4. konference Pokroky anorganické chemie
PANCH 2023

Sbornik abstraktu

25.-29. Cervna 2023
Brno
Masarykova univerzita, Ustav chemie

123



Czech Chem. Soc. Symp. Ser. 21, 123-162 (2023) Konference Pokroky anorganické chemie 2023

Slovo uvodem

4. konference Pokroky anorganické chemie (PANCH 2023) se letos kond po vynucené pauze v diisledku
pandemie covidu. Konference navazuje na tradicni setkdani anorganickych chemikii pordadand v dvouletém cyklu
stitdavé v Ceské a Slovenské republice. Predchdzejict tispésné akce v Tresti 2014, Kutné Hove 2016 a Levoci 2018
nastavily vysokou latku pro védeckou ndplii a spolecensky program. Letosni konferenci pordadda Ustav chemie
Prirodovédecké fakulty Masarykovy univerzity s cilem obnovit prerusenou kontinuitu interakce mezi anorganickymi
chemiky z Ceské a Slovenské republiky a poskytnout jim prostor pro prezentaci novych vysledkii, neformalni osobni
setkani a hledani novych spolupraci. Stejné jako v predeslych setkanich dava program konference podstatny prostor
studentum a zacinajicim badateliim.

V dobé pripravy tohoto sborniku bylo na konferenci prihlaseno celkove pres 70 ucastnikii, kteri predstavi
55 prezentaci. Osm plenarnich prednasek ukdaze praci Sesti domdcich a dvou zahranicnich renomovanych odbornikai.
Miladi vyzkumnici prednesou své vysledky v 37 studentskych prezentacich. Jednacim jazykem bude Ccestina,
slovenstina a anglictina. V ramci konference probéhne soutéz mladych chemikii o nejlepsi predneseny konferencni
prispévek a vitézové budou ocenéni kniznimi dary poskytnutymi brnénskou pobockou CSCH. Konferencni prispévky
maji Siroky tematicky rozsah zahrnujici vSechny moderni trendy soucasné anorganické chemie, at' uz se jednad
o koordinacni, organokovovou, materidlovou a bioanorganickou chemii, katalyzu, design a charakterizaci riiznych
poréznich, hybridnich a magnetickych materialii, vyvoj novych latek s biologickymi ucinky a sloucenin pro
medicinalni diagnostiku.

Konference probéhne v Brné, které je se Sesti statnimi a péti soukromymi vysokymi Skolami slozenymi z 29 fakult
druhym nejvétsim centrem vys$siho vzdélavani v Ceské republice. S témér 90 000 vysokoskolskymi studenty mda Brno
nejvetsi pomer vysokoskolakii k celkovému poctu obyvatel a uroven kvalifikace je s 23,7 % absolventii vysokych skol
také nejvyssi v zemi. Behem poslednich let si Brno ziskalo reputaci jako nejlepsi lokalita zemé pro zakladni
i aplikovany vyzkum a pokrocilé technologie. Rozviji se zde informacni a telekomunikacni technologie, mezinarodni
lékarsky vyzkum a biotechnologie. Vyznamni svétovi vyrobci v Brné navazuji na dlouhou védeckou tradici v oblasti
elektronové mikroskopie a mésto je jednim ze tii svétovych center, kde se produkuje vice nez tretina vSech
elektronovych mikroskopii na svete. Univerzitni kampus Bohunice je od zari 2010 sidlem ti fakult a ustavu CEITEC
Masarykovy univerzity a jeho Sestileta vystavba byla nejvétsim stavebnim projektem v oblasti vysokého skolstvi ve
stredni Evropée.

Doufame, ze odborny a spolecensky program konference PANCH 2023 prinese viem ucastnikiim mnoho novych
poznatki, uzitecnych informaci, zajimavych podneétit a prijemnych zazitki.

Tesime se na vidénou v Brne.

Za organizacni vybor
Jiri Pinkas

Organizaéni vybor konference PANCH 2023

Predseda Clenové

prof. RNDr. Jiii Pinkas, Ph.D. prof. RNDr. Jifi Pfihoda, CSc.
prof. RNDr. Pfemysl Lubal, Ph.D.
doc. Mgr. Marek Necas, Ph.D.
Mgr. Jaroslav DoroSenko, Ph.D.
Mgr. Jan Chyba, Ph.D.
Mgr. Zden¢k Moravec, Ph.D.
Mgr. Martin Sojka, Ph.D.
Mgr. Ales Styskalik, Ph.D.
Ing. Helena Vaverkova
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PLENARNI PREDNASKY

F UNKCIONALIZOVANE AZAMAKROCYKLY -
NOSICE IONTU KOVU PRO RADIOMEDICINU
A JINE APLIKACE

VOJTECH KUBICEK

Univerzita Karlova, Prirodovédecka fakulta, Katedra
anorganické chemie, Hlavova 2030, Praha 2, 128 40
kubicek@natur.cun.cz

Azamakrocyklické ligandy jsou vyuzivany a studovany
jako nosice kovil v mediciné, katalyze a fad¢ dalSich aplikaci.
Dtivodem je vysokd termodynamicka stabilita, kterd je
umnoha komplexti doprovdzena znacnou kinetickou
inertnosti. Kombinace téchto vlastnosti snizuje riziko rozpadu
komplexu a uvolnéni kovu vtéle pacienta ¢i v prubéhu
chemického procesu. Mezi nejstudovanéjsi azamakrocykly
patii cyklam (1,4,8,11-tetraazacyklododekan), ktery je vhodny
obzvlasteé pro komplexaci dvojmocnych iontl kovli z pravé
Casti prvni pfechodné fady. Derivaty cyklamu jsou v nuklearni
medicin¢ studovany jako nosi¢e radioizotopi médi pro
diagnostiku i terapii, v katalyze pak nejcastéji jako ligandy
pro koordinaci iontl kobaltu a niklu.

Struktura  matefského  makrocyklu je  obvykle
modifikovana zavadénim riznych skupin na atomy dusiku.
Tyto skupiny mohou propojit dva atomy dusiku, ¢imz vznikaji
pfemosténé ligandy vykazujici Casto zvySenou inertnost.
Nejcastéji jsou vsak zavadény koordinujici skupiny. Tato tzv.
spendantni ramena vétSinou zvySuji stabilitu i inertnost
komplexd. Soucasné také ovliviiuji mechanismus a rychlost
jejich tvorby. Nej€astéji jsou vyuzivany zaporn¢ nabité
skupiny, jako jsou karboxylaty, fenolaty ¢i fosforové derivaty,
které kompenzuji kladny naboj iontu kovu.

Mezi bézné studovanymi azamakrocykly jsou derivaty
cyklamu specifické svoji schopnosti tvofit izomerni formy
lisici se orientaci substituentli na atomech dusiku. Izomery se
lisi geometrii, stabilitou, rychlostl vzniku i dal$imi
vlastnostmi, které jsou dalezité pro riizné aplikace'

[NH HN] [N\[IN]
NH N >cooH
HoOC. > RPN
@ NH NP
] OH
P\/N HN
R8
Schéma 1. Struktura cyklamu, premosténého cyklamu a
symetricky substituovanych derivata cyklamu nesoucich

karboxylatova, fenolatova a fosforova pendantni ramena
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Vramci naSeho vyzkumu se dlouhodobé vénujeme
pravé studiu struktury, termodynamickych a kinetickych
vlastnosti  derivatl cyklamu nesoucich fosfonatova
a fosfinatova pendantni ramena®*. Obzvlasté fosfinitova
ramena jsou atraktivni z hlediska ruzn}'/ch aplikaci, protoze
umoznuji ptipojeni dal§i funkéni skupiny. Takto byla
studovana chelatujici pendantni ramena, jejichz piitomnost
ovlivituje rychlost tvorby komplexu’, ramena schopna vazby
na hydroxoapatlt ktera slouzi pro cilené zobrazovani kostni
tkatie®, a ramena nesouci reaktivni skupiny vhodné pro
pfipojeni biomolekul, které cilené ovliviiuji biodistribuci
komplexu. V posledni dobé pak byla vénovana pozornost téz
karboxylatovym® a fenolatovym derivatim a redoxnim
vlastnostem komplex, které jsou dulezité pro medicinské
i technologické aplikace.

Tato prace vznikla za podpory grantu GACR 21-232618.
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NANOMATERIALS BASED ON RARE EARTH IONS:
FROM EFFECTIVE INORGANIC LUMINOPHORES
TO MULTIFUNCTIONALIZED SYSTEMS AND
ADVANCED APPLICATIONS

STEFAN LIS

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

stefan.lis@amu.edu.pl

Luminescent nanomaterials doped with lanthanide ions
have attracted considerable attention and due to their unique
spectroscopic properties they can be applied in various fields,
e.g. optoelectronics, display panels, solar cells, forensic and
medical materials. The lecture presents selected nanomaterials
based on inorganic matrices (e.g.: fluorides, vanadates,
borates, phosphates s1hcates etc.) doped with lumlnescent
lanthanide (Ln*, also Ln?") ions, characterized by efficient
emission properties. As application materials, they should
show: phase purity, high crystallinity and homogeneity, small
particle size and narrow particle size distribution, they should
not be agglomerated.

The obtained nanoparticles (NP), i.e. nanoluminophores
(NL) and up-convering luminophores (UCNL), and their core-
shell functionalized systems and multifunctional hybrids were
characterized in detail structurally and spectroscopically. The
excitation and emission spectra, intensity parameters,
chromaticity diagrams, lifetime measurements and quantum
efficiencies of the nanoluminophores are described. Their
emission effectiveness together with energy transfer and
charge transfer schemes, quenching phenomena and color
purity with chromaticity coordinates in relation to their
composition, structure, size and morphology are discussed.
Nanoparticles with exceptional luminescence properties
having nanosized dimensions, and chemical and
photophysical stability can be considered as promising
materials for many applications.

Examples of effective NLs and UCNLs doped with Ln*"
(or Ln2+) and their surface functionalized, by coating with
organic compounds, hybrid systems for sensor, anti-
counterfeiting, biomedical and analytical applications are
discussed i in depth It will be shown that the luminescence of
selected Ln*" or Ln*" -doped NLs can be successfully used in
(nano)- manometry and nanothermometry as optical pressure
sensors!, capable of measuring pressure and multlfunctlonal
optical sensors for (nano)-manometry, high-pressure* and
temperature upconversion luminescence of Ln-doped NLs
(ref.?). Novel luminescent-magnetic cellulose microfibers,
based on Ln "-doped NPs (e.g. Fe304/S102/NH2/PAA/LnF3 or
CeF3:Tb®>* NPs and CePO4Tbh>" nanorods) used as
nanomodifiers of the fibers are presented. Such
multifunctional NLs are excellent materials for textile and
documents  protection  against  counterfeiting®.  The
presentation also shows and discusses examples of effective
NLs doped with lanthanide ions (Tb3+ lub Eu**) and their
surface functionalized with organic compounds hybrid
systems for biomedical and analytical applications.
Luminescent NPs doped with Ln*" in systems ﬁinctionahzed
with the desired organic ligand molecules, e.g.: LaFs: Tb*"
5%, Ce* 10%@Si0,-NH, NPs with acetylsalicylic acid
(aspirin) coated on the surface, or ligand sensrtized
2,6-pyridine dicarboxylic acid (2 6 PDA) capped LaF5:Eu*
and adenosine capped-StF,:Eu’" NPs)’, showed high
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hemocompatibility and therefore can be successfully used in
biomedical research. Nanoparticles functionalized with
organic compounds have also proven to be very useful for
analytical purposes. We have developed new highly sensitive
and highly selective fluorescence methods based on energy
transfer from the analyte ion to the Tb>" ion (3 5- Dihydroxy
Benzoic Acid—Capped Can Tb>" NPs, ref %), or Eu® ion
(adenosrne capped CaF,:Eu®" nanocrystals’ and DPA capped—
LaF3 Eu’*" NPs) for the determination of metal species (e.g.
WO4 , MnOy , Cu? ) in real water samples.
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BORANES - A SOURCE OF LIGHT

MICHAEL G. S. LONDESBOROUGH

Institute of Inorganic Chemistry of the Czech Academy of
Sciences, 250 68 Husinec-Rez ¢.p. 1001, Czech Republic
michaell@jic.cas.cz

We are interested in how the chemical modification of
macropolyhedral boron hydride clusters produces changes in
their physical properties, and in particular, with a regard to the
interaction of these molecules with laser light. At very high
excitation energies, our investigations hold relevance to the
generation of boron-proton plasmas, and, at lower excitation
energies, emission from electronically excited states that form
the basis for an important class of light sources. Here, there is
a renewed interest in the binary boron hydride cluster
compound anti-BisHy, due to the discovery of its utility as
a new class of laser material.' It is also of particular interest as
it fluoresces in the elusive blue re%lon of the spectrum w1th
a quantum yield approachrng unrty it is highly photostable
and it is readily soluble in organic polymer matrices'?. These
are all factors of general practical benefit regardrng the
fabrication of optical devices. The photophysics of anti-
BisH;; may be modified by replacing some of its cluster
termrnal hydrogen atoms wrth substrtuents or hgands such as
—SH,* bromine,*® iodine,’ alkyls,*” and pyridine'®"! to give
molecules capable of, for example environment-sensitive
therrnochromlc luminescence,'®  single- molecule multiple
emissions,” and the photosen51tlsat10n of oxygen.” Recently,
metal-catalysed and metal-free nucleophilic substitution of the

4,4'-(SH),-B1gH20
ems 536 nm; QY = 0.59

5.
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Pttt ot
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1,1',3,3'4,4',7,7'8,8',10,10'-(Me);,-B15Hg-2,2-Cl, V(\ ems 424 nm; QY = 10
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iodine group in 7-I- BisHy "2 has been demonstrated,"
leading to a series of luminescent B- N B-O and B-S
substituted  octadecaborane  derivatives.”” In  addition,
a monochlorinated derivative of anti-B;gHy, the blue
fluorescent 7-Cl-B;gH,; has been reported featuring
a quantum yield of luminescence of 0.8."* Collectively, these
entries into the literature are the beginnings of a systematic
survey of the functionalisation of anti-B;sH,,, from which
there are starting to emerge several broader patterns linking
the photophysical behaviour of these molecules to their
chemical structure. Accompanying these trends are tentative
explanations based on, for example, the principles of ‘Total
Cluster Volume’,? cluster electron density mapping,® and the
cluster-position of substitution.?

Our current research is expanding on these promising
beginnings, seeking to fully understand the potential and
limitations of this and other new Iuminescent borane
molecules at a fundamental level with an aim to maximise
laser efficiency and photostability, and offer emission at
tuneable wavelengths. This seminar will present how these
goals can be achieved by forging a comprehensive
understand1n§ of the photophysics and photochemistry of
anti- B18H22, and investigating the effect chemical
substitutions and derivatizations have on the absorption and
emission characteristics of this and related boranes™’
Ultimately, the successful completion of these aims wrll
further the prospects of the boranes as a novel and
competitive alternative to present organic laser dyes.
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Scheme 1. A summary of luminescent derivatives of anti-B,;sH,,
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A COORDINATION CHEMISTRY JOURNEY:
FROM BIOINORGANIC MODELS TO MOLECULAR
SPINTRONICS

WINFRIED PLASS

Institut fiir Anorganische und Analytische Chemie, Friedrich-
Schiller-Universitdt Jena, Humboldtstrafie 8, 07743 Jena
sekr.plass@uni-jena.de

Metal ions play a versatile and important role in most
areas of chemistry with a broad spectrum of potential
applications ranging from the biological environment to
highly sought-after technologies such as those needed in
quantum information science. The ligand scaffolds depicted in
Scheme 1 have been successfully used to develop molecular
designs that allow to address topical questions in the above
areas.

g : ro
HN. .R ~
3 ;
Xy, -NH_NH
SO
N.
OH NI OH
H,R'-R? H_saltag K@

Scheme 1. Examples for di- and trinucleating ligands (X = O/S)

Metalloproteins ~ with  dinuclear, unsymmetrically
coordinated metal cores are widely spread, but challenging to
model in coordination chemistry. Using the double Schiff
base design given in Scheme 1 (left), it was possible to
generate homo- and heterodinuclear metal complexes with
deliberately metal-selective binding sites (Fig. 1)">. It will be
shown how Fe(Il) and Mn(Il) ions can be coordinatively
discriminated using this ligand design.

Fig. 1. Metal core of a heterodinuclear Cu-Zn complex

In contrast, spintronic applications utilizing spin-electric
coupling by addressing molecular spin chirality can be based
on spin-frustrated molecular qubits, which require
a Cs-symmetric molecular design,*” for which the coupling
and energy-splitting schemes are given in Scheme 2.

S=3/2
S J S, = 3.
S1=S2=S3=1/2
S AE=3/2J
J J J< 0
A
S3

Scheme 2. Coupling scheme and energy splitting of a spin-
frustrated system
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Ligands based on the C;-symmetric design given in
Scheme 1 (right) are perfectly suited for such molecular
systems as we could show for different systems including
trinuclear Cu(I1)*®, Cc(II)’, and Fe(III) complexes’. The core
moiety of the Fe(Ill) complex is depicted in Fig. 2. This
ligand design can also be used to generate related lanthanide
complexes as potential single-molecule toroics.

Fig. 2. Metal core of a trinuclear C;-symmetric Fe complex

This  work  was  supported by the  Deutsche
Forschungsgemeinschaft (DFG).
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Pred 60 lety byly kovem katalyzované transformace
viceméné fantazii. V dne$ni dobé se kovem katalyzované
reakce bézn¢ pouzivaji pro tak sofistikované premeény, jako
jsou cross-coupling reakce, metateze a mnoho dalSich.
Piestoze se procesy katalyzované piechodnymi kovy staly
nedilnou soucasti organické syntézy, ucinnost pouzivanych
katalyzator neni zdaleka dokonald, a nékteré typy reakei jsou
stale priliSnou vyzvou. Dalsim aspektem, ktery vola po zméné
piistupu od drahych katalyzatord na bazi platinovych kovu je
jejich predikovand ro¢ni spotfeba. Tato zména je stézi
dosazitelna s katalyzatory na bazi uslechtilych pfechodnych
kovi, a alternativni katalyza zalozend na prvcich hlavnich
skupiny nebo jejich kombinace sprvky prvni fady
prechodnych kovl se zda byt, kromé zapojeni novych
materialt, organokatalyzy nebo kombinovanych pfistupt
elektro/fotochemie, jednim ze zptisobi, jak uspét.

V nas$i pracovni skupiné se zabyvame mnoha riznymi
pristupy ke studiu sloucenin nepiechodnych prvki, jejich
reaktivity a vyuziti. V rdmeci tohoto ptispévku bude souhrnné
diskutovdno  nékolik  recentnich  vysledkii v oblasti
koordina¢ni chemie nepiechodnych kovi a boru. Spole¢nym
znakem této prezentace bude zapojeni elektronové bohatych
ligandt obsahujicich dusik jdouce od amidd pfes amidinaty/
guanidinaty az po karbenové ligandy.
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FAZOVE A KRYSTALOCHEMICKE ROVNOVAHY
V SYSTEMECH S MISFITOVYMI A
MODULOVANYMI STRUKTURAMI
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technologickd, Technickd 5, 166 28 Praha 6, Ceskd republika
sedmidub@vscht.cz

V oblasti materidlového vyzkumu oxidi pfechodnych
kovli vzbudily v poslednich tfech dekadach nebyvalou
pozormost dvé skupiny materiald vysokoteplotni
supravodi¢e na bazi kuprati odvozenych od perovskitové
struktury a kobaltity pro vysokoteplotni termoelektrickou
konverzi. Vyznam téchto materiald pro aplikace ptedevsim
v oblasti energetiky je nesporny, nicméné¢ obé skupiny
vykazuji i1 fadu neobycejnych vlastnosti, jejichz popis
a interpretace jsou vyzvou pro rizné discipliny zakladniho
vyzkumu. Jednou z nich je nesoumétitelnost struktury
kobaltith (tzv. misfitové struktury) i nékterych zastupct
kupratti na bazi bismutu, pro jejichz popis se vyuzivaji (3+d)-
rozmérné superprostorove grupy (d=1-3) a specialni
programy jako JANA'.

Struktura misfitovych kobaltitdi je vystavéna z hexago-
nalnich vrstev [CoO,] tvorenych oktaedry CoOg se spolecné
sdilenymi hranami (typ Cdl,) a blokl se strukturnim typem
NaCl sestavajicich ze tii [CayCoO;] nebo ¢yt [Biy(Sr/Ca),04]
vrstev, pfi¢emz jeden z miizovych parametrt (b) je v kazdém
bloku riizny a jejich pomér by /brs je iracionalni Cislo. To
vede k chemickym vzorcim s neceloCiselnymi stechio-

metrickymi  koeficienty ipro dokonale uspofadané
a bezporuchové struktury: [Ca,CoOs][Co0Os]16 (Obr. 1),
[BiZSr204] [COOz]ng, [Bi2C3204] [C002]1’7. Kromé toho

mohou bloky typu NaCl akomodovat rizné defekty, jako jsou
vakance nebo substituenty na kationtovych podmtizich, stejné
jako komplexni modulované motivy.

Obr. 1. Struktura [Ca,CoO;] [C00;]6, = Ca;C040y s parametrem
nesouméritelnosti ¢ = b1/b, = 1,62

Modulované struktury oxidovych supravodicl, misfitové
struktury termoelektrickych kobaltitl stejné jako celd fada
dal$ich fazi s nesouméfitelnymi strukturami objevenych
v posledni dob¢ pfedstavuje vyzvu pro jejich termodynamicky
popis, zejména pokud parametr nesouméfitelnosti (modulaéni
vektor) ¢ vykazuje variabilitu vzhledem k prediktorim (7, p,
aktivita slozky, celkové sloZeni). BohuZzel Zadny z komer¢nich
programi pro vypocet fazovych a chemickych rovnovah nema

implementovan adekvatni model, ktery by zahrnoval
minimalizaci Gibbsovy energie vzhledem k tomuto
parametru.

V tomto piispévku byly k popisu misfitovych

amodulovanych fazi pouzity modely na rGzné urovni
slozitosti, od stechiometrickych fazi s realnymi koeficienty
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(pro B1SrC00) pfes idealni miSeni dvou koncovych Elent

s riznym obsahem kysliku (pro BiCaCoO)* az po komplexni
model zaloZeny na ,,Comy 4pound energy formalismu“ s 16
koncovymi ¢leny (CaCoO)”. V pfednasce budou prezentovany
kompletni termodynamické evaluace ternarniho systému
Ca-Co-O a kvarternarnich systémut Bi-Sr-Co-O a Bi-Ca-Co-O
véetné izotermickych a izoaktivnich (po,) fezli a projekci
likvidu pfislusnych fazovych diagramu. V piipadé popisu fazi
s proménlivou kyslikovou stechiometrii je nedilnou soucasti
termodynamického popisu detailni analyza experimentalnich
dat tepelné kapacity.

Bismutové supravodivé kupraty s obecnym (idealizo-
vanym) vzorcem Bi,Sr,Ca, ;CuyOspia4 Vg/kazujl kromé
riznych  substituénich poruch jako Bi**—Sr*" nebo
Sr**—Ca*" také modulaci struktury ve vrstvach BiOy.;p, ktera
je pri¢inou kyslikové nestechiometrie 8. Jak je patrné z Obr.
2, dochazi v disledku postupného vychyleni atomt O z jejich
idedlnich poloh k v¢lenéni jednoho atomu O navic v priubéhu
periody 4-5-nasobku zakladnitho mfizového parametru,
pficemz perioda modulace mize byt v ramci dané faze
variabilni.

’!.nmnmm
ORSRSuS!
O FLVAN29

Obr. 2. Modulovana struktura vrstev BiOg.;; v supravodifi
Bi,Sr,CuOQg.; s variabilni periodou ¢ = 4-5 X a (na obrazku ukézan
souméfitelny vektor g=4a), kde 5/2=¢"".

Podobné¢ jako v piipadé misfitovych kobaltiti je
nestechiometrie dosazeno bez jakéhokoliv ptispévku konfigu-
raéni entropie, vrstvy BiO5, jsou tedy kompletné
uspofadany (bez vzniku vakanci ¢i intersticialr), a¢ s periodou
odlisnou od zékladni struktury. V pfednasce budou na zakladé
experimentalnich dat® fAze Bi, Sty ,CuOg,; nastinény moznosti
jejiho termodynamického popisu a rovnovah s koexistujicimi
fazemi.

Tato price vznikla za podpory grantu GACR 20-03253S.
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KOMPLEXY - MATERIALY S LADITEENYMI
MAGNETICKYMI VLASTNOSTAMI

IVAN SALITROS™"

“ Oddelenie anorganickej chémie, Fakulta chemickej

a potravinarskej technologie, Slovenska technicka univerzita
v Bratislave, Radlinského 9, Sk-81237 Bratislava, Slovensko,
b Stiedoevropsky technologicky institut VUT, Purkyiova 123,
61200 Brno, Ceska republika

ivan.salitros@stuba.sk

Délezitou vlastnost'ou mnohych koordinaénych zltiéenin
je ich magneticka aktivita. Popri rutinne sa spravajucich
paramagnetickych komplexoch mozno pozorovat’ ,kuriozne*
magnetika, schopné menit svoje magnetické vlastnosti
v zavislosti od vonkajSich podnetov (zmena teploty, tlaku,
elektrického alebo magnetického pola, alebo oZzarovanie
svetlom)'. Do tejto skupiny patria napriklad znime
koordinacné polyméry s magnetickym usporiadanim
d’alekého dosahu (fero- alebo ferimagnety), ktorych region
magnetickej bistability je definovany Sirkou hysterézie
magnetizacie v magnetickom poli.

Popri fero- alebo ferimagnetickych materidloch vsak
existuju aj koordinacné zluceniny, ktoré vykazuju laditelné
magnetické vlastnosti na principe javu krizenia spinovych
stavov (tzv. ,,spin crossover” efekt, SCO)'. Ich magneticka
bistabilita ma pdvod v elektronovej Struktire komplexnych
Castic, a nevyzaduje vytvorenie magnetickych domén. SCO
jav mozno definovat ako vratni zmenu spinového stavu
v centralnom atéme komplexu, vyvolani najcastejSie zmenou
teploty alebo oZiarenim materidlu svetlom s charakteristickou
vlnovou dlzkou. Tento unikatny jav vykazuju komplexy,
ktorych centralne atomy maji valenénti konfiguraciu 3d*-3d’,
a Casto sa pozoruje v pripade zeleznatych komplexov
s N-donorovym aromatickymi ligandami alebo v pripade
zelezitych komplexov s chelatujucimi  N,O-donorovymi
Schiffovymi ligandami.

Zeleznaté SCO  komplexy vykazuji magneticku
bistabilitu medzi diamagnetickym LS stavom (S 0)
a paramagnetickym HS stavom (S = 2) (Obr. 1), pricom
zelezité SCO komplexy vykazuju spinovy prechod medzi
oboma paramagnetickymi LS (S = 1/2) a HS (S = 5/2) stavmi.
Komplexy v tychto spinovych stavoch sa navzajom lisia
roznymi fyzikdlnymi vlastnostami na molekulovej (vizbové
vzdialenosti, dip6lovy moment, objem molekuly,... ) ale aj na
makroskopickej urovni (magneticky moment, mriezkové
parametre, farba, merny odpor, tepelna kapacita...).

Aplika¢ne najzaujimavejSou moznostou prepinania
medzi LS a HS stavmi je aktivacia SCO prechodu svetlom.
Prepinanie medzi HS a LS stavmi moZzno vyvolat’ ozarovanim
materialu pri konStantnej teplote selektivnymi vInovymi
dlzkami, pricom takyto prechod by mal byt v idedlnom
pripade vratny a mnohonasobne reprodukovatelny (Obr. 1).
Fotoindukovany SCO prechod mozZno realizovat’ dvoma
sposobmi: 7) priamou excitdciou elektronov centralneho
atbmu  pomocou  mechanizmu  zachytenia  svetlom
indukovaného excitovaného spinového stavu (tzv. LIESST
efekt, z angl. ,,Light Induced Excited Spin State Trapping®)
alebo i) fotoizomerizaciou ligandovych casti, ktoré
vyvolavaju zmenu ligandového pola (tzv. LD-LISCO efekt,
z angl. ,,Ligand Driven — Light Induced SCO*).
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Obr. 1. Teplotne indukovany a fotoindukovany SCO prechod
Zeleznatého komplexu sledovaného pomocou magnetickych
merani

Magnetické stavy SCO komplexov mozno teda vratne
prepinat’ vonkaj$im zasahom, a to umoziuje ich mozné
vyuzitie v rOznych oblastiach nanotechnologii (zazna-
menavanie  informacii, senzorika, spintronika, nano-
mechanika...). No ich aplikacii stale brani viacero prekdzok
spojenych s existenciou magnetickej bistability pri
pracovnych podmienkach zariadeni (napr. izbova teplota,
atmosféricky tlak, vlhkost’ vzduchu...),” v ktorych by sa tieto
magnetické materidly vyuzivali. Preto je potrebné pripravovat’
nové koordinacné zluCeniny s magnetickou bistabilitou,
implementovat’ ich do hybridnych nanocastic, povrchov ¢i
mikroelektronickych zariadeni, S$tudovat ich (nielen)
magnetické vlastnosti a lepSie pochopit’ vlastnosti spinového
prechodu.

Prispevok sa venuje i) Zeleznatym koordinaénym
zliCenindm s tridentdtnymi aromatickymi N-donorovymi
ligandmi’® a i) Zelezitym koordinaénym zltGeninam
s pentadentatnymi Schiffovymi ligandmi®. V tychto triedach
magneticky aktivnych latok sa pozornost zameria na
molekulovy dizajn a raciondlnu syntézu organickych
ligandov, Struktiru a magnetické vlastnosti koordinaénych
zlicenin, fotomagneticka aktivitu a v neposlednom rade
moznost’ pripravy hybridnych sytémov — nanopovrchov
a nanoGastic, obsahujiicich magneticky aktivne komplexy*.

Prezentované vysledky vznikli vdaka financnej podpore
projektov: APVV-19-0087, APVV-18-0197, VEGA 1/0029/22.
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Porovité materidly su v anorganickej chémii pomerne
zname a zahffiaju Siroku skupinu latok ako su zeolity,
uhlikové nanotrubice, aktivne uhlie, aerogély, pilierované ily
a d’alSie. Mnohé z nich nasli svoje priemyselné uplatnenie
a su technologicky uzitocné pre cely rad aplikacii napriklad
v katalyze, sorpcii Cisteni plynov, premene energie
v palivovych ¢lankoch, lltlum ionovych batériach, sanacii
zivotného prostredia a d’als1ch

V poslednych dvoch dekadach nanopoérovité materialy
zazili svoju renesanciu, ktord suvisela s objavom novych
typov nanoporovitych latok. Prvyrn typom boli poérovité
materidly vSeobecne oznaCované ako periodickd mezo-
porovita silika (PMS) druhym typom zluceniny oznacovane
ako metal organic-frameworks (MOF, metalo-organické siete)’.
Objav tychto dvoch tried materidlov spada priblizne do
rovnakého obdobia a pre oba typy je -charakteristicka
pravidelnd poérovita ststava a velky Specificky povrch
(Obr. 1). Po chemickej stranke a z pohl'adu Struktiry su vSak
oba triedy materidlov zna¢ne odlisné. MOF predstavuji
skupinu koordinanych zliCenin, oznacujeme ich aj ako
porovité koordina¢né polyméry, ktoré patria
k intrakryStalickym poérovitym materidlom, t.j. ich porovity
systém je vysledkom pravidelnej krystalovej Struktary. Ta
vedie k vynimoénym, bezprecedentnym velkostiam
$pecifického povrchu, pozorovanymi pre tieto materidly, ¢o
ich predurcuje predovsetkym pre aplikacie v oblasti adsorpcie
plynov, katalyzy. Na druhej strane PMS patria k amorfnym
materidlom, t.j. steny pdérov s tvorené amorfnym oxidom
kremi€itym, avSak pory vykazuju pravidelné usporiadanie na
dlht vzdialenost. Chemické zlozenie a vlastnosti PMS
umoziuju ich lahkd chemicku modifikaciu a takto cielenie
ich vlastnosti pre konkrétny ucel. Taktiez z pohl'adu velkosti
poérov sa obe triedy materidlov lisSia. MOF patria prevazne
k mikropoérovitym materialom (pory velkosti < 2 nm), zatial’
¢o PMS prevazne k mezopdrovitym materidlom a ich typicka
velkost’ porov je 4—7 nm.

Obr. 1. a) HRTEM snimok poérovitej Struktiry PMS SBA-15.
b) Pohlad na porovita Struktiru v MOF zloZenia {[Ce(BTC)
(H,0)]-DMF},.

V ramci prednasky predstavim obe triedy spominanych
nanoporovitych materidlov v kontexte vyskumu, ktorému sa
venujeme na nasom pracovisku. V prlpade PMS sa sustredim
na ich aplikaciu ako sorbentov plynov*, ale aj inteligentnych
nosicov lieCiv a predstavim moznosti pouzitia PMS na
pripravu  systémov, ktoré uvolfiuju lie¢ivo vplyvom
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chemickych® (pH, redoxné procesy) alebo fyzikalnych®
(elektromagnetické Ziarenie’) stimulov, ako aj $tidium
cytotoxicity takychto systtmov a experimenty na
laboratornych zvieratdch. V ramci MOF, ktoré st krasne
a unikatne z pohladu ich $truktiry a topologle sa sustredlm
na aplikacie zahriiujuce adsorpciu plynov’, katalyzu® ale aj
pouzite ako moznych kompozitnych materidlov v Li-S
batériach’.

Tato praca vznikla aj za podpory grantov z agentur VEGA
(¢. 1/0865/21) a APVV (¢. APVV-20-0512).
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Metal-organic frameworks (MOFs) belong to the class
of microporous coordination polymers consisting of metal
ions and organic linkers with a large surface area and pore
volume, thanks to which they find diverse applications, for
example in gas adsorption and separatlon catalysis, drug
delivery, or as heavy metal adsorbents'. Currently, efforts are
being made to prepare composite materials containing, in
addition to MOFs, another meso/macroporous component
such as porous oxides (silica, titania, zirconia) or
hierarchically porous carbons to prepare materials with
advanced and unique properties®. Therefore, it is necessary to
synthesise MOF materials with small grain sizes, which can
be achieved, for example, by mechanochemical grinding and
incorporating them into the larger pores of the mentioned
meso/macro materials.

Our work intended to prepare two MOF materials,
HKUST-1 and MOF-76, whose common feature is the same
organic  component,  benzene-1,3,5-tricarboxylic  acid
(H;BTC), but they differ in the central atom, Cu(Il) for
HKUST-1 and Gd(III) for MOF-76. The different central
atoms and connectivity of the BTC linker caused the different
framework shapes and the porosity of materials (eg Seer
(HKUST-1) = 1500 m* g™* » Sper(MOF-76) =700 m” g 7). The
compounds can be prepared in the form of cubic (HKUST-])
and needle-like (MOF-76) crystals. The as-synthesized
materials were subsequently ground under different conditions
(rpm, time, number and type of balls) in planetary mills. Particle
size measurements by DLS and XPCS showed a decrease in
particle size from microns to nano, but PXRD showed that the
compounds” frameworks were destroyed under long-time
milling conditions. The textural properties of the original/ milled
materials were studied by nitrogen adsorption, which
demonstrated a reduction in the Spzr of treated materials.
Moreover, adsorption measurements of carbon dioxide at 0 °C
were also performed. More detailed impact of MOF milling
conditions on stability, textural properties and CO, storage
capacity will be presented in more detail at the conference.

This work was supported by APVV project SK-CZ-RD-21-
0068, LUASK22049 (INTER-EXCELLENCE II, MSMT),
KEGA 006UPJS-4/2021, and project from P. J. Safarik
University no. VVGS-2022-2123.
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Zatial' ¢o boli popisané mnohé ferocénové zluceniny
s fosforovymi donorovymi skupinami, chémia ferocénovych
ligandov obsahujucich tazsie prvky skupiny 15 ostava takmer
nepreskimand. Tento prispevok sa zameriava na donorové
vlastnosti a reaktivitu antiménového analdgu ikonického
a Siroko Studovaného ligandu 1,1’-bis(difenylfosfino)ferocénu
(dppt) Latka 1,1’-bis(difenylstibino)ferocén (I) bola
pripravena metalac1ou 1,1’-dibroémferocénu n- -butyllitiom
a naslednou reakciou s (dlfenyl)chlorstlblnom Schopnost’
latky I vystupovat’ ako ligand bola skimana pomocou reakcii
s roznymi prekurzormi prechodnych kovov (Ru(ll), Rh(III),
Pd(1l), Pt(II), Au(l)), ku ktorym sa I viaze v cheldtovom alebo
mostikovom mode. Rozdielna reaktivita latky I dava vzniknut
latkam, ktoré nemaju dppf protajsok. Reakciou I s tionyl
chloridom vznika stiboran fc(SbPh,Cly), (I1, fc = ferocén-1,1"-
diyl), ktory moze byt podrobeny hydrolyze alebo abstrakcii
chloridu pomocou AgX (X = NOj;, ClO,) v pritomnosti
stopového mnozstva vody za vzniku Sb—O—Sb mostikovanych
ferocenofanov fc(SbPh,X),0 (X = Cl (III), NO; (IV), CIO4
(V)). Oxidaciou I pomocou tetrafluoroboritanu nitrozonia
vznikol neocakdvany produkt Ph,SbfcSbPh,F,. Oxidacia I
chloristanom striebornym nesposobila vznik ferocénia.
Namiesto toho boli v zavislosti na latkovom pomere AgClO,
a ligandu pripravené dva strieborné komplexy. Vyssia afinita
antiménu k tvrd$im donorovym atdmom bola demonstrovana
reakciou II s fluoridom draselnym za vzniku fc(SbPh,F,),.
Pripravené latky boli charakterizované pomocou $tandardnych
technik a rentgeno$truktirnou analyzou, ak to bolo mozné.
Vseobecne je antimon povazovany za ,slabo koordinujuci
tazky fosfor”, ale nd§ vyskum ukazal, Ze to nie je Uplne
pravda.

Tdto prica vznikla za podpory grantu GACR 21-023168.
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A ORGANOKOVOU CHEMIU

STANISLAVA CIEFOVA, PETR SVEC, ALES
RUZICKA

Univerzita Pardubice, Fakulta chemicko-technologicka,
Katedra obecné a anorganické chemie, Studentska 95
Pardubice 532 10, Ceskad republika
stanislava.ciefova@student.upce.cz

Derivaty 1zomd01u mozno najst v  mnohych
rezistentnych plgmentoch liecivach, ale aj v prirode ako
sicast’ alkaloidov®. V ramci nasho vyskumu bol $tudovany
potencial tychto zlicenin taktiez v oblasti koordinacnej
a organokovovej chémie.

Pripravené boli protolignady na béaze substituovanych
diiminoizoindolov s vysokou variabilitou substituentov
a  rozmanitymi  vlastnostami. Zaujimavi  reaktivitu
vykazovali diiminoizoindoloy substituované acylhalogenidmi.
Tieto protligandy v svojej Strukture obsahuju karbonylova
skupinu, ktord im umoziuje vytvarat’ Sest’¢lenné metalocykly.
Pripravené boli mononuklearne (Z,4) i dinuklearne komplexy
(2), u ktorych je mozné, v niektorych pripadoch, pozorovat
vynimo¢né metalofilné interakcie.

Ar
>—OA| Me
N Me
,Dmp
N
R2
=R
N
> NH
~. .Dmp
N

Schéma 1. Vybrané §truktury pripravenych komplexov

Podobné metalocykly boli pripravené aj v pripade
diiminoizoindolv substituovanych guanidinovou jednotkou.
Vich Struktare sa vSak na koordindcii kovu podiela
guanidinovy dusik (3).

Navzdory tomu, ze diiminoizoindoly st roz$irené najmé,
v inych oblastiach chémie, tato praca poukazuje na fakt, ze
mozu ponuknut’ Siroké spektrum vizobnych moznosti a stat’
sa zaujimavymi protoligandmi v koordinacnej
a organokovovej chémii.

Tato prdca vznikla za podpory grantu GA CR 21-02964S.
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Multifunkéni  molekulové  magnetické  materialy
predstavuji zajimavou obast vyzkumu, ve které dochazi ke
kombinaci vice magnetickych vlastnosti, jejichz nositely jsou
samotné molekuly, kdy se pfedev§im jedna o molekuly
koordinaénich slougenin'.

Vtomto piipadé se snazime pfipravit
multifunkéni magneticky material, ktery by v sobé
kombinoval tzv. kiizeni spinovych stavi (z angl. spin
crossover = SCO) stzv. jednomolekulovym magnetismem
(s angl. single-molecule magnetism = SMM). V ramci tohoto
vyzkumu tak byly zkoumdny oktaedrické Fe(Il) komplexy
s makrocklickymi ligandy typu Py,-C (Obr. 1) odvozenymi
od cyklamu (1,4,8,11-tetraazacyklotetradekan), u kterych byl
v minulosti pozororan SCO. Tohoto spojeni s SMM mélo byt
dosazeno bud zavedemm vhodné koordinujici se funkéni
skupiny (p-aminobenzyl)*®, kterd by umoZiovala po jeji
jednoduché modifikaci koordinaci dalsiho kovu (typicky
lanthanoidu), anebo kokrystahzam izostrukrurnich komplext
Fe(II) a Co(Il) s ligandem Pyz-C Druhy postup se ukazal

takovy

systém Fe(Il) a Co(II) komplexi s tetrazolovym ligandem
endi (Obr. 1) vytvarejici koordinacni 1D polymer. Vysledky
jednotlivych postupd, jejich tuspéSnost a detaily jejich
provedeni budou bliZe pfedstaveny v ptispévku.

0 5
G P

NH>

IR

N\N N—N
R= .
endi
R'=R2=H Py,-C
R'=H,R2=R Py,-C-NH,
R'=R2=R Py,-C-(NH2),

Obr. 1. Strukturni vzorce studovanych ligandi

Tato prace vzmikla za institucionalni podpory Katedry
anorganické chemie PFF Univerzity Palackého v Olomouci.
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Polyazamakrocyklické ligandy se v radiomediciné
mozna diagnostickd/terapeutickd Cinidla. Kromé jinych
parametri je dulezité urychlit vzniku téchto komplexd, jelikoz
tip rozpadu veétsiny kovovych radionuklidd jsou kratké.
Protoze makrocykly obvykle komplexuji pomalu, je b&zné
zahiivani soli kovového radionuklidu s velkym nadbytkem
ligandu. Zahtivani na vysokou teplotu ale neni kompatibilni
s citlivymi biologicky aktivnimi substraty pro cilenou
radionuklidovou terapii ¢i zobrazovani pomoci PET/SPECT.

Tato prace se zabyva formacni kinetikou a mecha-
nismem vzniku komplexi Ln(Ill) s makrocyklem
18-py>2NyAcy, ktery obsahuje dva pyridinové kruhy a &tyfi
aminové skupiny s pendantnimi acetaty. Drive se ligand
znacil H%pyta a jeho studie jsou prekvapivé pomérné
omezené™

Komplexy Ln(IIT)-H4pyta jsou dekakoordinované
avelmi termodynamicky stabilni (tj. vhodné pro
radiofarmacii). Je ale nutné prozkoumat i jejich kinetické
vlastnosti. Ukazalo se, ze prubéh komplexace je (oproti
zlatému standartu H,dota)’ komplikovangjsi. Kombinace dat
z formacnich kinetik, UV-Vis spekter, NMR studii a struktur
v pevném stavu ukazala, ze komplexace probihd pies dva
dobte rozlisitelné d&je. Nejdiive kvantitativné vznika
kineticky izomer I, ktery se pomalu pfeménuje na konecny
termodynamicky izomer JI. Oba dé&e bylo mozné
kvantitativné popsat. Rychlost téchto d&ju zavisi jak na pH
roztoku (pro druhy krok je optimalni pH 3,5-5), tak na
teploté. Celkova komplexace je pouze mirné pomalejsi nez
pro komplexy Ln(IIT)-H,dota.

Obr. 1. Struktury intermediatu (izomer I, vpravo) a kone¢ného
komplexu (izomer 71, vlevo) v pevné fazi
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Koordinaci aktivované izokyanidy vzbudily pozornost
poté, co bylo zjisténo, ze znich lze snadno pfipravit
karbenové  komplexy adicnimi reakcemi  protickych
nukleofiltt!. Karbeny se v poslednich letech t&§i velkému
zajmu jako nova tfida ligandl pro pfechodné kovy a katalyzu.
Jejich prednosti je schopnost stabilizovat katalytlcky aktivni
centra a urychllt tim katalytické procesy’. Tato prace
pfedstavuje piipravu biskarbenovych zlatnych komplexu
s ferrocenovymi substituenty pomoci adi¢nich reakci amint’.
Vychozi latkou byl bis(izokyanoferrocenového)zlatného
komplex, ktery byl reakci aminGi na protické karbeny
Fischerova typu. VSechny nové pfipravené slouceniny
(schéma 1) byly charakterizovany pomoci NMR (aZz na
nerozpustnou latku V) IR spektroskopie, elementarni analyzy,
MS a jejich struktura v pevném stavu byla urcena pomoci
rentgenové difrakéni analyzy.

Fi 7
H H 4 il
PN Feo M
o, Q . &
* S 2 p-toluidin Au 2 dimethylamin
*

Schéma 1. Nové pFipravené komplexy
Tato prace vznikla za podpory UNCE/SCI/014.
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Viackrokovou organickou syntézou bola pripravena
Schiffova baza 2-{[(2-hydroxyfenyl)imino]metyl}chinolin-8-ol
(HLH) a jej S5,7-dibrém- (HBrLH) a 5,7-dijod-derivaty
(HILH) (Schéma 1), ktoré sa pouzili na syntézu komplexov
[Zr(L),]-2DMF (1), [Zr(BrL),]'DMF (2) a [Zr(IL),]-2DMF
(3). Pripravené produkty boli charakterizované elementarnou
analyzou, IC a NMR spektroskopiou, pomocou ktorej bola
sledovana aj stabilita pripravenych latok v DMSO, a v pripade
HBrLH, HILH a 3 aj monokrystalovou RTG Struktirnou
analyzou.

V komplexe 3 sa na centrdlny atéom zirkénia(IV)
chelatovo tetradentatne viazu dva ligandy IL cez dva atomy
kyslika adva atomy dusika. Mimo koordinacnej sféry su

pritomné molekuly DMF. V komplexoch I a 2
predpokladame analogicku $truktiru.
Kvoli zlej rozpustnosti bola Studovana in vitro

cytostaticka aktivita len komplexu 2 a jeho ligandu HBrLH
voci 8 rakovinovym bunkovym linidm rézneho pdvodu (kré¢ok
maternice, hrubé ¢revo, pankreas, koza, prsnik, plica, pecen
akrv) aich selektivita bola Studovana voci zdravej bunkovej
lini BJ-5ta (l'udské dermalne fibroblasty). HBrLH je
porovnatelne aktivny s referenénym lie¢ivom, cisplatinou,
av8ak komplex 2 vykazoval niz8iu biologickt aktivitu.
Selektivita 2 ani HBrLH nebola pozorovana.

X
A
AN X = H/Br/I
X NP
OH H OH

Schéma 1. Struktiirny vzorec ligandov HLH, HBrLH a HILH

Tato praca vzmikla za podpory grantov VEGA 1/0126/23,
VVGS-PF2022-2134 a VVGS-2022-2182.
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Intramolekularni aktivace ligandi v komplexech rané
prechodnych kovd, téma zakladniho vyzkumu
organokovovych a koordinac¢nich sloucenin, které souvisi
s aplikovanym vyzkumem katalyzatori pro reakce tvofici
vazbu C-C.

V dfivéjsich pracich jsme prokazali pouziti titanocen-
hydridového komplexu pro katalytickou hydrogenaci alkynt
adiend vedouci k pfislusnym olefinim a nasycenym
uhlovodikéim pii nizkém tlaku vodiku a laboratorni teplots'.
Byla studovana pfiprava novych sloucenin titanu za vyuziti
termickych a fotolytickych aktivaci vytésnénim etylénu
alkyny?.

Tento ptispévek si klade za cil ukéazat, Ze titanocenové
slouceniny s aktivovanou methylenovou vazbou jsou cennymi
Cinidly pro syntézu nejriznéjSich derivatl titanocenu.
Vyuziva se pfi tom nachylnosti intramolekularni vazby Ti—C
k inzerénim reakcim s vicenasobnymi nebo polarnimi
o-vazbami.

aktualni vysledky

inzerce

%“?

&

aktivace Ji
malych molekul

predchozi studie

Aktualni vysledky popisuji schopnost nizkovalentni
sloucenin titanu aktivovat CO, za sou¢asného zabudovani této
molekuly do své struktury®. Motivace pro tuto studii pochazi
ze schopnosti titanovych sloucenin obsahujicich poutanou
methylenovou vazbu vkladat do této vazby Ti—C ketony.
Inzerce molekuly oxidu uhli¢itého tak otevira cestu k vysoce
stabilnim titanocenovym slouceninam obsahujicim navazanou
C=0 skupinu schopnych dalsi derivatizace.
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Frustrated Lewis pairs (FLPs) are a rapidly expanding
group of hydrogenation catalysts based on sterically hindered
Lewis acids (LAs) and Bases'. The most common LAs are
electron deficient boranes with perfluoroaryl substituents but
these typically suffer from low thermal and hydrolytic
stability. Herein, we present more robust LAs based on tin
and aluminium that form FLPs together with 2,4,6-collidine
and allow catalytic hydrogenation of CO, with H,. In the
presence of secondary amines these reactions yield
formamides with simultaneous elimination of water.

O _H

10 mol% FLP cat.
e e [ ] + H0

H

N
() + cor s 1y

(6]

Sn-Lewis acids

X = CI, OTf, NTf,, CIO,

'Pr *Bu Cy Nph
Al-Lewis acids
R
R = phenyl
R R _ pheny .
X = Cl, OTf, ClO4", NTf,
R

Mechanistic investigations showed that the reactions
proceed by reduction of CO, to ,free‘ formate, which
subsequently reacts with the amine to yield formamide.
Moreover, CO, reduction is so fast that N-formylation of
amines can be achieved in the presence of alkenes, ketones,
esters and carboxylic acids without their concomitant
reduction®.

This work was supported by Czech Science foundation project
21-27431M (MH).
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Koordina¢né zlGceniny medi st zaujimavé pre svoje
potencidlne vyuzitie v radiomedicine pri zobrazovani
pomocou metdody PET aj radioterapii. Toxicita samotného
radioizotopu kovu vyZaduje, aby bol do tela aplikovany vo
forme komplexu s vhodnym ligandom. Pre koordinaciu
med’natého i6nu st vhodné rézne polyazamakrocykly, medzi

nimi  hlavne  derivaty cyklamu  (1,4,8,11-tetraaza-
tetracyklodekanu)'.
Potencialne radiofarmaka sa musia vyznacovat

termodynamickou stabilitou, k comu prispieva makrocyklicky
efekt ligandu, a kinetickou inertnostou, aby v organizme
nedochadzalo k vyvézovaniu i6nu kovu. Tieto vlastnosti
mozu byt vylepSované zavadzanim vhodnych koordinujucich
pendantnych ramien na cyklamovy skelet.

Viaceré vyhody maji pendantné ramena na baze kyselin
fosforu. V predchadzajucom s$tudiu bolo ukazané, Zze
fosfonatové aj bis-(fosfinditové) ramena réznymi sposobmi
zvysuju rychlost’ komplexacie na derivat makrocyklu pri
zachovani kinetickej inertnosti, ¢o umoznuje le 2ps1e vyuzit
potencial akt1V1ty koordlnovaneho i6nu radiokovu~.

Na$im zadmerom bolo pripravit jeden zprvych
nesymetricky substituovanych derivatov cyklamu, ktory by
spajal vyhody fosfonatového a bis-(fosfinatového)
pendantného ramena (Schéma 1). Aby bolo mozné latku
syntetizovat' bolo nutné vychadzat' =z novopripraveného
ortogonalne chraneného makrocyklu, vyuzita bola kombinacia
skupiny Boc a benzylovej chraniacej skupiny (Schéma 1).

Obe pendantné ramena st na makrocyklus zavedené
reakciou Mannichovho typu. Bis-(fosfinatové) rameno musi
byt modifikované hydroxometylaciou, aby bolo mozné
odstranit’ benzylové skupiny v poslednom kroku reakénej
schémy. V sucasnosti prebichaju merania koordinac¢nych
vlastnosti pripraveného ligandu.

Boc\ A _Bn

Schéma 1. Nové pripravené zliceniny
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A UNIFIED SYNTHETIC APPROACH TO POROUS
HYBRID SINGLE-SITE METALLOSILICATES
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b University of Tennessee, Department of Chemistry,
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A low-temperature non-hydrolytic sol-gel strategy to
produce uniformly dispersed metallosilicate sites in highly
porous hybrid silicate matrices is reported. The materials can
be used either directly as catalysts or as well-defined model
systems in the research and development of heterogeneous
catalysis. In the procedure, the readily available'?
spherosilicate molecular building block (Me;Sn)sSigOy is
cross-linked in two steps by irreversible condensation
reactions with high-valence d- and p-block chlorides and alkyl-
metals in toluene or THF. The corresponding SnMe;X
(X=Cl, Me, Et) species are liberated as byproducts and
statistically connected rigid amorphous micro- to mesoporous
networks are formed. Initially, a limited amount of the metal
site precursor (e.g., pyridine— —AlX;,}  Et;N- AlMe3,
[MC4N] [AlCl4] Zl’lEtz, SbCl3, PthbClz, PC13, T1C14,
VOCls,'"" is introduced to an excess of the building block to
achieve full condensation. Minimum site separation of ~1 nm
is forced by the bulky building block leading to a high degree
of spatial uniformity (observed by STEM-EDS) as well as
sharp spectroscopic signatures (observed by *'P MAS and
27 AI TQ/MAS NMR techniques). In the second step, a limited
amount of a ditopic hybrid linker is added to produce
extensively cross-linked gels while maximizing the
probability of full condensation. The byproducts of the
condensation reactions are inert, volatile, and they do not
interfere with the subsequent steps. This way, a variety
organic ligands and sensitive moieties (pyridine—Al(OSi=);,
Sb(0Si=);, Ph3Sb(0Si=),) could be incorporated. The limits
of the system and the interplay of parameters, such as site
loading, linker flexibility, stoichiometry, and solvent effects,
were explored and correlated with structure, condensation,
and porosity.

The financial support by GACR Junior 20-03636Y and the
CIISB research infrastructure project LM2018127 funded by
MEYS CR is gratefully acknowledged.
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ANTIPROLIFERATIVNE MEDNATE KOMPLEXY
SO 7-BROM-8-HYDROXYCHINOLINOM
A JEHO DERIVATMI
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Derivaty 8-hydroxychinolinu so svojimi vyraznymi
biologickymi u¢inkami ponukaju Siroké spektrum vyuzitia vo
farmaceutickom priemysle'. ~ Studovanych bolo mnoho
derivatov, u ktorych koordinaciou na centralne atomy kovov,
doglo k vyraznému zvyseniu biologickej aktivity”.

Trojica syntetizovanych derivatov 7-brom-8-hydroxy-
chinolinu  (H7-BrQ):  5-chlér-7-brom-8-hydroxychinolin
(HCIBrQ), 5-j6d-7-brém-8-hydroxychinolin (HIBrQ)
a 5-nitro-7-bréom-8-hydroxychinolin (HNBrQ) sa pouzila na
pripravu novych mednatych komplexov zlozenia [Cu(7-BrQ)]
(D), [Cu(CIBrQ).] (2), [Cu(IBrQ)] (3) a [Cu(NBrQ),(DMF),]
(4). Tieto boli charakterizované infrac¢ervenou spektroskopiou
a elementarnou analyzou a pre komplexy 1, 2 a 3, a ligandy
HCIBrQ a HIBrQ bola vyrieSena krystalova Struktara.
Stabilita  $tudovanych  komplexov  vroztoku DMSO
a DMSO:H,O (1:1) bola overend UV-Vis spektroskopiou
porovnanim so spektrami tuhych latok meranych tzv.
nujolovou technikou.

Antiproliferativna aktivita pripravenych komplexov a im
prisluchajucich ligandov bola Studovand na 7 liniach
rakovinovych buniek, doplnena o $tidium selektivity, Studovanej
na jednej linii zdravych buniek (Cos-7). Najvyraznejsia aktivita
bola zistena pre komplex 4 (ICso = 5,4-7,7 uM), ktory vykazoval
aj vyraznu mieru selektivity.

X
X=  H(H7-BrQ)
| N Cl (HCIBrQ)
= | (HIBrQ)
N Br NO, (HNBrQ)
OH

Schéma 1. Struktirny vzorec pouZitych ligandov

Tato praca vznikla za podpory grantov VEGA 1/0126/23,
VVGS-PF2022-2134 a VVGS-2022-2182.
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OBJEMNE TETRA/PENTATOPICKE LIGANDY
A\ POROVITYCH KOORDINACNYCH
POLYMEROCH
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Prezentovana praca sa venuje porovitym koordinaénym
polymérom znamym ako metalo-organické siete (MOF). Tieto
zlG¢eniny v sebe spajaju anorganicku a organickl chémiu,
pri¢om zabudovanim porfyrinov a ich derivatov do Struktury
MOF vznika nova podtrieda tejto chémie a to tzv. metalo-
porfyrinatové siete (MPF). Zluceniny typu MOF/MPF
nachadzaju svoje uplatnenie v Sirokom spektre aplikécii od
uskladnovania a separacie plynov heterogénnej katalyzy,
v blomedlcmskych aplikaciach az po energetlcke aplikacie v
Li-S batériach'. Experlmentalna Cast’ prace je rozdelend do
dvoch podkapitol a tymi st chémia zli€enin typu MPF a typu
MOF. V prvej casti boli zosyntetizované Styri nové metalo-
porfyrinatové siete a jedna zlucenina typu MPF modifikovana
post-syntetickymi metodami s cielom zlepSit' jej vlastnosti.
V podkategérii MOF bola zosyntetizovana nova organicka
kyselina H{MTA, ktora bola plne charakterizovana a vyuzita
ako stavebna jednotka zlucenin typu MOF. Celkovo bolo
zosyntetizovanych osem novych zlucenin a jedna zlicenina
uspesne post-synteticky modifikovana dvomi iénmi kovov.
U Siestich zluc¢enin, ktoré boli ziskané v krystalickom stave,
bola rieSend ich krystalova Struktira. Vsetky zluceniny boli
charakterizované celym spektrom fyzikalno-chemickych
metod. Z vysledkov infraervenej spektroskopie sme dokazali
pritomnost organickych casti a molekal rozpustadiel
v dutinach pripravenych latok. Vysledky ,.in-situ® DRIFT
spektier s ohrevom v kombinacii s termickou analyzou boli
vyuzité pre urcenie podmienok aktivacie koordinacnych
polymérov. U vybranych zlicenin bola $tudovana vysoko-
energeticka praskova RTG difrakcia (HE-PXRD). Sorpéné
vlastnosti boli $tudované pomocou adsorpcie/desorpcie
adsorbatov ako didusik, argén, oxid uhlicity, divodik a metan.
U vsetkych zlucenin boli charakterizované textirne vlastnosti
ako velkost’ $pecifického povrchu a objem poérov. Vybrané
zlG¢eniny nasli uplatnenie v roznych sférach aplikacii od
nizko/vysokotlakej adsorpcie plynov, adsorpcie divodika
alebo v energetickych aplikdciach ako aditiva do Li-S batérii
a v neposlednom rade aj v biomedicinskych aplikaciach ako
katalyzator vyvoja singletového kyslika.

Predkladana prdaca vznikla s podporov grantov: VEGA
1/0865/21, APVV VBLT (SK-CZ-RD-21-0068), VVGS-2023-
2538 a spickovy vyskumny tim MSVVaS SR — TRIANGEL.
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BIS(BENZIMIDAZOLOVE) KOMPLEXY, SYNTEZA
A JEJICH VLASTNOSTI
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Benzimidazol je bicyklicka molekula slozena
z benzenového a imidazolového kruhu. Tato sloucenina je
izostrukturni s ptirozené se vyskytujicimi nukleotidy. Jeho
podobnost s pfirodnimi molekulami vedla k piipravé derivati,
které 1ze vyuzit v medicinalni chemii. Velmi $iroké spektrum
biologickych aktivit, zahrnuje antimikrobialni,
antimykotickou, antivirovou, antioxidac¢ni, protizanétlivou,
antidiabetickou, antiparazitni, antihelmintickou, antikoagu-
lacni, antialergickou, antiprotozoalni, antikonvulzivni,
protinadorovou a cytotoxickou aktivitu.

Kromé toho lze benzimidazoly vyuzit jako optické
senzory pro biologické zobrazovani a ve fotovoltaice. Na toto
téma existuje nejen mnoho praci, ale take fada ptehledd,
napiiklad o lanthanmdovych komplexech!, o komplexech
pfechodnych kovt prvm fady a komplexech ptechodnych
kovii druhé a tieti rady 3

Vnasi praci jsme se zaméfili na pfipravu bis
(benzimidazoli) a jejich komplexd, které vykazuji predevsim
biologickou aktivitu. Tyto slouceniny lze vyuzit jako mustky
mezi kovovyml centry nebo chelataéni ligandy s atomy
dusiku, kysliku &i siry*.

{ N
\/\:\\\ ‘ \\}\ A
(ks TN
\”47 (%%6
et <\_\/
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Obr. 1. Struktury komplexnich kationti nikelnatych s bis(benz-
imidazoly). Zleva [Ni;(tebb);(H,0)s;(p-ttc)], [Ni(tebb),]
a [Ni;(abb);(H,O);(p-ttc)]; abb = 1-(1H-benzimidazol-2-yl)-N-(1H-benz-
imidazol-2-ylmethyl)methanamin, ttcH; = trithiokyanurova kyselina,
tebb = 2-[2-[2-(1H-benzimidazol-2-yl)ethylsulfanyl]ethyl]-1H-benz-
imidazol.
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STUDIUM MAGNETICKYCH VYMENNYCH
INTERAKCI A ANIZOTROPIE .
U HETEROBIMETALICKYCH KOMPLEXU
LANTHANOIDU
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Komplexy lanthanoidi jsou v soucasnosti velmi
studovanou skupinou latek v oblasti vyzkumu molekulového
magnetismu v syntéze jedno molekulovych magnetu kterym
je veénovana tato prace, maji velmi dule21tou ?02101 hlavné
komplexy tézsich lanthanoida, zejmena Dy Tb™ a Er'™,

Tato prace je vénovana pripravé série komplexu cu -
Ln™ (Gd, Tb, Dy) s ligandem typu Schiffovy baze (Schema 1)
s obecnym slozemm [CuLn(L)(NOs3);]. Tyto komplexy jsou
izostrukturni, obsahuji meéd’ s koordina¢nim Ccislem 4
a geometrii ve tvaru ¢tverce, a ionty lanthanoidt s koordi-
na¢nim ¢islem 10 a geometrii ve tvaru Ctrnactisténu (C,).
Obecné je u sloudenin tohoto typu trendem, Ze se
v komplexech Cu-Ln vyskytuji vétSinou ferromagnetické
Vymenne interakce, a ze tyto slouceniny mivaji potenc1alne
zajimavé vlastnosti Jako jedno-molekulové magnety'.

Schéma 1. Schéma struktury ligandu L

Tyto koordina¢ni slouceniny byly nasledn¢ studovany
pomoci magnetochemickych a teoretickych metod, s cilem
popsat jejich magnetické vlastnosti, zejména parametr U,g
typicky pro jedno molekulové magnety, a velikost a typ
magnetické vyménné interakce pomoci jedné z metod
dostupnych pro 3d-4f komplexy®.

Tato prace vznikla za podpory grantu IGA_PrF 2023 007.
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Dekavanadiénanovy anion, H,V;o0.“ ™", je hlavnou
Casticou v roztokoch vanadi¢nanov pri koncentracii nad 1 mM
a v pH rozsahu 2-6. Tento anion ma mnoho biologickych
ucinkov (napr. inhibicia ATPaz, depolarizacia mitochon-
dridlnej membrany, antimikrobiadlne a antivirotické ucinky),
ktoré vyplyvaji najmé s jeho schopnosti interagovat’ s b1o-
makromolekulami. Hoci existuju stovky soli H V]0028 R
menej Casté su dekavanadatokomplexy a eSte menej st jasné
podmienky ich vzniku. V tomto prispevku sa zaoberame
systematlckym Stadiom vzniku a izoldcie komplexov
H,V100,®™" za variabilnych podmienok, tj. zmena
koncentracie, ligandov, centralneho atomu. Tieto Studie
priniesli cenné vysledky v oblasti dizajnovania Struktury
dekavanadatokomplexov do buducnosti. Bolo pripravenych
a charakterizovanych pat novych latok (Somasundaraam,
J.D. et al., 2023):

(Hnad)2{[CO(HQO):,(I’!Gd)z]z[,LbV]0028]} 6H20 I, {[CO(H20)4

(izo-nad),]3}V 10028"4H,0 11, {[Co(H,0)4]o[Co(H,0)a(u-pza),]

[4-V100as]} -4H,0 1L, {[Co(H20)4(ut-pza)]3.V 10028}

“4H,0 IV, (NHy)o{[Ni(H,0)4(2-ep)]2} V10025 2H,0 V, nad
= nikotin-amid, izo-nad = izonikotinamid, pza = pyrazinamid,
2-hep = 2- hydroxyetylpyridin

Latky I a III st dekavanadatokomplexy, latky I, IV a V
su komplexné soli s V100", 'V NMR spektroskopla
potvrdila, ze latky I a III su stabilné vo vodnych roztokoch.
Ani jedna latka nevykazovala preukdzatelnu interakciu
s modelovymi proteinmi taumatin, lyzozym a proteinaza K.
V reakcii katalytickej oxidacie vody dosiahla latka I az
9-nasobnu ucinnost’ oproti nekoordinovanému H Vmozg((’ -
produkujic 143,37 nmol O,. Latka I je navySe menej toxicka
vo¢i bunkovym liniam A549 o 40 % (0,05 mM) a Hela

026 % (0,1 mM).

Tato praca bola podporend Vedeckou grantovou agentirou
Ministerstva Skolstva Slovenskej republiky a Slovenskej
akadémie vied, Projekt VEGA ¢. 1/0669/22.
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STRUCTURAL AND SOLUTION STUDY OF
SCANDIUM(III) COMPLEXES WITH PHOSPHONATE
DERIVATIVES OF H,DOTA
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Radioisotopes of metal ions are used as a part of
experimental metal-based radiopharmaceuticals. Among the
metal radioisotopes, scandium ones have potential be used in
medicine. The positrons emitors ( 3Se tn=39h and *Sc tin
= 4.0 h) could be used for p0s1tr0n emlsswn tomography
(PET) and that with B’ emission ( 'Sc f, = 80 h) for
therapeutic applications®. The Sc(III) must be bound in
a stable and inert complexes. Despite of favorable properties
and increasing availability of Sc-radioisotopes, fully suitable
ligands for Sc(Ill) for in vivo applications have not been
published®.

Common chelators for metal ions in
radiopharmaceuticals are derivatives of polyazamacrocycles.
Very hard Sc(Ill) ion forms the most stable/inert complexes
with DOTA-like ligands* and phosphorus(V) oxoacids are
hard Lewis basis, so it should suits to Sc(Ill) ion
requirements.

In this contribution, we present series of cyclen-based
ligands (Fig. 1) containing phosphonate and acetate pendant
arms to investigate influence of their number on properties if
Sc(IIl) complexes. Their Sc(III) complexes were prepared and
fully characterized by spectral methods. Solid-state structures
of some of them were determined by X-ray diffraction.
Structural parameters were evaluated and compared with
solution properties to determine the most suitable ratio of
phosphonate and acetate pendant arms for good complexation.
Dissociation kinetics of the prepared Sc(IIl) complexes was
studied as well.
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Fig. 1. Structure of investigated phosphonate derivatives of
H,DOTA

This work was carried out in frame of NECTAR COST Action
(CA18202) and was supported by the Ministry of Education of
the Czech Republic (LTC20044) and Grant Agency of the
Charles University (No. 407322).
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TERNARNI MAKROCYKLICKE KOMPLEXY KOVU
S FLUORIDOVYM ANIONTEM PRO VYUZITI
V POZITRONOVE EMISNi TOMOGRAFII
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Radiofarmaka obsahujici ve své struktufe radioizotop
'8F nagla sva uplatnéni v radlodlagnostlce jiz pred desitkami
let. V soucastnosti bylo ptipraveno a studovano celé spektrum
latek obsahujici ve své struktufe navazany atom fluoru
na nekovovy prvek v molekule. Do této skupiny patii i nejvice
vyuzivané radiofarmakum pro pozitronovou  emisni
tomografii '*F-fluorodeoxyglukosa'. Vyuziti latek tohoto typu
se mnohdy potykd s problémy, které pievazné spocivaji
v piipravé znacenych analogi a neselektivni kumulaci
v organismu.

Tento projekt je zalozen na piipravé makrocyklickych
komplexl s nenasycenou koordinacni sférou, které umoznuji
v poslednim kroku navazat fluoridovy anion (Schéma 1).
Pokud je tvorba ternarniho komplexu rychla a komplexy
vykazuji vysokou stabilitu za fyziologickych podminek, je
mozné komplex dale modifikovat o bioaktivni molekulu
(targetujici skupinu) umoziujici specifickou kumulaci v téle
pacienta. Dfive byly podrobné studovany nckteré hhmte
komplexy, které se dostaly az do preklinickych studii’.
V ramci tohoto projektu byly studovany komplexy dalsich
tvrdych kovovych iontd jako jsou Ga®* &i Zr*', které vykazuji
znaénou afinitu k fluoridovym aniontim a s vhodnymi
ligandy mohou tvorit kineticky i termodynamicky stalé
komplexy’.

Schéma 1. PFiprava ternarniho makrocyklického komplexu
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vKovzczach Moyzesova 11, 041 54 Kosice, Slovenskd
republika, ® Centrum in§trumentdlnych technik, Ustav
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Kumarin a jeho derivaty su Studované vdaka pomerne
Sirokému spektru biologickych vlastnosti (antikoagulacna,
protlrakovmova antibakteridlna, antifungalna, anti-HIV
aktivita)', ¢o ztychto zluenin robi zaujimavé ligandy pri
syntéze komplexov prechodnych kovov v oblasti medicinskej
chémie. Publikované komplexy medi® s derivatmi kumarinu
vykazuju zaujimavi cytotoxicki aktivitu, v niektorych
pripadoch je tato aktivita a zaroveil aj selektivita voci
nadorovym bunkdm vyssia v porovnani s cisplatinou.

Na zaklade uvedeného boli pripravené 4 nové derivaty
kumarinu, a to 3-(1-(2-pyridylamino)etylidén)-2H-chromén-
2,4-dién (HL) a jeho halogénderivaty (Schéma 1), ktoré boli
pouzit¢ ako ligandy pri syntéze komplexov medi(Il).
Pripravené ligandy ako aj komplexy boli charakterizované IC
a NMR spektroskopiou a CHN elementarnou analyzou.
V pripade ligandu HL amednatych komplexov s tymto
ligandom a jeho F a Br-derivatmi bola rieSend ich krystalova
Struktira. Protinadorova aktivita pripravenych komplexov
a ligandov bude Studovana na vybranych nadorovych liniach.

X
N~
o} HN
X
CH,
0" Xy X=H,F,ClBr

Schéma 1. Syntetizované derivaty kumarinu
Tato praca vznikla za podpory grantu VEGA 1/0126/23.
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gabriela.kuzderova@student.upyjs.sk,

Infekcie vyvolané patogénnymi mikroorganizmami sa
dnes povazuju za jednu znajvacSich hrozieb globalnej
zdravotnej starostlivosti o om sved¢i aj pretrvavajuce
ochorenie COVID-19. V désledku vzniku a rychleho Sirenia
rezistencie mlkrorganlzmov na antibiotika je potrebné Vyvgat
nové a u¢inné latky na boj proti mikrobialnym ochoreniam'.

Najcastejsie Studovanymi anorganickymi materidlmi su
zlﬁéeniny na baze striebra, ked’Ze je preukazané, Ze striecborné
iony dokdzu efektivne poskodzovat bunkovii membranu
a geneticky material patogennych buniek?®. V savislosti
s tymito poznatkami si prave komplexné zluCeniny striebra
vhodné na liecbu mikrobidlnych infekcii, ktoré dokazu aj
efektivne zvySovat terapeutické ucinky antibiotik. Ddlezity je
aj vyber ligandu v tychto zliceninach. Idedlnymi kandidatmi
si aminokyseliny alebo peptidy, ktoré predstavuji nizku
toxicitu, pretoze su to latky, ktoré sa prirodzene vyskytuju
v ludskom tele’.

V prispevku bude prezentovana charakterizacia
pripravenych koordinaénych zlicenin striebra na baze
glycinovych a prolinovych aminokyselin a vybranych druhov
dipeptidov spolu s vysledkami testovania antimikrobidlnej
a protinadorovej aktivity vybranych striebornych komplexov.

Tato praca vznikla za podpory slovenskych grantov VEGA
(cislo grantu: 1/0037/22), KEGA (c¢islo grantu: 006UPJS-
4/2021) a VVGS (cislo grantu: 2023-2543).
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MACROCYCLIC CHELATORS FOR SELECTIVE
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Radioisotope %Ga is currently the most used metal
radioisotope 1n PET (positron emission tomography)
The price of ®®Ga is significantly lower than price of
commonlﬁy used radioisotopes thanks to its accessibility by
portable ®Ge/**Ga generator. For Ga(IIl) clinical application,
it is necessary to use compounds with targeting vectors
(molecules with specific cumulation in tissues). Stable
connection can be achieved using macrocyclic chelators,
which form thermodynamically stable and kinetically inert
complexes with Ga(Ill). Complexes of Ga(Ill) must be
formed at low pH. The complexation is usually slow in acidic
solutions, therefore the aim in this area is to find chelators
with fast complexation in these harsh conditions'.

Common chelators with acetic pendant arms are not
optimal for complexation in acidic solutions because of their
high protonation constants. On the other hand, phosphinate
groups showed better properties for the complexation of Ga
(II), thanks totheir low protonation constants and
preorganisation for the complexation of small ions®.

This project is focused on chelators with methylene-bis
(phosphinate) pendant arm. Novel chelators I — III bearing
this pendant arm were synthetized. These chelators are based
on TACN macrocycle (Figure 1). Their acid base properties
and stability constants with Ga(IIl), Ni(II), Cu(II) and Zn(II)
were  studied by potentiometric titrations. UV-Vis
spectroscopy and NMR were utilized to study the formation
kinetics of Ga(Ill) complexes. The main goal was to study
radiolabelling of these promising compounds and the
pharmacokinetics of ®*Ga complexes in-vivo. The formation
kinetics of these complexes, radiolabelling and
behaviour in-vivo were compared with a variety of
chelators bearing phosphinic or phosphonic pendant arms
(v -vI).

\ / \
R\ NR Hooc™ “coon R P N/\ﬁ 'k
0
Coy N Cay
o) KO (e}
I | I PO3zH [I_OH
KP/\P F" 32 kl?
| |
OH OH OH  POsH, R
! R=H V R=O0Et
v VI R =CH,CF3

Il R=CH,COOH

Il R = CH,PO,H, VIl R = CH3NH,

Vill R = CH,NBn,

Fig. 1. Chelators studied for complexation of Ga(III)
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SYNTEZA A KOORDINACNI VLASTNOSTI
HYBRIDNIHO FERROCENOVEHO
FOSFINOAMIDINU
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Cilem tohoto pfispévku je prezentovat optimalizovanou
syntézu a koordinani vlastnosti nového hybridniho
ferrocenového fosfinoamidinu 7, ktery rozsifuje knihovnu jiz
znamych heteroanularné funkcionalizovanych ferrocenovych
fosfind, nesoucich polarni ba21cky substituent a potencialni
donor (analogicky guanidin II)'. Koordinaéni vlastnosti
ligandu byly studovany v reakcich s vhodnymi Pd(II)
prekurzory a také s polosendvi¢ovymi komplexy zbylych
prvki triddy lehkych platinovych kovil. VSechny latky byly
studovany prostiednictvim NMR a IC spektroskopie,
hmotnostni spektrometrie, elementarni analyzy ve vybranych
ptipadech také prostiednictvim rentgenostrukturni analyzy.

< PPh: —, PP,

Fe

Fe
NMe, . oo’ “NHi-Pr
I /]

Schéma 1. Struktura ligandu 7 a analogického guanidinu 77

Ligand byl ziskdn reakci primarniho ferrocenového
fosfinoaminu® s dimethylformamid-diethylacetalem.
Testovana byla potifeba chranéni difenylfosfinové skupiny
prostednictvim tvorby aduktu s boranem. Reakci ligandu byl
poté s [PdClz(MeCN)Z] v zavislosti na stechimetrii reakce ziskan
komplex [PACL(I-*P,N)], piipadné trans-[PdClL(I-P),]. Dale
byl ligand ponechan reagovat s polosendvicovymi dimernimi
prekurzory Ru(Il) a Rh(Il) za zisku pfislusnych «P-
komplexti, znichz byly nasledné¢ abstrakci chloridu
ptipraveny pfislusné P,N-chelatové komplexy.

Tato price vznikla za podpory grantu GA CR 23-06718S.
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METALO-ORGANICKE SIETE S MULTITOPICKYMI
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Tato praca sa zameriava na zluceniny typu metalo-
organickych sieti, ktoré vo svojej Struktire obsahuji
multitopické ligandy. Prvym typom ligandov st porfyrinatové
ligandy, ktoré patria medzi tetradentatne zluceniny ako
napriklad ligand H4TPPS (H,TPPS=kyselina 4,4'.4"4"-
(porfin-5,10,15,20-tetrayl)tetrakis(benzénsulfonova))'.

Kombinéciou spominaného ligandu a iénov kovov ako
su Pr(Ill), Eu(Ill) alebo Sm(IIl) sa nam podarilo pripravit
nové metalo-porfyrinové siete, konkrétne {[Prs(H,TPPS);]-
11H,0}n (UPJS-10) a {[Ew/Sm( H,TPPS)] - H;0" - 16H,0},
(UPJS-11) (H,TPPS=4,4',4",4"-(porfyrin-5,10,15,20-tetrayl)
tetrakisbenzénsulfonat(4-)). Tieto zluCeniny boli dalej
skimané pomocou dostupnych fyzikalno-chemickych metod
ako je infracervend spektroskopia, UV-Vis spektroskopia,
elementdrna analyza, monokrystalova RTG Strukturna
analyza, termicka analyza a sorpéné merania®,

Druhym ligandom, ktorym sa zaoberdme v nasej praci je
ligand HGPET-2. Tato zluCenina pozostava z triptycénu, na
ktorom je naviazanych Sest ramien 4-bifenylkarboxylovej
kyseliny (Obr. 1). Previedli sme Uplnil organicka syntézu
tohoto ligandu a nésledne sme sa sustredili na pripravu
novych komplexov obsahujucich ligand HePET-2.

Schéma 1. Struktirny vzorec ligandu HsPET-2

Tato praca vznikla za podpory Vedeckej grantovej agentiiry
MSVVaS SR— VEGA ¢. 1/0865/21.
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Hybrid porous materials based on metallosilicates are
extensively studied for their catalytic performance. Organic
groups incorporated in aluminosilicates can modify properties
such as acidity and porosity'?. Since the influence of
hydrophobicity on catalysis is difficult to determine without
accurate measurements, a detailed characterization is
necessary to evaluate the interaction between the catalyst,
reactants, and products.

Herein, the aluminosilicate catalysts were prepared by
non-hydrol)z/tic sol-gel either by acetamide® or alkylhalide
elimination®. The non-aqueous condensations provided
well-dispersed aluminum atoms (Si/Al~16) in the porous
silica structure. The introduction of organic groups into the
structure was approached by either post-synthetical
modification® or one-pot synthesis®.

While both methods successfully led to the organic
group introduction, only the two-step synthesis led to
amarked change in water sorption properties. In both cases,
we have observed improved catalytic performance compared
to pristine inorganic materials (in ethanol dehydration and/or
aminolysis of styrene oxide). While in the two-step synthesis,
the higher catalytic activity can be tied with water sorption
measurements (the more hydrophobic surface, the more active
sample), the same conclusion can not be drawn for hybrid
aluminosilicates prepared by one-pot synthesis. In the latter
case, the Lewis acid site content increased upon organic
group introduction and correlated with the enhanced ethylene
selectivity.

This comparative study on hybrid aluminosilicate
catalysts, therefore, shows the necessity of thorough
characterization for a proper understanding of the relationship
between synthetic approach and catalytic performance.

The work has been financially supported by the Czech Science
Foundation under the project GJ20-03636Y.
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PRIPRAVA A CHARAKTERIZACIA Cu(1l)
KOMPLEXOV OBSAHUJUCE NESTEROIDNE
PROTIZAPALOVE LIECIVA
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Med, ako centralny atom aktivneho miesta réznych
metaloprotemov hra dolezitt ulohu v Sirokej $kale
biologickych procesov'. Ukézalo sa, e komplexné zlucemny
medi s nesteroidnymi protlzapalovyml lie¢ivami (NSAID) st
v porovnani sich nekomplexovanou formou ucinnejsie
a vyznacuju sa aj niz§ou gastrointestinalnou toxicitou. NSAID
predstavuju skupinu lieciv s protizapalovymi, analgetickymi
a antipyretickymi  vlastnostami’>. NSAID su  schopné
koordinacie na i6ny prechodnych kovov prostrednictvom
svojich N-/O-donorovych atémov’. Medzi najbeznejsie
NSAID lie¢iva patria derivaty kyseliny salicylove;.

Pripravili sme 7 mednatych komplexov obsahujucich
kyselinu salicylovu a jej derivaty, a planarny organicky ligand
1,10-fenantrolin a 2,2’-bipyridin. Komplexy 1-3, 5, 6 st
dvojjadrové, pricom ich koordinacné polyédre maju tvar
deformovanej pyramidy (Obr. 1). Komplex 4 sa v zakladnej
bunke nachddza vo forme jednojadrového komplexu
s apikalne koordinovanou molekulou etanolu a sticasne aj vo
forme dvojjadrového komplexu. Komplex 7 je jednojadrovy
ama pyramidalny tvar. VSetky komplexy boli dodatocne
charakterizované infracervenou spektroskopiou a elementar-
nou analyzou.

Obr. 1. Struktiira komplexu I s vynechanymi atémami vodika

Tato prdaca vznikla za podpory grantu APVV-18-0016,
APVV-19-0087.
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Koordinaéni roztokova chemie Pd(II) iontd je
dlouhodobé studovana, jelikoz Pd(Il) komplexy mohou byt
modelovymi Pt(IT) komplexy vzhledem k jejich vyssi
reaktivité, dobie definovanému oxida¢nimu stavu a snadnosti
pfipravy. Znalosti o termodynamickych a kinetickych datech
Pd(IT)-oxalato komplexi jsou dulezité, jelikoz je 1ze vyuzit
pro popis in vivo reaktivity Pt(Il)-oxalatovych sloucenin
pouz1vanych jako kancerostatlcka 1éciva, na . oxaliplatina
nebo pro piipravu Pd-nanogastic?. Navic '’Pd izotop patfi
k nejvice zastoupenym prvkim mezi dlouhodobym1 $tépnymi
produkty ve vyhotelém jaderném palivu'?

Komplexace Pd(II) iontd se St avelany ve vodnych
roztocich  byla  studovana  molekulovou  absorpéni
spektroskopii za rtiznych experimentdlnich podminek (napt.
teplota, iontova sila). Termodynamické parametry (logm K, i
=3,38(8), DH’ = -33(3) kJ mol ' DS’=-48(11) JK 'mol
T=2982K;I=1 00 M HC104) byly stanoveny pro reakci

[Pd(H,0),]*" + Hyox U [Pd(H,0),(0x)] + 2 H;O"
Dale byly vypocteny konstant (?r stability pro [Pd(HzO)z(ox)]
a [Pd(ox),]* komplexy (logyo b, =9 04(6) logio b’ =13,1(3),
=0 M, T= 2982 K) pomoci SIT®. Vznik [Pd(H,O),(0x)]
komplexu je 2-krokovy proces, ktery byl studovan na
spektroskopické  stopped-flow  instrumentaci. Rychlost-
urcujici krokem je tvorba monodentatniho [Pd(H,0);(0x)]
komplexu, kterd je nasledovana rychlym krokem
odpovidajicimu uzavieni chelatového kruhu za soucasné
tvorby termodynamicky stabilniho [Pd(H,0),(0ox)] komplexu.
Termodynamické parametry vypoctené pro oba kroky ukazuji,
ze zvysSena stabilita [Pd(ox)] species je pro prvni krok (vznik
monodentatniho komplexu) zpisobena zvysenym
entropickym pispévkem, kdeZzto entalpicky ptispévek je

dilezity pro druhy krok (uzavieni chelatového kruhu).

Tato prdce vznikla za podpory grantu Masarykovy univerzity
(MUNI/A/1421/2022), MSMT CR (LTC20044), EU programu
(COST CA18202 Nectar Action) a Svédského institutu.
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Organic-inorganic  hybrid materials are attractive
heterogeneous catalysts and catalyst supports'. They combine
the inorganic network stability with properties brought by the
organic building blocks, i.e., controlled hydrophobicity, and
improved hydrothermal stability. The combination of such
a hybrid with catalytically active metal may lead to successful
catalyst material’>. Zirconium phosphonates are promising
Lewis acidic catalysts, but their conventional preparation
(hydrothermal methods) yield usually microporous layered
structures’. Non-hydrolytic sol-gel process can be applied to
obtain amorphous mesoporous 3D structures”.

We proposed a synthetic route to =zirconium
phosphonates based on the reaction of Zr dialkylamides with
trimethylsilyl phosphonates (eq. 1)2 with both terminal and
bridging organic groups (Me, tBu, Ph, ethylene, phenylene,
xylylene). The nature of organic substituents in phosphonates
played a significant role in final product porosity. The surface
area reached up to 700 m* g”'. Pore sizes were usually in the
mesoporous range (2.5 nm) even without templates. The
degree of condensation ranged from 65 to 85 %. Thus, there
were still ~25 % of residual reactive groups on the xerogel
surface available for post-synthetic grafting.

Structure and acidity of zirconium phosphonates were
thoroughly characterized by solid-state NMR spectroscopy.
The high atomic homogeneity was verified by IR
spectroscopy and STEM-EDS. The degree of condensation
was determined gravimetrically and by TG-DSC. ICP-OES
confirmed the Zr:P ratios, which were ranging from 0.5 to 1.
Catalytic activity of Zr sites was confirmed in a batch mode
on a model reaction: aminolysis of styrene oxide.

NEt, R
) |
Et,N—Zr-(NEt, + Me;SiJ-0—P—O0SiMe, —— > Zr/O\P/R + Et,N—SiMe,
NEt, 1)' (network)
Equation 1.
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GEOMETRY INDEX FOR 6-COORDINATE
COMPOUNDS

JAN MONCOL

Department of Inorganic Chemistry, Faculty of Chemical and
Food Technology, Radlinského 9, 812 37 Bratislava, Slovak
Republic

In coordination chemistry and chemical crystallography,
the geometry index or structural parameter (t) is a number
ranging from O to 1 that indicates what the geometry of the
coordination center is. The first such parameter for five
coordinate compounds was developed in 1984 by Addison et
al' To distinguish whether the geometry of the coordination
center is a trigonal bipyramidal or a square pyramid, the ts
parameter was proposed.! The advantage of the Ts parameter
proposed in this way is a simple calculation requiring only the
two greatest valence angles of the coordination center. When
75 is close to 0 the geometry is similar to square pyramid,
while if 15 is close to 1 the geometry is similar to trigonal
bipyramidal.

In 2007 Houser et al. developed the analogous T4
parameter to distinguish whether the geometry of the
coordination center is square planar or tetrahedral.? Similar to
the previous case, only the two greatest valence angles of
coordination center are needed to calculate 1, parameter.
When 14 is close to 0 the geometry is similar to square planar,
while if 14 is close to 1 then geometry is similar to tetrahedral.

A similar parameter has not yet been introduced for
hexacoordinated compounds. In the case of hexacoordinate
compounds, two borderline cases are known: a very regular
octahedron and a rarely trigonal prism. Octahedral
coordination geometries are ubiquitous as the fundamental
geometries of transition metal hexacoordinated complexes.
Non-octahedral structures can be realized by considering
a trigonal twist about the threefold axis of the octahedron
(twist an%le ¢ = 60°) with a trigonal prismatic stereochemistry
at ¢ =0°.

From these reasons for the existence of octahedral and
trigonally prismatic complexes, it is appropriate to introduce a
new geometry index 1T to indicate the geometry
hexacoordinate complexes. For a simple calculation of the 14
parameter, the three greatest valence angles of the
coordination center are sufficient, with a number ranging from
0 to 1. When 14 is close to 0 the geometry is similar to an
octahedron, while if 14 is close to 1 the geometry is similar to
a trigonal prism.

This work was created with the support of the Research and
Development Agency under contract no. APVV-19-0087 of the
Slovak Science Grant Agency (Project 1/0686/23)
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HETEROBIMETALICKE Ru(Il) KOMPLEXY
NA BAZI IMINOPYRIDONU

ONDREJ MOZDIAK, ALES RUZICKA, ROMAN
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technologickd, Univerzita Pardubice, Studentska 573, 532 10
Pardubice, Ceskad republika

roman.jambor@upce.cz

Polymetalické komplexy obsahujici fragment pyridin-2-
onu jsou intenzivné studovany, nicméné variabilita
koordinaénich mo6di tohoto fragmentu s moznosti mustkovani
omezuje predikovatelnost struktury, ktera navic siln¢ zavisi na
pouzitém rozpoustedle'. V této praci jsme studovali termickou
eliminaéni reakci iontovych mn’-koordinovanych Ru(Il)
komplexti obsahujici ligand na bdzi methoxypyridin-iminu.
V nekoordinujicich rozpoustédlech a v pevné fazi dochazi
k eliminaci MeX a vzniku neutralnich komplexi obsahujici
fragment pyridon-imin. Tato spontdnni a kvantitativni
termickd demethylace je unikatni. V literatufe popsané
rovnovazné konverze hydroxgpyridinu na pyridon byly
umoznény piidavkem silné baze-.

Obsazeni dusikovych donorovych atomt koordinaci
na Ru a nasledny vznik volné, elektronové bohaté
karbonylové skupiny nabizi moznost koordinace dal§iho
kovového fragmentu za vzniku dobfe definovanych
polymetalickych komplext zpisobem ,.komplex jako ligand*.
Byly pfipraveny N,N-koordinované Ru(Il) komplexy
s O-koordinovanym SnCl,, ZnCl, a Ph;SnCl.  Neutralni
a polymetalické Ru(Il) komplexy byly testovany jako
katalyzatory transfer-hydrogenace ketont.

X =Cl, SnCl,
A =8nCly, ZnCl,, Ph3SnCl
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ROVNOVAHA MEZI STERICKOU ZABRANOU
A REAKTIVITOU ANILINU

VLASTIMIL NEMEC, JAN VRANA, ALES RUZICKA
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republika
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Kineticka stabilizace centralniho atomu ve smyslu
vymény ligandd nebo oxidace (respektive redukce) hraje
dilezitou roli v syntetické chemii. Stericky objemné ligandy,
které jsou schopny stabilizace, maji své vyuziti naptiklad pfi
ptipravé sloucenin nepfechodnych kovii v neobvyklém
oxidaénim stavu, které mohou vykazovat vlastnosti
prechodnych kovi, a proto je lze vyuzit v homogenni katalyze
nebo aktivaci malych molekul'.

Stericky naro¢né aniliny jsou zdkladem mnoha ligandi,
a to napfiklad N-heterocyklickych karbenti, B-diketiiminatti,
amidinatt, guanidinatd a dalsich®. Pfed dvéma lety byl
publikovan ¢lanek pojednavajici o nejobjemnéjsich anilinech
(Obr. 1A)*. Avsak tercialni uhlikové skelety v poloze ortho-,
zvlasté ty na bazi triarylmethanu, by mohly zabranit
naslednym reakcim téchto anilini. Proto byly pfipraveny
nesymetrické aniliny (Obr. 1B), které budou vykazovat
sterickou naroCnost, ale stale by byla moznost dalsi
reaktivity!. Obsahem sdéleni bude diskuze vysledkd se
zaméfenim na reaktivitu téchto sloucenin.

Ar NH, Ar Ph NH, R
R R Ar’
Ar Ar Ph Ar’
A B

Ar = Ph, 3,5-(CH;3),C¢H3. Ar’ = Ph, 4-(+-Bu)-C¢H,
4-(+-Bu)-C¢Hy R = Bn, 4-(+-Bu)-C¢H,
R =Me, Ar

Obr. 1. Aniliny prezentované a porovnavané v této praci
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ETHANOL DEHYDROGENATION OVER Cu/SiO,
CATALYST

TOMAS POKORNY?, VIT VYKOUKAL? PETR
MACHAC?, NICOLA SCOTTIh ZDENEK MORAVEC?,
ALES STYSKALIKa

“ Department of Chemistry, Masar
CZ-61137 Brno, Czech Republic,
19, 20133 Milano, Italy
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hyk University, Kotlarska 2,
CNR-SCITEC, Via Golgi

Copper in the form of nanoparticles (NPs) is
a well-known redox catalyst active in numerous catalytic
reactions, including  ethanol  dehydrogenation  to
acetaldehyde. This reaction is critical for the future due to the
ongoing changes in the oil industry: ethanol dehydrogenation
is the first step of possible sustainable production of
butadiene from bioethanol. Cu catalysts suffer from low
stability during time-on-stream due to nanoparticle sintering
and coking. Therefore, we have studied particle size and
doping effects of Cu/SiO, catalysts to improve their

stability'.
This work is focused on the preparation of
SiO,-supported nanoparticles (Cu/Si0Oy; 2.5 wt%;

commercial Aerosil-300 as support) by several methods to
control the size of the nanopartrcles dry 1mpregnat1on strong
electrostatic adsorption?, sol-gel method®, and deposition of
pre-prepared NPs by solvothermal hot-injection synthesis.
Catalysts with leading performance were doped with Ni and
Zn (Cu:M ratio: 10:1 and 100:1 wt%) by dry impregnation.

Prepared nanoparticles were in the range of 15 nm. The
catalysts prepared by hydrolytic sol-gel (sub-nanometer
particles) and dry impregnation (3.9 nm) exhibited
outstanding performance at 255 °C (65 % ethanol conversion
and 2.79 gg'h™' acetaldehyde product1v1ty and 57 % of
ethanol conversion and 242gg'h" acetaldehyde
productivity, respectively). All catalysts suffered from the
sintering and coking above 255°C causing severe
deactivation. The most stable catalyst (dry impregnation)
stabilized at 50 % ethanol conversion after 14 h of time-on-
stream. Doping the most active (hydrolytic sol-gel) and the
most stable (dry impregnation) catalysts with Ni and Zn led
to the following results: (i) Nickel enhanced the catalytic
activity at 220 °C but caused a strong deactivation at higher
temperatures; (ii) Zn-doped catalysts exhibited better stability
up to 290 °C without losing both activity and selectivity.

The work has been financially supported by the Czech
Foundation under project GJ20-03636Y and CIISB research
infrastructure project LM2015043.
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NOVEL Mn(II) COMPLEXES WITH MACROCYCLIC
LIGANDS CONTAINING VARIOUS PENDANT ARMS
— A COMPREHENSIVE STUDY IN THE CONTEXT OF
MRI
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TOTH®, BOHUSLAV DRAHOS*

“ Department of Inorganic chemistry, Faculty of Science,
Palacky University, 17. listopadu 1192/12, 779 00 Olomouc
b Centre de Biophysique Moléculaire, CNRS-UPR 4301,
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France
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MRI is one of the most common modalities in diagnostic
medicine. Its low sensitivity can be improved by the use of
contrast agents (CAs) All clinically used CAs are based on
Gd(IIT) complexes.! As more biocompatible alternatives, Mn
(II) complexes are extensively studied due to their favorable
properties but obtaining thermodynamically stable and
kinetically inert Mn(II) complex represents a challenge for the
design of suitable macrocyclic ligands.> In the past,
15-membered pyridine-based macrocycle (15-pyN;0,; Fig. 1)
was investigated providing seven-coordinate = Mn(Il)
complexes with two 1nner-sphere water molecules but
insufficient thermodynamic stability.” We have modified this
parent macrocycle with one acetic acid pendant arm (L1;
Figure 1) to increase stab1l1ty, solubility and kinetic inertness
of the Mn(Il) chelate® A comprehensive X-ray,
potentiometric, dissociation kinetic and relaxometric study
was carried out and the results showed higher thermodynamic
stability and kinetic inertness in comparison to the parent Mn
(15-pyN30,). Other bulkier pendant arms such as pyridine
(L2; Figure 1) and benzimidazole (L3; Figure 1) were studied

as well.
([j\ ((j\/ R L1=Rr=cooH

12=R=Py
L3 = R = benzimidazole

O O O O
15-pyN30,

Fig. 1. Structural formulas of the discussed ligands L1-L3 and the
parent macrocycle 15pyN;O,

The authors acknowledge the financial support from the
Student Grant Competition at Palacky University Olomouc
IGA_PrF 2023 007 and Palacky University Endowement
fund 2022.
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THE STUDY OF BENZOATOCOPPER (II)
COMPLEXES WITH PYRIDYLBENZIMIDAZOLES
AND THEIR POTENTIAL BIOLOGICAL ACTIVITIES

KARIN PREINEROVA, MIROSLAVA PUCHONOVA,
JAN MONCOLD

Department of inorganic chemistry, Faculty of chemical and
food technology, Radlinského 9, 812 37 Bratislava, Slovak
republic

In recent decades, the effort to develop new drugs has
focused on compounds containing transition metals. One
group of these compounds are copper complexes, which are
of interest due to their potential anticancer, antimicrobial, and
anti-inflammatory effects’.

The focus of this study is to prepare copper complexes
with  N-donoring ligands such as derivatives of
benzimidazoles, specifically positional isomers of 2-(x-
Pyridyl)benzimidazoles where x stands for 2, 3, and 4 and
compunds belonging among NSAIDs specifically positional
isomers of methylsalicylic (MeSalH) and methylbenzoic acid
(MeBenzH). Derivatives of benzimidazoles exhibit low
structural ~ requirements and  molecules  containing
benzimidazole ring have significant anti-inflammatory,
potentially anticarcinogenic, antiproliferative and antiparasitic
properties®. Six novel Cu(Il) complexes with molecular
structures [Cu(2-PyBzim),(3-MeSal)]x(3-MeSal) (1),
[Cu,(2-PyBzim),(3-MeBenz)4]*(H,0)x(EtOH) n,
[Cuy(2-PyBzim),(3-MeBenz),]x(EtOH) (III), [Cu(3-PyBzim),
(3-MeBenz),(H,0),]x2H,0 (IV), [Cu(4-PyBzim),(3-MeBenz),]
(V), [Cu(4-PyBzim),(2-MeBenz)] (VI) were prepared.

Subsequent aim of this study is observation of reaction
changes on the final product and analysis of properties of
prepared complexes by spectral methods Infrared
spectroscopy, elemental analysis, EPR spectroscopy, UV-Vis
spectroscopy. We also focus on the determination of the
acaricidal activity of these complexes and the interactions
with calf-thymus DNA will be studied by viscosity
measurements and UV-Vis spectroscopy.

This work was supported by the Scientific Grant Agency of the
Slovak Republic VEGA 1/0686/23.
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STUDIUM METALO-ORGANICKYCH SIETI
OBSAHUJUCICH FLUOROVANE LIGANDY
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Posledné dve dekady prinasaji obrovsky rozmach
materialov znamych pod vSeobecnym oznacenim MOF (metal-
organic frameworks), ktoré mozno opisat’ aj ako polymérne
porovité koordinaéné zltceniny. Tieto vSestranné materialy
dominuji  svojou  velkostou  S$pecifického  povrchu
a vnutornym objemom poérov a z tohoto dovodu nachadzaju
siroké uplatnenie v heterogénnej katalyze' alebo ako sorpéné
materialy®. Napriek velkym vyhoddm maju tieto materidly aj
nevyhody. Z komeréného hladiska je najvacSou nevyhodou
hydrolytickd labilita, ktora znemoziuje vSestrannejsie
vyuzitie tychto materidlov, hlavne v priemyselnom odvetvi.
Existuju viaceré metddy smerujuce k zvySeniu hydrolytickej
odolnosti MOF, no castokrat vedi k obsadeniu poérov
a poklesu sorpénej kapacity plynov°.

Prezentovand praca sa venuje syntetickej modifikécii
MOF komplexov pomocou hydrofobnych ligandov, v ktorych
hydrofébny ucinok zabezpeluje aromaticky skelet ligandu
aatomy fludru na nom viazané. Boli pripravené dve série
MOF komplexov sdvoma typmi fluorovanych ligandov
reprezento-vanych  kyselinou  3,3'-difluorobifenyl-4,4'-di-
karboxylovou (L1) a kyselinou 3,3-bis(trifluorometyl)-
bifenyl-4,4'-dikarboxylovou (L2). Tieto ligandy boli
jednotlivo podrobené solvotermalnym syntézam s hydratmi
chloridov lantanoidov a vSetky takto pripravené MOF
komplexy boli podrobené IR, TG a SXRD/PXRD meraniam
potvrdzujucim ich zloZenie. Na vybranych fluorovanych MOF
boli studované adsorpcie dusika, oxidu uhli¢itého a vodika.
Detailné informéacie budil prezentované pocas priebehu
konferencie.

seece

Schéma 1. 1D kanal v komplexe {[Dy,(L1);]-2,7 DMF-3,5 H,0},

Tato prdca vznikla za podpory Vedeckej grantovej agentiiry
MSVVaS SR — VEGA ¢. 1/0865/21.
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V posledni dobé se zabyvame  polyethylény
terminovanymi silylovou skupinou (SiR;, kde R = H, Me,
Ph...) pfipravenymi pomoci hydrosilan/B(C¢Fs); systému pro
aktivaci komplexii ranych piechodnych kovi.! Tyto polymery
maji nizkou molekulovou hmotnost (zpravidla okolo 1000
Da) a vykazuji za laboratorni teploty nizkou rozpustnost
v béznych organickych rozpoustédlech. Pro rozpusténi
polymeru je potfeba pouzit vySevrouci rozpoustédla jako
napiiklad toluen a zvySenou teplotu.

Predmétem naSeho zkouméni jsou postmodifikace téchto
polymert, jednd se napiiklad o konverze koncovych skupin na
silanoly, ¢i fluorsilany a prozkoumani moznosti ukotveni tzv.
single site katalyzatori na téchto materialech.

R
\é/jn\sf

%,

R R
Obr. 1. Obecny vzorec studovanych polymeriu, kde R = Ph, Me, H,
F...

Tato prdce vznikla za podpory grantu Grantové agentury
Ceské republiky (projekt 21-01308S).
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PRIPRAVA P,N-DONOROVYCH FERROCENOVYCH
LIGANDU POMOCI NEGISHIHO CROSS-
COUPLINGU
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Univerzita Karlova, Hlavova 2030/8, 128 40, Praha, Ceska
republika

schulz@natur.cuni.cz

P,N-donorové ligandy tvofi rozmanitou skupinu latek
s bohatym vyuzitim napiiklad v homogennich zlatem
katalyzovanych reakcich. Tyto ligandy vyuzivaji donorovych
skupin, které se lisi svou tvrdosti z hlediska teorie HSAB,
atedy i koordina¢nim chovanim, a geometrickych specifik
skeletu, na kterém jsou navazany. Ferrocen jako skelet nabizi
unikatni set geometrickych vlastnosti a mimotadné flexibility;
navic je chemicky stabilni a pfi jeho modifikaci lze vyuzit
mnoho syntetickych postupli obecné vyuzivanych v ramci
organické chemie, jakymi jsou napiiklad spojovaci reakce.
Vyuziti Negishiho spojovaci reakce predstavuje novy
a obecny zplsob pro piipravu P,N-donorovych ferrocenovych
ligandi. Timto zpusobem bylo pfipraveno celkem Sest
P,N-donorovych ferrocenovych ligandii. Katalyticka aktivita
jejich zlatnych komplexii byla testovana pii cyklizaci

N-(prop-2-yn-1-yl)benzamidu a  oxidativni  cyklizaci
fenylacetylenu.
L2p & L2-ppr,
i L Fe -BuLi /L F2
P ;}g—nﬁgrl;mLTMF AN b ;;;nsEhl;uLTMP RN el

gr  3)CuCl BzONR
btk it
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Br  3JCuCl BZONR
/%
THF

R:f  O(GHLCH); 1V O[CH,CH;);
I S(CHCH; ), ¥ SiCH,CHy)e
I Ve, Vi Mey

Schéma 1. Synteticky postup pFipravy hetero/homo-annularné
substituovanych ferrocenovych ligandi
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)

LITERATURA
1. Carrol M. P. Guiry P. J.: Chem. Soc. Rev. 43, 819
(2014).
2. Noél T., Eycken J. V.: Green Process. Synth. 2, 297
(2013).
3. Berman A. M., Johnson J. S.: J. Am. Chem. Soc. 726,
5680 (2004).


mailto:jiri.schulz@natur.cuni.cz

Czech Chem. Soc. Symp. Ser. 21, 123-162 (2023)
PENTACOORDINATED NI(II) COMPLEXES:
SYNTHESES AND CRYSTAL STRUCTURES
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Pentacoordinated nickel(II) (S=1) complexes have
proven to be very interesting from a magnetochemical point
of view, since they may exhibit, especially in the case of
trigonal bipyramidal coordination, exceptionally large values
of the single ion magnetic anisotropy parameter, D. That is
a very important aspect for observatlon of the phenomenon of
slow magnetic relaxation'. While the preparation of
hexacoordinated Ni(II) complexes is easy, the synthesis of
pentacoordinated Ni(II) complexes is not straightforward.
Several strategies leading towards pentacoordinated Ni(II)
complexes exist. Possible approaches can be based on the use
of pentadentate Schiff base ligands (SB), or a combination of
tridentate SB with bidentate ligands. Of high importance is
the large spatial demand of the ligands used which can
prevent an insertion of a sixth ligand into the Ni(Il) central
atom coordination sphere.

CHj
H ;/i
“5\,\‘
C O OH
OH

Hynamphe

;”\/\N/\/N;

Hy(na-dmdpa)

Starting from the nickel acetate tetrahydrate, we have
successfully  prepared and  characterized  several
pentacoordinated Ni(II) complexes, comprising solely the
voluminous pentadentate SB ligand, e.g., (na-dmdpa)*

a combination of the tridentate SB ligand, e.g., (namphe)
with a voluminous N,N’-donor coligand. The crystal
structures of all prepared complexes were elucidated, and the
results are discussed.

We acknowledge the grant schemes (APVV-18-0016, VEGA
1/0189/22,  vvgs-pf-2022-2140, vvgs-2023-2519), grant
PID2021-124880NB-100  (Spain) funded by MCIN/AEI/
10.13039/501100011033 and “ERDF A way of making
Europe,” for their financial aid.
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The investigation of the thermodynamic and kinetic
properties of Pb(II) complexes is vitally important for many
applications. For example, lead radioisotopes (***?'?Pb) have
the potential to be utilized in nuclear medicine and therefore,
their complexes should exhibit a high thermodynamic stablhty
and a kinetic inertness under physiological conditions.' In
order to design and implement Pb(II) complexes with desired
properties, it is important to understand how ligand identity
affects these properties. In this work, we investigated the
kinetic and thermodynamic properties of Pb(II) complexes
with cyclen-based macrocyclic ligands having two (DO2A),
three (DO3A) or four (DOTA) acetic-acid pendant arms, and
mono- phosphomc/phosphlnlc (DO3AP, DO3APP A
DO3AP*") or tetra-phosphonic/phosphinic (DOTP, DOTPH
DOTP™, DOTP®™) acid derivatives. The rates of formation
and dlssomatlon under varying conditions were monitored
using UV-Vis spectroscopy. The most Kkinetically inert
complexes were those with DOTA, while the most kinetically
labile complexes were those with four phosphinic acid
derivative pendant arms, indicating that acetates confer
kinetic stability. The thermodynamic stability followed the
order DOTA ~ DO3AP*®" < DO3AP"* < DO3AP.

The proposed mechanism of formation of these
complexes postulates that the Pb(Il) ion is first captured by
the pendant arms of the ligand into an out-of-cage complex.
This is followed by the slower incorporation of the ion into
the macrocyclic cavity. The results from the kinetics of
formation studies supported this hypothesis. Ligands with
four phosphinic-acid derivatives exhibited the highest rates of
formation, while ligands with fewer pendant arms (DO2A and
DO3A) exhibited the lowest.

The geometry of the complexes was also
computationally optimized using Gaussian and calculated
structural parameters, such as bond lengths, were correlated
with rates of formation and dissociation. It was determined
that longer Pb-N bond lengths correlated with faster rates of
formation while longer Pb-O bond lengths correlated with
slower rates of dissociation.

Financial support from Masaryk University
(MUNI/1286/2017) and Ministry of Education of the Czech
Republic (CEITEC 2020 — LQ 1601) is acknowledged.
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Boranyliové  slouCeniny piedstavuji tfidu latek
obsahujici atom boru formalné nesouci pozitivni naboj ¢imz
je zvysena jejich elektrofilicita, tedy Lewisova kyselost'?.
Ptestoze jsou jejich vysledné vlastnosti vyrazné ovlivnény
pritomnosti stabilizujicich ligandt, koordina¢nim okolim boru
a charakterem protianiontu, lze obecné fict Ze se jedna
o zajimavou skupinu sloudenin s potencianim vyuzitim jako
katalyzatory pro elektrofilni reakce, chemickych senzort
i funkénich materialti.

V ramci této prezentace budou predstaveny dva piistupy
pro studium boranyliovych soli: vramci prvniho bude
diskutovan systém téZici z pfitomnosti N-heterocyklického
karbenu, jakozto silného o-donoru, ktery umonuje ptipravu
ojedinélého heteroolefinu, boraalkenu. Jeho reaktivita bude
demonstrovana na popisu riiznych (cyklo)adiénich reakcich’.

Druhym diskutovanym pfistupem bude strategie
zalozena na stabilizaci slabSim donorem, ovSem podpoifena
chelataci, vtoto pfipadé ligandy odvozenymi od derivath
2-fenylpyridinu.

V ramci sdéleni bude kladen diraz na popis struktury
a reaktivity téchto sloucenin. Kratce budou zminény i jejich

fotofyzikalni vlastnosti, které jsou v souCasné dobé¢
studovany.
boranylium compounds
NHC F N\ ! @
S Ar N®
| Nsze ’B‘ )
CH; H NS,
NHC\B,ArF H NTf,
i —N—B,
CH, @/N—NEN
B
N H
boraalkene P
bridging azide

Tato prdce vznikla za podpory grantu GACR 230866.
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Preparation of coordination compounds of transition
metals with biologically active ligands has become one of the
popular options for the development of new more effective
drugs'. Benzimidazole derivatives are one of the substances
potentially usable as biologically active ligands, which are
also used as drugs in clinical practice and exhibit anti-
inflammatory, potentially anticarcinogenic, antiproliferative
and antiparasitic properties’; they are also used as proton
pump inhibitors (Omeprazole), anthelmintics (Albendazole,
Mebendazole) or antipsychotics (Pimozide)’. Therefore
presented study demonstrates preparation, characterization
and the study of biological activity of Ni(Il) coordination
compounds with N, O-donor benzimidazole ligands.

Benzimidazole ligands (2—hydroX}/methylbenzimidazole
H,L, 2-hydroxyethylbenzimidazole H,L', 6-methyl-2-hydroxy-
methylbenzimidazole H,L?) were prepared by a modified
Phillips method. Subsequently, twelve mononuclear
complexes and six tetranuclear complexes were prepared with
these ligands. Coordination compounds were characterized by
elemental analysis, IR and UV-Vis spectroscopy and crystal
structures for all complexes were determinated by using
single-crystal X-Ray diffraction. Interactions with -calf-
thymus DNA for chosen complexes and free ligand (H,L)
were studied by UV-Vis spectroscopy.

This work was supported by Grant Agencies of the Slovak
Republic: APVV-19-0087, APVV-18-0016 a VEGA 1/0686/23.
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Zelezo je jednym z 3d kovov s bohatou koordinadnou
schopnostou a pripravené komplexné zluceniny predstavuju
atraktivne materiély na Stadium magnetickych vlastnosti,
akymi su spin- -crossover (SCO), paramagnetizmus ¢i
molekulové magnety'. 2,2"-bipyridin  (bipy), v pripade
substitticie pyridinovych kruhov déava vznik derivatov, ktoré
ladia Specifické elektromcke a stérické vlastnosti kovu. Uz
samotny [Fe(bipy)s]** katién, bol dékladne skiimany a vd'aka
svojim jedine¢nym schopnostlam pochadzajiicim zo SCO ma
potencial ako funkény material pre magnetické, resp.
elektronické zariadenie. Preto nie je prekvapivé, Ze aj viac ako
storodie po objaveni, predstavuju komplexy zeleza s bipy
jedno z najatraktlvnejsmh odvetvi Vyskumu pre koordina¢nu
chémiu®. Okrem tris-kationov Zeleza je mozné pripravit' aj
vysokospinové heteroleptické komplexy s jednou alebo dvomi

koordinovanymi molekulami bipy, s pomerne naroénou
pripravou, a prave tieto malo pocetné komplexy
s heteroleptickou koordina¢nou sférou predstavuju
z magnetického  hladiska  zaujimava  skupinu  latok.

V stvislosti s uvedenym sme sa preto ststredili na pripravu
chlorido komplexov zeleza v oxidaénom stave II a III
s ligandom 5,5’-dimetyl-2,2"-bipyridin (5dmbipy) pouzitim
diferencovanych  syntetickych  postupov. Je  dolezité
podotknut’, Ze aj mala zmena v procese pripravy mdze viest
ku Struktirnym zmendm vysledného produktu. Vyuzili sme
preto laboratérnu a solvotermalnu metdédu pripravy
komplexov, ¢o nas viedlo k ziskaniu $tyroch odlisnych
produktov a zo §trukturadlneho aspektu ich mozno rozdelit’
na dva i6nové solvatomorfy [Fe(Sdmbipy);][Fe,OCl¢]
a [Fe(5dmbipy);][Fe,OClg]-CH;CN, molekulovy komplex
[Fe(acac)Cly(5dmbipy)] a dimérny komplex [Fe,Cly(5Sdmbipy),].

Tato prdaca bola podporena projektami grantovych agentur
Slovenskej republiky APVV-18-0016 a VEGA 1/0189/22.
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An important class of heterocyclic compounds in many
natural and synthetic compounds for the development of new
drugs are benzimidazoles'. Use of benzimidazoles can be
found in liquid crystal materials due to their special
phys1cochemlcal properties based on fluorescence modulation
mechanisms”. The benzimidazole moiety involves in a variety
of biological processes. For example, N-ribosyl-dimethyl-
benzmndazole is part of the chemical structure of vitamin
B12°. Benzimidazole derivatives are of intensive researches
due to thelr coordination ability besides their biological
1mportance

New Ni(Il) complexes of general formula NiL,Y, have
been synthesized, where L is 2-aminomethylbenzimidazole
(Figure 1) and Y are inorganic anions such as Cl-, Br-, ClOy,
ClOs, NO,, Ny, SCN, SeCN", SO,* as well as organic
anion CH;COO". All newly prepared complex compounds
(1-15) were characterized by X-ray structural analysis and by
spectral techniques such as infrared spectroscopy and UV-Vis
spectroscopy. Magnetic measurements were also performed
for compounds (1-6).

H
N
eV

Fig. 1. Schematic representation of the ligand 2-aminomethyl-
benzimidazole

This work was supported by the Scientific Grant Agency of the
Slovak Republic APVV-19-0087, APVV-18-0016 a VEGA
1/0686/23.
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PRIPRAVA FUNKCNICH FERROCENOVYCH
DERIVATU C-H AKTIVACI
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Tato studie se zaméfuje na nepfili§ probadané skupiny
latek, kterymi jsou annelované ferrocenové slouceniny
s kondenzovanym dusikatym heterocyklem. Ferrocenova
kostra poskytuje molekule planarni chiralitu a diky
pfitomnému donorovému atomu mohou byt tyto latky vyuzity
jako ligandy vkatalyze pfechodnymi kovy ¢i  jako
organokatalyzétory'.

Z komercné dostupného bromferrocenu byl trikrokovou
syntézou piipraven [(methylsulfonyl)amino]ferrocen. Z této
latky nebylo mozné kaskadovou nukleofilni substituci/C-H
aktivaci/aromatizaci  pfipravit anelovany  ferroceno[c]
izochinolin 1. Nicméné optimalizace jednotlivych krokd
oddélené sizolaci pfisluSnych meziprodukti poskytlo
zadanou latku I v celkovém vytézku reakéni sekvence 67 %.

Intermediat 2, ktery je produktem C-H aktivacni reakce
byl vyuzit pro ptipravu kationtového ruthenateho komplexu 3,
ve kterém latka 2 vystupuje jako n’-ligand a vaZze se svym
fenylovym kruhem. Analogicky komplex latky I se
nepodafilo pfipravit kvili jeji nestabilite.

Pomoci  optimalizované reakéni sekvence byla
pfipravena 1  latka  sdals§im  ortho-kondenzovanym
benzenovym kruhem benzo[f]ferroceno[c]izochinolin.

s

N
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<
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Schéma 1. Anelované ferrocenové derivaty
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Pocetna skupina N-donorovych ligandi, guanidinatt, se
v posledni dobé¢ t&si zvysujici se pozornosti. Monoanionické
komplexy ptechodnych i nepfechodnych kovi byly uspésné
pouzity jako katalyzatory v organické syntéze, iniciatory
polymeraci, prekurzory tenk;'fch vrstev a reagenty v dalSich
chemickych transformacich. "

Elektronové bohatd n-m konjugovana planarni CN;
jednotka guanidinatu je schopna ubytovat Sirokou $kalu prvkta

pravé diky elektronické flexibilit¢ a stablllzu]lclmu
chelatujlclmu efektu nejéastéjsiho «>-bidentatniho
usporadani.'?  Dal§i modifikaci  koordinatniho  okoli

centralniho atomu v podobé vhodné substituce na atomu N
guanidinatu lze docilit poZzadovanych sterickych vlastnosti ¢i
zavést ptidavné donorové centrum. Znacny potencial skytd
zavedeni druhého kovového centra s moing'/m dvojfunkénim
¢i kooperativnim efektem vzniklé molekuly.

Systtm na Obrazku 1 disponuje rozSifenym
konjugovanym systémem obsahujicim pyrimidimovy kruh,
ktery umoziiuje tvorbu Sesticlennych nebo Ctyiclennych
chelati a dvojnasobnou deprotonaci. V zavislosti na typu
vazaného kovu byly pozorovany tfi strukturni mody
bimetalickych guanidinatt, lisici se elektronovym okolim
jednotlivych koordina¢nich kavit. Dal$im pfedmétem zajmu je
vyzkum vztahli mezi strukturnim uspofadanim a naslednou

reaktivitou  pfisluSnych  homo-  a heterobimetalickych
komplext.
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A ~
PN o) o Y
1 - N N N
| L L' \
N__N---M N Nyt " Y 1
/ Yc/ Dipp, ~ N--=-M__ |
Dipp (2 M NSNL N=( L
Y L% w/ Dipp h _-N-Dipp
M - N M2
L2 ipp” /
' Dlpp Dipp L2

Obr. 1. Pozorované koordina¢ni médy studovanych guanidinata
Tato price vznikla za podpory grantu GACR ¢. 21-02964S.
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The recent nanotechnological methods enable the
assembly and characterization of well-defined objects in
nanometer scale. The quantum-dot (QD) colloid particles of
diameter 1-10 nm are usually low-soluble CdTe compounds
and their solubility is increased by surface covering of thiol
containing compounds and also by increase of solution pH
which leads to dissociation of functional carboxylate and/or
protonated amine groups. Their exceptional physico-chemical
and optical properties as well as higher photostability
compared to organic fluorophores can be wused for
development of new analytical methods for the detection and
determination of ions and molecules important in biology and
medicine. QD-based nanoparticles exhibit broad excitation
and narrow emission band where their position depends on
their kind, morphology and size and thus the maximum of
emission band can be tuned by synthetic process.

This  contribution deals with synthesis and
characterization of various QD-CdTe nanoparticles covered
by thiol containing compounds (e.g. mercaptopropionic acid,
dimercaptosuccinic acid, glutathione, cysteine, 2-mercapto-
ethanesulfonic acid etc.). The physico-chemical processes of
nanoparticles in presence of Cu(ll) and Pb(Il) ions were
studied and some of them were employed for their analytical
determination by means of luminescence spectroscopy. The
analytical procedure was optimized for experimental
conditions (e.g. pH, concentration of nanoparticles and
analyte) and then it was utilized for determination of both
metal ions in water samples. The proposed simple and fast
method can be employed for environmental analysis.

Tato prdce vznikla za podpory grantu Masarykovy univerzity
(MUNI/A/1421/2022), MSMT CR (LTC20044) a EU
programu (COST CA18202 Nectar Action).
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Molekulovy magnetismus je relativné novym odvétvim
chemie, které v poslednich letech zaznamenalo zna¢ny vyvoj.
Cilena syntéza tzv. jednomolekulovych magneti (SMMs),
tedy latek vykazujicich pomalou relaxaci magnetizace Cisté
molekuldrniho puvodu, by mohla vést k vyvoji novych
vysokokapacitnich pametovych zafizeni, vyuziti b rovnéz
mohly najit ve spintronice ¢i kvantovych poc:ltacmh

Jednim ze zpUsobt, jak ladit magnetickou amzotropii,
coz je klicovy parametr pfi ptipravé efektivnéjsich SMMs, je
vytvofeni ur¢itého konkrétniho a stabilniho koordina¢niho
okoli centralniho atomu (koordina¢ni cislo, geometrie, sila
ligandového pole), vcemz pravé mohou pomoci
makrocyklické ligandy. Syntéza makrocyklickych liganda je
tedy samostatnou kapitolou, ktera bude pfedstavena v rémci
aoptlmahzovan coz vedlo k vyraznému navySeni vytézka
reakci. Prezentovany budou pyridinové makrocyklické
ligandy (Schéma 1) a jejich ptfedevsim kobaltnaté komplexy,
pfipadné komplexy s jinymi ionty pfechodnych kovi, se
zamétfenim na syntézu, molekulovou strukturu a magnetické
vlastnosti danych systéma’.

N A N

~ ~Z ~Z

N N N
NH HN NH HN NH HN

oo, D D

Schéma 1. Vybrané 17¢lenné pyridinové makrocyklické ligandy
Tato prace vznikla za podpory grantu UP GA_PrF 2023 007.
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Na stadium adsorpcie toxickych kovovych idnov pri
nizkych koncentraciach sa pouzila séria materialov zo skupiny
SBA-X (Santa Barbara Amorphous, X= 12, 15 a 16) s post-
synteticky modifikovanym povrchom. Ide konkrétne
opolyetylénimin (PEI) a jeho Schiffovd baza so
salicylaldehydom (PS). Adsorpéné merania Cu®* katidénov
a kinetické modelovanie ukazali, Ze matematické modely
mozno aplikovat na adsorpéné procesy s nelinedrne
klesajucim trendom. Adsorpcia kationov na nemodifi-
kovanych vzokach bola ovplyvnena morfoldgiou Castic. SBA-
15 s hexagonalnou symetriou ma najlepSie vysledky
v adsorpénej kapacite ionov kovu (Cu®": 6,72 mg g™') SBA-12
s kubickym tvarom ma nizS§iu adsorpént kapacitu ako
SBA-15 (Cu*": 6,22 mg g") a SBA-16 so sférickym rvarom
najnizdiu celkovii adsorpéna kapacitu (Cu®": (3,17 mgg™).
Povrchovo modifikované materidly s PEI vykazali zvySent
adsorpéntl kapacitu a adsorpént rychlost’ oproti nemodifi-
kovanym materidlom. V porovnani, material SBA-12-PEI
zachytil 15589 mg g Cu”", SBA-15-PEI vykazal podobny
zichyt Cu® (15,10 mgg') aSBA-16-P mal najlepsiu
adsorpénii kapaciu (18,39 mg g™'). Schiffové bazy zvysili
adsorpcné kapacity materidlov vztiahnuté na mednaté kationy.
Pre porovnanie, SBA-12-PS adsorbovala 18,43 mg g ', Taktiez
tu bol pozovany mierny pokles pri materiali SBA-15-PS
(17,18 mg g") a vyraznejsi narast pre material SBA-16-PS
(20,93 mgg'). Vplyvom morfolégie na adsorpciu, viciie
mezopéry (SBA-15>SBA-12>SBA-16) poskytuju vacsiu
adsorp¢ntl kapacitu, ale zaroven nizSia kapilarita sposobuje
pomalsiu  kineticka  rychlost adsorpcie. Modifikované
materialy zabezpecovali zachyt kovov silnou chemisorpciou,
teda tvorobu koordinaénych védzbami a tvorbou Kkavit
v pripade Schiffovych baz. Kinetické stadie poukazuju na dva
typy mechanizmov dané modelom pseudo-druhého poriadku
v pripade nemodifikovanych materidlov a Elovichov
kineticky model opisuje chemisorpciu pri modifikovanych
vzorkach. Tieto mechanizmy s ovplyvnené vnutro-¢asticovej
difuzie, ktort opisuje Weberov-Morrisov model.

Praca vznikla za podpory grantu APVV SK-CZ-RD-21-0068
a PF-VVGS-2021-2092.
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