3a), the observed red spots are related to O—H---O,
N-H:--O, and Zn---O interactions. In the shape index surface of Hs3L and [Zn(u-
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HL)(CH30H)]. (Figures 2b and 3b), the orange and blue butterfly-shaped triangles on
the aromatic ring in the structures of H3L and [Zn(p-HL)(CH30H)], confirm the
presence of m-- 7 stacking interactions. Moreover, the existence of orange (hollow)
regions on the aromatic ring in the structure of [Zn(u-HL)(CH3OH)]n confirms the
presence of C—H-- 7 interactions. According to the curved surface of H3L (Figure 2c¢)
and [Zn(u-HL)(CH30H)]a (Figure 3c), the existence of flat areas on the aromatic rings
confirms the presence of n- -7 stacking and C—H: - -7 interactions in these structures.

(a) (b)

Fig. 1. (a) Molecular structure of HsL, with thermal ellipsoids drawn at the 50% probability level; the
green dashed line shows an intramolecular N—H---O hydrogen bond. (b) Molecular structure of
[Zn(p-HL)(CH30H)], with thermal ellipsoids drawn at the 50% probability level.

n---m stacking m---m stacking

Fig. 2. Hirshfeld surface analysis of HsL: (a) duorm, (b) shape index, and (c) curvedness.

O-H---0 nt---m stacking
a) / b) ~ "
‘ \\
{,' A )
N . \
(LD [ )
) 3/ X / 4
N-H-O 1 5 "1 interactions
ZnO

Fig. 3. Hirshfeld surface analysis of [Zn(u-HL)(CH3OH)]: (a) duom, (b) shape index, and (c) curvedness.

These results demonstrate that salicylhydrazone ligands exhibit flexible
coordination behavior and have a high potential to form coordination polymers with
transition-metal ions such as Zn(II). The bond lengths of the coordinating atoms of the
hydrazone ligands can change during and after their coordination to a metal core.
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Bikas

Bikas

Bini
Biniek-Antosiak
Btazewska

Boca

Bogdat
Bojarska
Bousseksou
Bozek

Brink

A-48
B-50
B-43
B-15
B-15
B-17
B-17
A-7
R-3
B-16
B-5
B-15
B-43
B-10
B-59
A-23
B-58
B-14
A-7
A-15,
B-56
B-7
B-5
A-58
A-12
R-3
B-42,
M-12
B-33
B-60

A-16, A-35,

B-58, M-3

B-5
A-3
M-12
B-55
A-45

B-54
M-1
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M-2,

M-14
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Emilia
lwona
Marta
Elzbieta
Ireneusz
Elena
Grzegorz
Anna
Helena
Andrew B.
Silvia C.
Matteo
Lilianna
Patrycja
Arkadiusz
tukasz
Saioa
Michat K.
Jerzy
Michat
Patryk
Michat
Jolanta
Aleksandra
Przemystaw J.
Alena
Przemystaw
Sandra
Dawid
Krzysztof
Dominik
Michat
Marta K.
Katarzyna
Kamil Filip
Btazej
Krzysztof
Katarzyna
Aleksandra
Viljar Johan
Pierre
Dmitrii
Mateusz
Katarzyna

Bronikowska
Bryndal
Brzezinska
Budzisz
Buganski
Buixaderas
Bujacz
Bujacz
Butkiewicz
Cairns
Capelli
Ceppatelli
Checinska
Chmielewska
Ciesielski
Cieszynski
Cobo
Cyranski
Czachorski
Czaja
Czapnik
Czerwinski
Darul
Deptuch
Deren
Dolinska
Dopieralski
Drev
Drozdowski
Dubert
Duch
Duda
Dudek

Dul
Dziubek
Dziuk
Ejsmont

Fedoruk-Piskorska

Felczak
Femoen
Fertey
Fil
Filipow
Flor

B-53
B-52
B-6
B-50
R-20,
M-9
A-5
A-5,
A-48,
R-3
B-28
R-3
A-57,
B-16
A-18,
B-51
R-6
A-30,
R-12
R-14
B-50
B-19
A-13
B-19
A-12
B-3
A-20
R-20
A-14,
B-49
B-26
M-8
A-21,
B-38
R-3
B-11
B-11
A-14,
A-58
A-17
B-48
A-7
B-19
A-42

A-25, B-18

B-4
A-55

A-58

A-30, A-39

A-39

A-24, M-7

A-47, B-28, B-39

M-7
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Chris H. J.
Roger R.
Nobuhisa
B.

Michat
Zuzanna
Evgeny V.
Irina O.
Emilia
Przemystaw
Anna
Edyta

Livia
Katarzyna
Konstantin
Katarzyna
Mateusz
Anna M.
Antonina
Jerzy P.
Evgeny
Andrzej
Jakub
Beata
Szymon
Alexander
Marlena
Pawet
Andrzej
Karolina
Zofia
Zofia
Michael J.
Jadwiga
Katarzyna
Felix
Neda
Jirka
Maciej
Marta
Volodymyr
Monika
Jinping
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Franco

Fu

Fujita

Fultz

Gacki
Gackowska
Galuskin
Galuskina
Ganczar
Gawet
Gagor
Gendaszewska-

Darmach
Getzner

Gibuta
Glazyrin
Gobis
Gotdyn
Gotkowska
Gonet
Goraus
Goreshnik
Gorecki
Gorniak
Gorska
Grabowski
Grippa

Gryl
Grzymski-Ostrega
Gzella
Gzyra-Jagieta
Hajdaczuk
Hajdaczuk
Hall
Handzlik
Helios
Hennersdorf
Heydari
Hlinka
Hodorowicz
Hoelm
Horishny
Hryniuk

Hu

A-42,
B-15

R-20

B-15

B-47

B-46

A-28

A-28

B-20

B-10

A-14,
A-3

R-6
A-29,
R-3
B-25,
B-45,

B-3
B-15
A-38,
R-22
A-43

B-44
A-12
B-44
B-13
A-37,
B-7
B-42
M-3
A-46
B-57
B-6
R-10
B-33,
M-9
A-36,
A-47
B-43
M-11
B-15

R-19

A-16, A-15,

A-30, A-41

B-29
B-59

A-43, B-22,

B-60

B-55
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B-21,

B-24,

M-7,

B-43

M-14, R-7,
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R-23



Andrii
Kyle
Valeryia
Justyna
Sepideh
Piotr

Jan
Agnieszka M.
Rafat
Sabina
Katarzyna N.
Mariusz
Andreja
Jagoda Hanna
Aneta
Mateusz
Anna
Ewa
Adam
Nadia
Dariusz
Christelle
Karolina
Urszula
Anna
Bozena
Julia
Daniel M.
Radostaw
Julia
Zbigniew
Bozena
Oskar
Andrzej
Michat
Paulina
Ryszard
Agnieszka
Christopher
Vasyl!
Andrzej
Anna
Pavel
Oleksandr
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Hultiaiev
Hunady
Hushcha
Jackiewicz
Jafari

Jakieta
Janczak
Janiak
Janicki

Jaros
Jarzembska
Jaskdlski
Jelen

Jerzy
Jezierska
Joiwiak
Jurowska
Juszynska-Gatqzka
Kabariski
Kaczorowska
Kaczorowski
Kadlec
Kafarska
Kalinowska-Lis
Kamecka
Kaminska
Kaminska
Kaminski
Kaminski
Kamysz
Karczmarzyk
Karolewicz
Kaszubowski
Katrusiak
Kazmierczak
Kielian
Kierzek
Kiliszek
Kingsbury
Kinzhybalo
Kochel
Komasa
Kopel
Korolevych

R-2
B-15
A-57

A-45
R-12
B-41
R-8
B-35,
B-40
A-9,
R-1
R-20
B-2
A-49
A-22
A-36,
B-19
A-14,
B-40
A-19
M-9
B-47
A-57
A-31
A-43
B-39
R-22
M-1
B-1
A-31,
B-9
B-37
A-26,
A-56
B-35
B-3
B-2,
A-34
R-24
A-49,
B-59
M-12
A-14,

B-36

B-38

B-14, R-4, R-5

B-3

A-53

A-15,

A-16, A-35, M-7
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Barttomiej
Adrian Krzysztof
Dorota A.
Patryk
Marcin
Anna
Anna
Dorota
Malwina
Marta
Monika K.
Jacek
Marta S.
Antoni
Kamil
Ewelina
Maria
Olga

Jakub
Robert
Dagmara
Piotr
Zuzanna
Katarzyna
Joachim
Petr
Anna
Miroslav
Karolina
Roman
Tadeusz
Andrzej
Marta
Pawet
Marta
Barbara
Longina
Izabela
Lucia
Anna
Marcin Szymon
Maura
Vladyslav
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Kost
Kowalinski
Kowalska
Kowalski
Kowiel
Kozakiewicz-Piekarz
Koziot
Krasowska
Krause
Krause
Krawczyk
Krawczyk
Krawczyk
Krawiec
Krzeminski
Ksepko
Ksigzek
Ksigzkiewicz-
Kotucka
Kubicki
Kudrawiec
Kulesza
Kulinowski
Kurek
Kurpet
Kusz

KuZel
Kwiecien
Lebeda
Ledwa
Lesyk

Lis
tapinski
taszcz
tawniczak
toza
Machura
Madej-Kietbik
Madura
Maini
Makal
Malecki
Maliriska
Maliuzhenko

A-47
B-34, M-13
A-19, M-6, R-24
A-6

B-43

B-33, B-60

B-32

A-21, B-39

B-25

M-5

A-50

B-12

B-31

B-11

A-55

A-8

A-28

A-54

B-17
A-23
B-15
B-16
A5, B4
A-58
A-28
M-9
A-53
M-9
A-42
B-43
B-34
A-37,
B-16
B-24
B-9
M-12
B-7
A-34, A-48, A-55
R-5

A-44, B-13, B-26,
A-20

A-52

R-24

B-22, B-24,
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B-43

B-46, B-51
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Magdalena
Waldemar
Olga

Giovanna
Barrionuevo
Martyna
Przemystaw
Karolina
Oksana
Arkadiusz
Zofia
Marcin
Mohamed
Maja
Natalia
Mariusz
Natalia
Adam
Anna
Gdbor
Marta
Maja
Barbara
Marcin
Igor
Weronika
Hubert
Krzysztof
Tadeusz
Igor
Katarzyna
Dominika
Maciej
Paulina
Wojciech
Marzena
Elzbieta
Przemystaw
Maciej
Andrzej
Marcin
Wiktoria
Oliver
Andrzej

Matecka
Maniukiewicz

Marchut-
Mikotajczyk
Martins

Mateja-Pluta
Matkowski
Matuszak
Matvienko
Matwijczuk
Mazurkiewicz
Mgczynski
Mezouar
Mielcarz
Miktuszka
Milik
Miniajluk-Gawet
Mizera
Mocarska
Molndr
Morana
Morawiak
Morzyk-Ociepa
Moskwa
Mossur
Mruszczyk
Mulczynski
Muszynski
Muziot
Naporowski
Niedospiat
Nielipinska
Nielipinski

Niescior-Browinska

Nitek
Nowacka
Nowak
Nowak
Nowak
Nowok
Nowotny
Obijalska
Oeckler
Olczak

B-50
B-17
A-6

A-46

B-2,
A-24
A-51,
A-7
R-22
A-24
B-52
B-48
B-33,
A-49
B-5
A-24
A-37,
B-16

R-3
A-48,
A-33
A-20,
B-8,
B-23
A-37,
B-29
B-53

B-3

M-10

B-60

B-22, B-24, B-43, M-9

B-10

B-56
B-30

B-22

R-17

B-39

B-29
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Anna

Petr

Marta
Magdalena
Lukds
Damian
Marcin
Anastassios C.
Jan

Serhii
Kacper

Ewa
Mateusz
Maurizio
Rafat

Marta
Agnieszka J.
Anna
Agnieszka Joanna
Aneta
Edyta
Karolina
Sevastian
Pawet
Monika
Aneta

Tomasz
Kinga
Chandrasekaran
Alicja
Michael R.
Kamila
Maciej
Anna
Andrii
Cyril
Paulina
Nadiia
Piotr
Yasmine
David A.
Tetiana
Anna
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Olejniczak
Ondrejkovic
Orlikowska
Ostrycharz
Palatinus
Paliwoda
Palusiak
Papageorgiou
Parafiniuk
Parkhomenko
Paszczyk
Patyk-Kazmierczak
Pqgczek
Peruzzini
Petrus
Piechocka
Pierzyk-Brzezinska
Pietrzak
Pietrzyk-Brzeziriska
Pindela
Pindelska
Pioruriska
Piskunov
Piszora
Pitucha
Pobudkowska-
Mirecka
Poreba
Potempa
Prabaharan
Prezyna
Probert
Pruszkowska
Ptak

Pyra

Pyrih

Rajndk
Ratajczyk
Rebrova
Rejnhardt
Remili

Rincdn
Romanova
Rosa

A-22
M-9
A-3
B-25
A-17
R-6
A-32,
B-1
B-48
A-7
A-9,
A-27,
B-19
R-3
A-51,
A-13
A-1
B-28,
A-3,
B-43
A-48
B-16
B-32
A-13
B-38
A-48

A-40, A-54

M-1
A-56

B-6, B-34, M-10, M-13

B-47

A4, R-17

B-48
A-9,
A-2
A-44
A-46
A-30
A-12,
B-52
A-43,
M-12

B-43

A-12

B-48

A-52

A-19
A-29, A-30
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Thomas F.
Kinga
Magdalena N.
Milena
Dominika
Gracjan
Magdalena
Natalia
Agnieszka Joanna
Aleksandra
Wojciech
Klaudia
Natalia
Marcin
Anna

Jacek
Demetrio
Patrycja
Bartosz
Jarostaw
Manuel
Vishali
Svitlana
Paul

Adam
Tomasz
Daniel M.
Agnieszka
Wojciech A.
Yurii
Szymon
Paulina
Marcin
Piotr
Marcin
Klaudia
Barbara-Veronika
Wojciech
Artur R.
Dagmara
Monika Anna
Amelia
Amelia
Joseph
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Rosenbaum
Roszak
Rowinska
RoZewska
Rubiak

Russ
Ruszczak
Rutkowska
Rybarczyk-Pirek
Rydz
Rypniewski
Rzqd
Sacharczuk
Sadtowski
Sadocha
Sawka
Scelta

Schab
Sekuta
Serafinczuk
Serrano-Ruiz
Sharma
Shishkina
Sicher
Sieradzki
Sieranski
Silevitch
Skorska-Stania
Slawinski
Slyvka
Sobczak
Sobczak-Tylus
Sobczyk
Sobota
Soczowka
Stachowiak
Stauber
Stawski
Stefankiewicz
Stefanska
Sternal
Stezalska
Stezalska
Strauss

B-15
A-26
A-15,
B-59
A-3
A-11
A-29,
A-6
A-59
A-40
B-5
R-22
A-10
R-12
A-18,
M-12

B-47

B-45
A-15,
A-36
A-35
M-2
B-1

A-16,

A-41

A-30,

A-4,

A-11,
B-8

B-22

A-16

M-14

A-39

A-6, R-17

R-7
B-27, B-30

M-8

B-14, R-5, R-7
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Radostaw
Oliwia
Vitali
Szymon

Ela

Szymon
Thomas
Stawomir
Matgorzata
Przemystaw
Janusz
Ksenia
Damian
Matgorzata I.
Zuzanna
Katarzyna
Joanna
Marcin
Nina

Daniel Mariusz
Waldemar
Michat
Pawet E.
Andrzej
Agata

Arsenii
Igor
Magdalena
Kamil
Yevgeny
Laure

lhor

Mark
Stanislav
Dawid
Marek
Magdalena
Paulina
Mateusz
Maciej
Marcin
Martyna
Jakub
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Strzatka
Strzechowska
Stsiapura
Suchecki
Sulkifli

Sutula
Svoboda
Szafert
Szczesio
Szklarz
Szklarzewicz
Szmigiel-Bakalarz
Szymanski
Szynkowska-Jozwik
Szypryt
Slepokura
Sliwiak
Swiatkowski
Tarzyriska
Tchon
Tejchman
Terlecki
Tomaszewski
Trzepatka
Trzesowska-

Kruszyriska
Tymoshenko

Ukrainets
Urbanowicz
Urbanski
Vapnik
Vendier
Vorona
Vovsianiker
Vrtnik
Wachnicki
Weselski
Wietrzynska
Wisniewska
Wisniewski
Witwicki
Wiazlak
Wojciechowska
Wojciechowski

A-25,
A-34
M-1

B-18, M-4,

A-5, B4
B-48

A-20
B-25,
A-24
A-36,
A-33
A-12
B-17
M-8
B-37,
B-5
B-7,
B-7
A-17
B-57
B-46
A-24
A-30
B-7,

B-29

B-55

R-24

B-8, B-27,

B-8, B-30

A-7
R-18

B-16

R-13

A-28

R-6

A-7

A-7

R-20

A-8

B-15

A-23

B-53

B-59

M-11, M-12
A-32

B-20

B-13, R-24
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M-5,

B-30

R-20, R-21
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Andrzej Wojtas R-15

Wojciech M. Wolf A-45, B-17, B-28, B-47
Janusz Wolny A-25, B-18, R-20
Maciej Woszczyk A-39

Krzysztof WozZniak B-48
Patryk Wojcik A-31
Sebastian Wronski R-16
Patryk Wrdbel R-11

Waldemar Wysocki A-31, B-38
Kinga Wzgarda-Raj A-32, A-54, B-23
Roman Yavetskiy A-7

Zan Zakosek R-2
Radostaw Zaleski R-22
Ewelina Zaorska A-52
Anna Zep A-29, A-30, A41
Marta Zezula A-29, A-30, A-41
Kacper Zielak A-1
Dorota Zielinska B-7
Grzegorz Zieliniski A-28
Sylwia Zieba A-37, B-22, B-24, B-43, M-9

Aleksandra Zimon B-17
Marcin Ziobro B-35, B-36
Maciej Zak A-25, M-4, R-21
Andrzej Zarczynski B-17

Ewa Zestawska B-57
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