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Uplatnenie vysledkov projektu

KedZe sajednalo o projekt zakladného vyskumu, uplatnenie vysledkov projektu priamo do
aplikacnej praxe nie je. AvSak dosiahnuté vysledky prispeli k posunu poznania €i uz v oblasti
pripravy materialov (aplikacia novych postupov cielenej pripravy molekulovych magnetov,
nanomagnetov, ich Strukturna modifikacia ) ako aj pri $tudiu ich Struktarnych a fyzikalnych
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vlastnosti zameranych predovSetkym na sledovanie a pochopenie relaxacnych procesov,
ktoré su zaloZené na interakcii elektronovych spinov - ako nositelov informacie s ich
okolitym prostredim, predovSetkym vibraCnymi stavmi mriezky. Popri experimentalnom a
teoretickom sledovani spinovych systémov ako aj ich okolia sme €asto krat zistili pridanu
funkcionalitu ako je napr. moznost vyuzitia sledovanych zlu¢enin na magnetické
kryochladenie formou magnetokalorického javu &i ako zaznamové médium pri systémoch
vyznacujucich sa spin crossoverom, vyuzitie vo farmacii, lieCbe tumorov vdaka zahrievaniu
v striedavom poli a pod. Mnohé ziskané vysledky vyZzaduju dalSiu kontinuitu v Studiu, ako je
napr. naviazanie experimentu na nase teoretické predpovede kvantového previazania Ci
dokoncenie projektu s planarnym rezonatorom a jeho vazbou na vybrané materialy.
Délezitost najvyznamnejSich dosiahnutych vysledkov sa odraza aj v impakt faktore
Casopisov a ich zaradeni zva¢Sa do Q1 pripadne Q2 skupiny.

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

Teoreticky sme predpovedali a experimentalne dokazali zosilnenie kvantového previazania
v Cistych a zmieSanych stavoch Heisenbergovho diméru so zmieSanymispinmi’za 1, v
Heisenbergovom diamantovom klastri so spinom 1, Heisenbergovom diméri so spinom 1 a
Heisenbergovej spinovej hviezde so spinom V5.

Teoreticky bola Studovana Zivotnost’ skyrmiénov na réznych 2D spinovych mriezkach.
Pomocou réznych metdd bolo pripravenych a charakterizovanych mnozstvo zlu¢enin, ktoré
mali prevazne charakter jedno-iénovych magnetov priCom mnohé z nich zaroven vykazovali
dalSie funkcionality ako je teplom a svetlom indukovany spin krosover, porovitost' a iné.
Priama syntéza zlu¢enin bola ¢asto krat doplnena resp. predchadzana dizajnovanim
pomocou réznych simulacnych a DFT technik. Ziskané Struktury boli nasledne modifikované
réznymi technikami (zriedenie, nanocasting, obmedzena geometria). Pri vySetrovani
elastickych vlastnosti sme indikovali odklon od Debyeovej tedrie uz pri teplotdch nominaine
nad 15 K, ¢o poukazuje na pritomnost nizkofrekvenénych optickych modov. Ich vplyv na
relaxaciu bol preukazany objavenim sa intrinzického “phonon bottleneck” (PB) efektu.
Studoval sa aj pdvod bozénového piku v krystalickych a amorfnych systémoch a jeho dopad
na relaxaciu. Kombinaciou magneto-$trukturnych korelacii a teoretickych simulacii bolo
mozné interpretovat’ relaxacné javy v molekulovych magnetoch tvorenych jednojadrovymi a
viac jadrovymi komplexami na baze 3d a 4f idbnov, v organickych materialoch, metalo-
organickych 1, 2 a 3-rozmernych polyméroch, nanokry$talitoch, nano€asticiach a sklach.
Bola pozorovana koexistencia viacerych relaxacnych kanalov na roznej Casovej Skale (1s,
10-4 s), reciproCné spravanie relaxacie, vytvorenie relaxacného kanala cez indukované
solitony &i potlacenie vplyvu vonkajSieho PB efektu polom, tvarom vzorky a pod. Je mozné
konStatovat’ naplnenie ciefov projektu aj ked v niektorych oblastiach vyzadujucich aktivhu
kooperaciu sa prejavil vplyv pandémie, predovSetkym v pripade otestovania a naslednej
modifikacie sondy planarneho rezonatora.

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

We theoretically predicted and experimentally proved the strengthening of quantum
entanglement in the pure and mixed states of a Heisenberg dimer with mixed spins 2 and 1,
in a Heisenberg diamond cluster with spin 1, a Heisenberg dimer with spin 1, and a
Heisenberg spin star with spin 2. Skyrmion lifetimes on different 2D spin lattices were
theoretically studied. Using various methods, a number of compounds were prepared and
characterized, which mainly had the character of single-ion magnets, while many of them
also showed other functionalities such as heat and light induced spin crossover, porosity
and others. Direct synthesis of compounds was often supplemented or preceded by
designing using various simulation and DFT techniques. The obtained structures were
subsequently modified by various techniques (dilution, nanocasting, limited geometry).
When investigating the elastic properties, we indicated a deviation from the Debye theory
already at temperatures nominally above 15 K, which points to the presence of low-
frequency optical modes. Their influence on relaxation was demonstrated by the
appearance of the intrinsic "phonon bottleneck" (PB) effect. The origin of the boson peak in
crystalline and amorphous systems and its impact on relaxation were also studied. By
combining magneto-structural correlations and theoretical simulations, it was possible to

Formular ZK, strana 3/4



interpret relaxation phenomena in molecular magnets formed by mononuclear and
multinuclear complexes based on 3d and 4f ions, in organic materials, metal-organic 1, 2
and 3-dimensional polymers, nanocrystals, nanoparticles and glasses. The coexistence of
several relaxation channels on a different time scale (1s, 10-4 s), reciprocal behavior of
relaxation, creation of a relaxation channel through induced solitons or suppression of the
influence of the external PB effect by the field, sample shape, etc. were observed. It is
possible to state that the goals of the project have been met, even though the impact of the
pandemic was felt in some areas requiring active cooperation, especially in the case of
testing and subsequent modification of the planar resonator probe.
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