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vysledky projektu — uvedte aj publikacie prijaté do tlace

2019

1. J. Titi§, V. Chrenkova, C. Rajnak, J. Moncol, D. Valigura, R. Bo¢a: Exceptionally slow
magnetic relaxation in a mononuclear hexacoordinate Ni(ll) complex. Dalton Trans., 48
(2019) 11647-11650. https://doi.org/10.1039/C9DT02159K

2. M. Rok, M. Moskwa, M. Dzialowa, A. Bienko, C. Rajnak, R. Bo€a, G. Bator:
Multifunctional materials based on double-perovskite organic-inorganic hybrid
(CH3NH3)2[KCr(CN)6] showing switchable dielectric, magnetic and semiconducting
behavior. Dalton Trans., 48 (2019) 16650-16660. https://doi.org/10.1039/C9DT03553B
3. A. Vrablova, M. Tomas, L. R. Falvello, L. DIhan, J. Cernak, J. Titi§, R. Bo¢a: Slow
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magnetic relaxation in Ni-Ce, Ni-Gd and Ni-Dy dinuclear complexes. Dalton Trans., 48
(2019) 13943-13952. https://doi.org/10.1039/c9dt02122a

4. C. Rajnak, M. Dolai, M. Ali, J. Titi§, R. Bo€a: Slow magnetic relaxation in Cu(ll)-Eu(lll) and
Cu(Il-La(lll) complexes. New. J. Chem., 43 (2019) 12698-12701.
https://doi.org/10.1039/C9NJ02039J

2020

1. J. Pavlik, P. Masarova, |. Nemec, O. Fuhr, M. Ruben, |. Salitro$: Heteronuclear Iron(liN)-
Schiff Base Complexes with the Hexacyanidocobaltate(lll) Anion: Onthe Questto
Understand the Governing Factors of Spin Crossover. Inorg. Chem., 59(5) (2020) 2747-
2757. https://doi.org/10.1021/acs.inorgchem.9b03097 y

2. A. Gee, A. H. Jaafar, B. Brachhakova, J. Massey, C. H. Marrows, |. Salitro$, N. T. Kemp:
Multilevel Resistance Switching and Enhanced Spin Transition Temperature in Single- And
Double-Molecule Spin Crossover Nanogap Devices. J. Phys. Chem. C 124(24) (2020)
13393-13399. https://doi.org/10.1021/acs.jpcc.0c03824

3. K. S. Kumar, I. Salitro$, B. Heinrich, S. Moldovan, M. Mauro, M. Ruben: Spin-crossover in
iron(ll)-phenylene ethynylene-2,6-di(pyrazol-1-yl) pyridine hybrids: toward switchable
molecular wire-like architectures. J. Phys.: Condens. Matter., 32 (2020) 204002.
https://doi.org/10.1088/1361-648X/ab6cc2

4. S. Sterbinska, M. Holub, J. Kuchar, E. Cizmar, J. Cernak: Markedly different magnetic
properties of two analogous Ni(ll) complexes with 2-aminoethylpyridine:
[Ni(2aepy)2CI(H20)]CI.H20 and [Ni(2aepy)2(NO3)]NO3. Polyhedron, 187 (2020) 114654
(1-10). https://doi.org/10.1016/j.poly.2020.114654

5. A. Switlicka, B. Machura, M. Penkala, A. Bienko, D. C. Bienko, J. Titi§, C. Rajnak, R.
Boc¢a, A. Ozarowski: Slow magnetic relaxation in hexacoordinated cobalt(ll) field-induced
single-ions magnets with large spin-reversal barrier. Inorg. Chem. Front., 7 (2020) 2637-
2650. https://doi.org/10.1039/D0QI00257G

2021

1. C. Rajnak, R. Bo¢a: Coord. Chem. Rev. 436 (2021) 213808 (12 pp). Reciprocating
thermal behaviour of single ion magnets. https://doi.org/10.1016/j.ccr.2021.213808

2. R. Bo€a, C. Rajnak: Coord. Chem. Rev. 430 (2021) 213657 (14 pp). Unexpected
behavior of single ion magnets. https://doi.org/10.1016/j.ccr.2020.213657

3. B. Drahos, |. Salitro$, I. Cisarova, R. Herchel: A multifunctional magnetic material based
on a solid solution of Fe(ll)/Co(ll) complexes with a macrocyclic cyclam-based ligand. Dalton
Trans., 50 (2021) 11147-11157. https://doi.org/10.1039/d1dt01534f

4. N. Suryadevara, A. Pausch, E. Moreno-Pineda, A. Mizuno, J. Blrck, A. Baksi, T.
Hochdbrffer, I. Salitro$, A. S. Ulrich, M. M. Kappes, V. Schiinemann, W. Klopper, M. Ruben:
Chiral Resolution of Spin-Crossover Active Iron(ll) [2x2] Grid Complexes. Chem. Eur. J., 27
(2021) 15172—15180. https://doi.org/10.1002/chem.202101432

5. B. Brachniakova, J. Moncol, J. Pavlik, I. Salitro$, S. Bonhommeau, F. J. Valverde-Mufioz,
L. Salmon, G. Molnar, L. Routaboula, A. Bousseksou: Spin crossover metal—organic
frameworks with inserted photoactive guests: on the quest to control the spin state by
photoisomerization. Dalton Trans., 50 (2021) 8877-8888. https://doi.org/10.1039/d1dt01057¢c
2022

1. R. Bo¢a, C. Rajnak, J. TitiS: Inorg. Chem., 61 (2022) 17848-17854, Quantified Quasi-
symmetry in Metal Complexes. https://doi.org/10.1021/acs.inorgchem.2c03176

2. D. Valigura, C. Rajnak, J. Titi§, J. Moncol, A. Bienko, R. Bo¢a: Dalton Trans., 54 (2022)
5612-5616. Unusual slow magnetic relaxation in a mononuclear copper(ll) complex.
https://doi.org/10.1039/d2dt00023g

3. J. Jurakova, |. Salitro$: Monatsh. Chem., 153 (2022) 1001-1036. Co(ll) single- ion
magnets: synthesis, structure, and magnetic properties. https://doi.org/10.1007/s00706-022-
02920-0

4. M. Gebrezgiabher, S. Schlittenhardt, C. Rajnak, J. Kuchar, A. Sergawie, J. Cernak, M.
Ruben, M. Thomas, R. Boc¢a: A dinuclear dysprosium Schiff base complex showing slow
magnetic relaxation in the absence of an external magnetic field. New J. Chem., 46 (2022)
16702-16707. https://doi.org/10.1039/D2NJ02591D

5. J. Titi§, C. Rajnak, R. Boca: Energy levels in Pentacoordinate d5 to d9 Complexes.
Inorganics, 10 (2022) 116 (1-18). https://doi.org/10.3390/inorganics 10080116

2023

1. V. TK&C, R. Tarasenko, A. Doroshenko, V. KaveCansky, E. Cizmar, A. Orendadova, R.

Formular ZK, strana 2/4



Smolko, J. Cernak, M. Orendagd: Reciprocating thermal behavior in a magnetic field induced
slow spin relaxation of [Gd2(H20)6(C204)3]-2.5H20. Solid State Sci., 136 (2023) 107105.
https://doi.org/10.1016/j.solidstatesciences.2022.107105

2. S. Sterbinska, M. Holub, E. Cizmar, J. Cernék, L. R. Falvello, M. Tomas: An old
crystallization technique as a fast, facile and adaptable method for obtaining single crystals
of unstable "Li2TCNQF4" and new compounds of TCNQ or TCNQF4: Syntheses, crystal
structures and magnetic properties. Crystal Growth&Design, 23 (2023) 4357—-4369.
https://doi.org/10.1021/acs.cgd.3c00160

3. R. Micova, C. Rajnak, J. Titi§, E. Samolova, M. Zalibera, A. Bienko, R. Bo€a: Slow
magnetic relaxation in two mononuclear Mn(ii) complexes not governed by the over-barrier
Orbach process. Chem. Commun., 59 (2023) 2612-2615.
https://doi.org/10.1039/d2cc06510j

4. N. Malinova, J. Jurdkova, B. Brachriakova, J. Dubnicka Midlikova, E. Cizmar, V. T.
Santana, R. Herchel, M. Orlita, |. Mohelsky, J. Moncol, P. Neugebauer, |. Salitros:
Magnetization Slow Dynamics in Mononuclear Co(ll) Field-Induced Single-Molecule Magnet.
Cryst. Growth Des., 23 (2023) 2430-2441. https://doi.org/10.1021/acs.cgd.2c01388

Uplatnenie vysledkov projektu

Dosiahnuté vysledky predstavuju vyznamny prispevok k rozvoju vednej discipliny v oblasti
molekulového magnetizmu, &i uz v teoretickej oblasti ako aj v oblasti experimentu. Ako
priklad objavu je mozné uviest, Ze v ramci projektu bol pripraveny komplex Cu(ll), v pripade
ktorého sa prvykrat pozorovala pomala magneticka relaxacia spomedzi komplexov Cu(ll).
V ramci projektu sa vytvorili multifunk&né systémy, ktoré okrem magnetizmu vykazovali aj
dalSie zaujimavé vlastnosti a naznacili moznost aplikacie dosiahnutych vysledkov v oblasti
prepinacov a elektronickych suciastok na nanourovni. Napriklad v rdmci projektu sa
testovali spinacie vlastnosti molekuly [Fe(EtOSalPet)(NCS)], ktora vykazovala prudky SCO,
a tato savyuzila pripravu mikroelektronického zariadenia, v ktorom elektricky odpor bol
kontrolovany vysokospinovym alebo nizkospinovym stavom pouZzitého jednojadrového
komplexu Fe(lll).

Projekt mal vyznamny dosah aj v pedagogickej oblasti, nakolko v sulade so zameranim
projektu sa vypracovalo velké mnozstvo diplomovych prac a PhD. prac; celkove sa obhgjilo
10 PhD. prac a dalSie 3 obhajoby su naplanované na august 2023.

Vysledky projektu sa vyuZili aj pri popularizacnych aktivitach.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

V sulade s planovanymi ciefmi projektu sa pocas celej doby rieSenia projektu skumali
koordina¢né zlu€eniny a najma ich magnetické vlastnosti. Studované koordinaéné zluceniny
obsahovali magneticky aktivne centralne atbmy na baze 3d a 4f kovov, alebo obsahovali
kombinaciu dvoch réznych druhov centralnych atémov (heterospinové zlu€eniny). Niektoré
pripravené a Studované heterospinove zlu€eniny obsahovali ako magneticky aktivnu zlozku
aj organicky radikal. Z hfadiska magnetickych vlastnosti sa opisalo viacero novych
komplexov vyznac€ujucich sa pomalou magnetickou relaxaciou, najma na baze Co(ll).
Vynimo¢ne sa pozoroval jav pomalej magnetickej relaxacie aj pre komplexy Cu(ll), Ni(ll) a
Fe(lll); v pripade komplexu Cu(ll) to bol vobec prvy znamy pripad opisany vV literature.
Studovali sa aj niektoré dalSie fyzikalne javy spojené s magnetizmom. \Vlyznamna pozornost
sa venovala niektorym aktualnym aspektom molekulového magnetizmu ako su reciprocné
teplotné spravanie prejavujuce sa skracovanim relaxacného ¢asu pri chladeni, moznost
dosiahnut velmi vysoké hodnoty bariéry preklopenia spinu v pripade komplexov Co(ll), efekt
uzkeho fonénového hrdla, pozorovanie pomalej magnetickej relaxacie v pripade nominalne
izotropného systému Gd(lll), identifikacia komplexu Ni(ll), ktory sa nachadza blizko
kvantovo-kritického bodu definovaného pomerom jednoidnovej anizotropie a vymennej
interakcie, alebo pozorovanie velmi atraktivneho SCO efektu lokalizovaného pri izbovych
teplotach v pripade komplexu Fe(ll).

Pripravili sa aj nové multifunkéné zlu¢eniny kombinujuce dve rézne viastnosti, ako su napr.
magnetickeé a dielektrické vlastnosti, magnetizmus a chiralita, kombinacia javov SMM a
SCO. Pripravilo sa mikrolektronické zariadenie zaloZzené na spinacich vlastnostiach
molekuly [Fe(EtOSalPet)(NCS)], ktora vykazovala prudky SCO. V tomto zariadeni bol
elektricky odpor kontrolovany vysokospinovym alebo nizkospinovym stavom pouzitého
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jednojadrového komplexu Fe(lll). Uvedené experimenty predstavuju krok smerom k
aplikacii.

Taziskové prace venované Studiu magnetickych viastnosti boli doplnené dal$imi pracami
venovanymi najma Studiu syntézy, charakterizacie a krystalovej struktury novych
koordina¢nych zlu€enin, v niektorych pripadoch doplnené o syntézu a pouzitie novych
ligandov, resp. aj o Studium biologickej aktivity pripravenych komplexov.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

In accordance with the planned goals of the project, coordination compounds and, in
particular, their magnetic properties were investigated during the entire duration of the
project. The studied coordination compounds contained magnetically active central atoms
based on 3d and 4f metals, or contained a combination of two different types of central
atoms (heterospin compounds). Some prepared and studied heterospin compounds also
contained an organic radical as a magnetically active species. From the point of view of
magnetic properties, several new complexes characterized by slow magnetic relaxation
have been described, mainly based on Co(ll). The phenomenon of slow magnetic relaxation
was also exceptionally observed for Cu(ll), Ni(ll) and Fe(lll) complexes; in the case of Cu(ll)
complex it was the first known case reported in the literature.

Some other physical phenomena associated with magnetism were also studied. Significant
attention was paid to some current aspects of molecular magnetism, such as the reciprocal
temperature behavior manifested by the shortening of the relaxation time upon cooling, the
possibility of achieving very high values of the spin flipping barrier in the case of Co(ll)
complexes, the phonon bottleneck effect, the observation of slow magnetic relaxation in the
case of nominally isotropic Gd(lll) system, identification of a Ni(ll) complex located near the
quantum-critical point defined by the ratio of single-ion anisotropy and exchange interaction
or observation of a very attractive SCO effect localized at room temperatures in the case of
the Fe(ll) complex.

New multifunctional compounds were prepared, in which were combined two different
properties, e. g. magnetic and dielectric properties, magnetism and chirality, combination of
SMM and SCO phenomena. A microelectronic device was prepared based on the switching
properties of the molecule [Fe(EtOSalPet)(NCS)], which exhibited a sharp SCO. In this
device, the electrical resistance was controlled by the high-spin or low-spin state of the
mononuclear Fe(lll) complex used. The mentioned experiments represent a step towards
application.

The main works devoted to the study of magnetic properties were supplemented by other
works devoted mainly to the study of the synthesis, characterization and crystal structure of
new coordination compounds, in some cases supplemented by the synthesis and use of
new ligands, or also for the study of biological activity of prepared complexes.
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