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CTerleH ,,JJOKTOp*

Miroslav Georgiev and Hassan Chamati, Magnetic excitations in molecular magnets with
complex bridges: the tetrahedral molecule Ni4Mo12, Eur. Phys. J. B, 92:93, 2019

Abstract. We investigate the spectroscopic magnetic excitations in molecular magnets with
complex intermediate structure among the magnetic ions. Our approach consists in introducing a
modified spin Hamiltonian that allows for discrete coupling parameters accounting for all
energetically favorable spatial distributions of the valence electrons along the exchange bridges
connecting the constituent magnetic ions. We discuss the physical relevance of the constructed
Hamiltonian and derive its eigenvalues. The model is applied to explore the magnetic excitations of
the tetrameric molecular magnet Ni4Mo12 . Our results are in a very good agreement with the
available experimental data. We show that the experimental magnetic excitations in the named
tetramer can be traced back to the specific geometry and complex chemical structure of the
exchange bridges leading to the splitting and broadness of the peaks centered about 0.5 meV and
1.7 meV.

AOcTpakT. B Tasu cratus usciaeqBaMe CrieKTPOCKOITMYHKTE MarHUTHU Bb30Y)K/jaHHsI Ha MOJIEKY/THH
MarHiTy CbC CJIOKHA MOCTOBA CTPYKTypa OT aTOMM CBBbp3Ballla MarHUTHUTe WOHU. [Ipenyokenus
TIOAXOZ, Ce CBbCTOM BBB BbBEXKJAHe Ha MOJU(ULIMPAH CIMHOB XaMWITOHUAH, KOWTO BKI/IIOYBA
rnapaMeTpyd MMald JUCKPeTeH CIIeKTbp OT CTOMHOCTH, OTYMTAallld BCUYKA €HePryuiHO
GnarornpusTHU MPOCTPAHCTBEHH pasIipe/ie/ieHus] Ha BaJleHTHUTE eJIeKTPOHU 110 0OMeHHUTe MOCTOBe
CBBP3BAIlM ChCTaBHUTE MAarHUTHU HOHU. B forrb/iHeHHe oOCckkaaMe ¢u3nueckata 3HAYUMOCT Ha
KOHCTpyMpaHusi XaMWITOHWaH U Tpe/CTSBSIMe HeroBUTe COOCTBEHHW CTOMHOCTU. MogensT ce
npwiara 3a M3c/jeJBaHe Ha MarHUTHHUTe BB30YKJaHWsS Ha MOJEKyISpHUAT MarHUT NidMol2.
[TonyueHuTe TeOpPeTMUHM pe3yJaTaTd ca B MHOro [/l00po CBHOTBETCTBHE C HaJUYHUTE
eKCriepuMeHTa/Hu [JaHHU. CbOTBeTHO, HHe T[I0KasBaMe, ue eKCIlepUMeHTa/HUTe MarHUTHU
Bb30y)KJ@aHUSI B TIOCOUEHHsI TeTpaMmep ca CJeJCTBHe OT creLudHUuHaTa TeoMeTpUs U CIOKHA
XUMHYeCKa CTPYKTypa Ha 0OMeHHUTe MOCTOBe, BOJELH /10 paslieriBaHe U OLIMPeHHe Ha MUKOBeTe,
ueHTpupanu okosio 0,5 meV u 1,7 meV.

Miroslav Georgiev and Hassan Chamati, MAGNETIC EXCITATIONS IN THE
TRIMERIC COMPOUNDS A3Cu3(PO4)4 (A = Ca, Sr, Pb), C.R. Acad. Bulg. Sci.,
72:29-37, 2019

Abstract. We study the magnetic excitations of the trimeric magnetic compounds A3Cu3(PO4)4 (A
= Ca, Sr, Pb). The spectra are analyzed in terms of the Heisenberg model and a generic spin
Hamiltonian that accounts for the changes in valence electrons distribution along the bonds among
magnetic ions. The analytical results obtained in the framework of both Hamiltonians are compared
to each other and to the available experimental measurements. The results based on our model show
better agreement with the experimental data than those obtained with the aid of the Heisenberg
model. For all trimers, our analysis reveals the existence of one thin energy band referring to the
flatness of observed excitation peaks.

AOcTpakT. B Ta3u cratusi u3yyaBaMe MarHUTHWUTE Bb30y)KJaHWUS Ha TPUMEPHHUTE MAarHUTHHU
cbeauHeHuss A3Cu3(PO4)4 (A = Ca, Sr, Pb). CniekTpure ca aHa/qvM3MpaHU IO OTHOIIEHHE Ha



Moziesia Ha Xaii3eHOepr W 00001IeH CNMMHOB XaMWITOHWAH, KOMTO OTYMTA TPOMEHHUTE BHB
pasrpe/ie/ieHUeTO Ha BaJIeHTHU €IEKTPOHU 10 0OMEHHHWTe MOCTOBE CBBbp3Ballld MarHUTHUTE HOHM.
AHaMTUYHUTE De3y/ITaTH, TIONy4YeHW B PAMKUTe HA JBamMaTa XaMW/ITOHWAHA, Ce CpaBHsBaT
eUH C /IPYT, KaKTO U C HaJIMYHWUTE eKCIIepUMEHTASHU W3MepBaHus. Pe3dynrartute, Oa3vpaHu Ha
HalllMsl MOZeJ, TOKa3BaT Mo-J00pO ChITIACHe C eKCIepUMEHTA/HWUTe [aHHHW, OTKOJIKOTO Te3H,
TIO/TyueHU C TOMOLITa Ha Mo/iesia Ha Xaii3eHOepr. 3a BCUUKUA TPUMEPH, HALIMAT aHaIu3 pa3KpuBa
CBILECTBYBAHETO Ha e/lHA CTeCHEHA eHepreTHYHa 30HAa MMallla OTHOLIEHWe KbM CTeCHeHaTa (opma
Ha HaOJIr0/jaBaHNTe TTMKOBE Ha MarHUTHO Bb30Y>KIeHue.

Miroslav Georgiev and Hassan Chamati, Magnetic Exchange in Spin Clusters. AIP Conf.
Proc.,020004, 2019

Abstract. We investigate the role of exchange bridges in molecular magnets. We explore their
effects on the distribution of the valence electrons and their contribution to the exchange processes.
The present study is focused on a spin-half dimer with nonequivalent exchange bridges. Here, we
derive an effective Hamiltonian that allows for an accurate estimation of the observables associated
to the magnetic properties of the magnet. Our results are compared to those obtained by means of
the conventional Heisenberg model that usually fails.

Ab6cTpakt. B Hacrosiust TpyA HU3c/eBaMe pojisTa Ha OOMEHHHUTE MOCTOBE B MOJIEKY/THUTE
MarHuTH. V3yuaBame TSIXHOTO Bb3/IeHCTBHE BLPXY pa3pe/e/ieHHeTo Ha BaJeHTHUTE eJIeKTPOHU U
TeXHUS MPUHOC KbM OOMeHHHUTe mporiecd. Karo mnpumepeH Mojie/l Ha MOJIEKY/a, HaCTOSIIIOTO
u3cieaBaHe ce (OKycMpa BBPXY CIM e[HA BTOpa [JUMep BKJ/IIOUBAI B CbCTaBa CU [JiBa He
eKBUBa/IEHTHU OOMEHHHM MOCTOBe. B pamKuTe Ha pasIieaHus JUMep u3BIuuame e(heKTHBEeH
XaMHU/ITOHWAH, KOWTO TM03BOJIsIBA TOYHA OLIEHKAa Ha HAO/IOeHUsATa, CBbpP3aHU C MarHUTHUTE
CBOWCTBa Ha MoJjieKysata. [lo/yueHHUTe pe3y/iTaTh Cca CPAaBHEHU C Te3M T0JIyYeHW OT MpUIaraHeTo
Ha Mo/lesia Ha XatizeHOepr.

Miroslav Georgiev and Hassan Chamati, A systematic approach to determine the spectral
characteristics of molecular magnets, arXiv:1805.01382, 2018

Abstract. We devise a formalism to investigate in a systematic way the spectroscopic magnetic
excitations in molecular magnets. This consists in introducing a bilinear spin Hamiltonian that
allows for discrete coupling parameters accounting for distinct spin coupling mechanisms among
the constituent magnetic ions, as well as the influence of the nonmagnetic ions in the system. The
model is applied to explore the magnetic excitations of the trimeric magnetic compounds
A3Cu3(P0O4)4 (A = Ca, Sr, Pb) and the tetrameric molecular magnet Ni4Mo12. Our results are in a
very good agreement with the available experimental data: For all trimers A3Cu3(PO4)4,
calculations reveal the existence of one thin energy band referring to the flatness of observed
excitation peaks. Moreover for the tetramer Ni4Mo12 , we concluded that the magnetic excitations
may be traced back to the specific geometry and complex chemical structure of the exchange
bridges leading to the splitting and broadness of the peaks centered about 0.5 meV and 1.7 meV.

AO6cTpakT. B HacTosiiaTa cratusi paspaborBame hopmanusbMm, 3a fja U3C/ie[BaMe Mo CUCTeMaTHueH
HAUMH CITIEKTPOCKOIIMYHHUTE MAarHUTHU Bb30OY>K[IAHUS B MOJIEKYJTHM MarHUTU. ToBa ce ChCTOW BHB
BbBE)XJAHETO Ha OWIMHeeH CITMHOB XaMW/ITOHMAH, KOWTO BKJIOUBA [JUCKPETHW TlapamMeTpH



OTYMTALLY Pa3/IMYHU MeXaHU3MH Ha CITIMHOBO CBbP3BaHe Cpefl CbCTaBHUTE MarHUTHU MOHU, KaKTO U
B/IUSIHUETO Ha HEMarHWTHWTe HOHM B cucTeMara. MojemnbT ce TMpuiara 3a H3C/le/lBaHe Ha
MarHUTHUTE Bb30Y>KIaHUsI Ha TpuMepHUTe MarHUTHU cheguHeHnss A3Cu3(PO4)4 (A = Ca, Sr, Pb)
U TeTpamMepHUst MosieKysieH MarHuT Ni4Mo12. Hamre pe3ynaTaty ca B MHOTO ZI0OpO ChOTBETCTBUE
C Ha/MYHWTe eKCIepuMeHTaMHW fJaHHu: 3a Bcuuku TpuMepu A3Cu3(PO4)4, wusuncinenusta
pasKpMBaT CbL[eCTBYBaHeTO Ha €/Ha ThHKA eHepreTMyHa 30Ha, OTHACsLA Ce [0 IUIOCKOCTTa Ha
HaO/ro/jaBaHUTe TMKOBe Ha BB30OyxgaHe. OcBeH ToBa 3a Terpamepa Ni4dMol2 3akmounxme, ue
MarHUTHUTE BB30YKZaHWsI MoraT Zia ObjJaT TpocsiefieHH [0 crieluduUHaTa TeOMeTpUsi U CJI0XKHA
XUMHYeCKa CTPYKTypa Ha 0OMeHHHTe MOCTOBe, BOJEIL[M [0 pa3lielBaHe M OLIMPeHre Ha MUKOBeTe
LieHTpupanu okoso 0,5 meV u 1,7 meV.

Miroslav Georgiev and Hassan Chamati, Spin multiplole moments as collective quantum
phenomena, J. Phys. Conf. Ser., 794:012026, 2017

Abstract. In this paper we investigate the occurrence of multipole moments of a collection of spins
in a quantum magnetic system. To get insights into the behaviour of such systems we start by
considering small spin clusters composed of dimers, trimers, as well as mixed spin systems with
four spins. We focus our attention on the quantum multipole states, that gave rise to the widely
discussed spin nematic and spin liquid phases. The magnetic properties of these systems are
computed and the main differences between bosonic and fermionic multipolar states are discussed.

AOcTpakT. B Tasu crartus uscieABaMe IosiBaTa Ha MY/ITHIIONHU CIMHOBH MOMEHTH B KBaHTOBa
MarHuTHa crcrema. 3a fia fobueM mpejcTaBa 3a MOBe/JeHHETO Ha TaKuMBa CHUCTEMH, pasIviexk/ame
MaJIKi CIIMHOBHU K/TbCTEPH, ChCTaBeHU OT JUMepH, TPUMepH, KaKTO U CMeCeHU CITMHOBU CUCTEMU C
yetupu crmHa. ChbCpeoTouaBaMe BHUMAHMETO CU BBPXY KBAaHTOBHUTE MY/THIIONHU CITHHOBU
CBCTOSIHUS, KOUTO MMaT MPSKO OTHOILIEeHWe KbM IIMPOKO OOCH)KAaHUTe CIMHOBM HEeMaTUUHU M
CMIMHOBU Te4yHH (a3u. MarHUTHUTe CBOWCTBA Ha Te3W CHCTEMU Ca W3UMC/IeHH, 00CHXKIAT ce |
OCHOBHUTe Pa3/MKU MexXy 0030HHUTe U (pepPMUOHHUTE MY/ITUIIONHN CITMHOBU ChCTOSTHUSI.



