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Single Molecule Magnets (SMM'’s): bistable molecular magnetic units

SMMs require applied field to
invert their magnetization
direction below blocking
temperature

Bistability (SMM) stems
from large spin [S=10] and
negative magnetic

anisotropy corresponding

to the “easy axis” of
magnetization
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Two preferable directions of the spin
The ground state is double degenerate
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[ Ueff=|D| S° - spin-reversal barrier ]

U = |D,] (S? — 1/4) for Kramers systems
(half-integer spin)
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General spin Hamiltonian
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Ds, Es are axial and
transverse/rhombic

QS parameters

Effective spin Hamiltonian acting within the basis
of the ground S - multiplet (ZFS)
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Magnetization relaxation mechanism

Direct Raman (TA-)Quantum
Orbach (one-phonon) (two-phonon) Tunneling (QTM)
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SMMs for quantum sensing, simulation, computing and spintronics.
E. Moreno- Pineda, W. Wernsdorfer. Tech. Reviews, DOI: 10.1038/s42254-021-00340-3
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Techniques to study SMMs in bulk

Superconducting gquantum interference device (SQUID) magnetometry, electron paramagnetic
resonance (EPR) spectroscopy, inelastic neutron scattering (INS) and X-ray spectroscopies.

Nuclear magnetic resonance, muon spin (p-SR) and Mdssbauer spectroscopies.

Techniques that permit the detailed investigation of isolated SMMs:

STM, transistors, optospintronics and spin valves devices.

Theoretical Background

SA-CASSCF (state-averaged complete active space self-consistent field) methods post-Hartree—Fock
multi-reference calculations such as CASSCF/NEVPT2 (N-electron valence perturbation theory second-
order)/CASPT2 (complete active space second-order perturbation)/MRCI (multi-reference configuration
interaction)/DMRG (density matrix renormalisation group)



STN (a,b), transistors (c) and spin-valves (d).
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Optospintronics
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BKNAOQ HANPABNEHWA B PABOTY KOHCOPLUMWYMA
_ ﬂmyH,ﬂ-HHEHTEIHhHhIE OCHOBLI CNMUMHOBLIX TEXHONOTHMIA M HanpaeneHHorno
i, KOHCTPYMPOBAHUA KYMHBLIX® NONKUEMPYHKUMOHANLHLIX MaTepUanos ANA CNTMHTPOHKKN K
: MONEeKYNAPHOW 3NEeKTPOHUKN®
(Fpynna akan. PAH MopBysoson 101, HPX3 PAH w o.x.4. Konapesa [0.B., UMNX$ PAH)
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OTYET O HAYYHO-UCCNEAOBATENLCKOW PABOTE

«@yHOAMEHTaNbHbIE OCHOBLI CMMHOBLIX TEXHONOMMA U HANPABNEHHOMO KOHCTPYMPOBAHWA «YMHbLIX®

nonUyHKUMOHANbLHLIX MaTepuanos AnA CNMHTPOHMUKKW M MONEKYNSAPHOR 3NeKTPOHMUKK»
M X3 PAH (rpynna k.x.H. Yepuagseea A0, w a.¢p-m.H. Tameerea A.P.)

HAMWBONEE 3HAYHMMBIE
AOCTUIHYTBIE PE3¥NBTATEI

= 1. MNonyseHs HoBbIE hAYOpEH-
JamelleHHBIe Me3onopdrprUHaTE
megu(ll), npoeegeH aHanus
NHMHHECLEHTHBIX CBORCTE
BOMMOABKCOE B NN2HKaX

MOMKMCTHA PO . E’ma HOBNEHD, YTO
Komnaekcsl obnagaoT
CEOHCTEAMK MHIMM HECUEHTHBIX
CEHCOPOB TEMMNEPATYPEI NO
HIMEHEHWMED COOTHOLU2HKMA
MHTEHCHMBHOCTH NEPEXDLOE
dochopecyeHUMK NpH 695 HM W
npu 730 Hm.

s 2 VeravomneHo, uto drop-casted
MNAEHKa UMAHWHOBONO KpacuTena
obnafaeT MarHeTOCEHCOPHBIMM
CBOWCTBAMM NO MIMEHEHWID
COOTHOLWEHWA MHTEHCUBHOCTH
nepexoaos IMKUCCHK Npu 497 Hm
W npK 601 WM.
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Role of Coordination Number and Geometry in Controlling the
Magnetic Anisotropy in Coll Single-lon Magnets

Coordination number
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Arup Sarkar, Sourav Dey, and Gopalan Rajaraman, Chem. Eur. J. 2020, 26, 14036 - 14058, doi.org/10.1002/chem.202003211



Six-coordinate Co(ll) SIM
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Influence of Kramers degeneracy on spin-phonon relaxation

Hyperfine interaction with /1=7/2
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Phonon-induced transitions between states of an electronic Kramers doublet.
(a) Direct transitions induced by phonons are forbidden (van Vleck cancellation)
(b} The hyperfine coupling te a nuclear spin breaks down Kramers degeneracy and allows some phonon-induced transitions
(c) The Zeeman interaction splits further the levels, making transitions detectable by magnetic susceptibility measurements

’gfaw relaxation r:;?"

applied DC field
occurs independently
of the sign of the

\_ﬂ! agn elic anisot ropy Y,

/_ Factors playing the\

importantrole in the
relaxation:

1) Kramers character of
the Co(ll) ion and
hence Van-Vleck
cancelation;

2) Hyperfine inrrrm'n'ﬂ‘:y

S. Gomez-Coca, A. Urtizberea, E. Cremades, P. ). Alonso, A. Camon, E. Ruiz, F. Luis.

Nat. Commun. 5, 4300 (2014).



Field-induced SIM behaviour of a Co(ll) complex with a 1,1’-diacetylferrocene-
derived ligand
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1D CPs based on a New Bridging (Triphenodioxazine) Ligand and Co(ll) Diketonates
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Field supported slow magnetic relaxation in quasi-one-dimensional
copper(ll) complex with a pentaheterocyclic triphenodioxazine
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SIM Ha ocHoBe komnnekcoB kobankra(ll) u acphekTsl marHuTHOro paszbasneHus B

KpUcTannuyeckmx u amopdHbIX MaTpuuax
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3. Nonyyerne nuraHg-mMogudWUMpOBaHHBIX a3POrensi c
XMMWHECKN CEA3IaHHEIMIA noHamy kobansta(ll)
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HaHopa3mepHele bopuakl Kobankra Ha nognoXKkax bop-oKCUAOHBIX UNK Bop-
HUTPUAOHBIX MaTpUy
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lMNonupyHKUMOHaNbHbIE MAarHUTLbI.
MarHeTuam u (cBepx)npoBoAUMOCTb.
MNX® PAH (Mpod.3.b. Arybckmia u coTp.)
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KpucTannuueckas CTpyKTypa KaTHoH-pamukanbhoii conu  (BEDT-TTF)s{[Ga"l(ox);]+3.4H,0+0.6EtOH}.
Karnon-pagukanstbie cnod BEDT-TTF uepenytorcs co cnoamu okcanaros merannos. T.G. Prokhorova et al.,
Crystals 2018, 8, 92.
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[Mn'(5-Hal-sal,323],[ReCl¢] (Hal = Cl, Br): nepBbie KOMNMAEKCLI MapraHua,
AeMOoHCTpupyrowme 3¢ dexTsl CNMHOBOro KPoccoBepa 1 MOHOMOHHOIO MarHuTa
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X=1(1)
Cxema cvHTe3a Komnnekcos 1 u 2. X= Br {2)

ACCUMETPUYHAA INEMEHTApHaA AYSNKa CTPYHTYPSL! M3oMOpdHbIX
komnnekcos [Mn(5-Hal-sal,323],[ReCl;] (Hal = Cl, Br).

OnuHbl ceazeid Mn-0, Mn-N,_ 1 Mn-N__ 8 okpysenns Mnl v Mn2 e crpysrype komnnekca 1 or 100 ao 423 K. B otauvume ot
KaTWoHa Mn2, KOTopblA HaxoauTcA B BC coctoAHMM, KatnoH Mnl Haxoawtea 8 HC npr 100K 1 nepexogut B BC coctoAaHMe
NpW HarpeeaduK ao 423K, nepexol CONpoOBOMOILTCA IHAYUTENBHBIM YOAWHEHHWeM cBA3eln Mn-N

““““““

Parameter [l Mnl Mn2
1.874{2) 1.866(2) 1.871(2) 1.866(2) 1.868(2) 1.B65(2) 1.866(2) 1.864(2) 1.865(2) 1.B60{2) 1.864(2)1.860{2)
1981(2) 2.091(2) 1.983(2) 2.098(2) 2.004(2) 2.101(2) 2.039(2) 2.089(2) 2.067(2) 2.097(3) 2.071(3)2.098(3)

2.046(2) 2.201(2) 2.053(2) 2.219(2) 2.080(2) 2.223(2) 2.114(3) 2.225(3) 2.149(3) 2.233(3) 2.157(3)2.235(3)
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X,Tom T ana [Mn(5-Cl-sal,323],[ReCl,] (1) npn
OXNAMOEHWM U HarpeBaHuu. Komnnewc 2 nokasan
AHANOTMYHYH 3ABMCUMOCTL

" lemuimalp

2.1

X.T = 512 cmik/mol npw 100 K, 4to BnM3ko K pacd.
3Ha4yeHuio (5.6) AnA cymmel Tpex HEB3aWM, CNHMHOB: OOHOTD
Re ¢ 5=3/2, g=1.8 (x,7 = 1.6) v asyx Mn uoHOB, 0aHOro
(Mn2) & seicokocnuHosom (BC) coctoanmncS=2,g9=2 (x,, T
= 3.0), 2 apyroro (Mnl) 8 H43KoCcnMHOBOM [HC) COCTOAHKMMA C
$5=1,g=2(x,T=1.0).

Mpw Harpeeanvmk go 400 K x,.T so3pacraet Ao 6.67 cm*K/mol
, UTO YKa3LIBAET HA NOCTENEHHBIM Nepexon Katuoumos Mnl B
BC coctosnwe. OgHako nepexon He NoOAHBIA. X-ray aHanus
npu 423 K nokazan gansHelwmin poct 4nuH ceaseid Mn-N.

[ERE:

2,14

.04

10,0

0,07

81] Tk T s

YacToTHaA 3aBMCHMMOCTE  mM#EMOH  (X") HOMNOHeHTBl ac
BOCNPUMMYMBOCTH B none 3000 Oe npw  pasHbixX
Temneparypax gna komnnekca [Mn(5-Cl-sal,323),[ReCl.].

B otanume ot Komnnekcos Mn2, komnnekcel Mnl, KoTopble NpeTepnesaoT BbICOKOTEMNEPATYPHbIN

CNMHOBbLIA Nepexop, B cTpykTypax [Mn(5-Hal-sal,323],[ReCl;] (Hal = Cl, Br), cBA3bIBalOTCA B LENOYKK MEMHAY
coboii 33 CYET MEMMONEKYNAPHBIX BogopoaHbix ceaseid N-H...Cl (H...Cl 2.70 A, N...Cl 3.41 A, N-H...Cl 141.5°).



MarHuTHbIe CBOWMCTBA 0-0@H30XMHOHOBLIX KOMNNEKCcoB KobBankra ¢
TeTpageHTaTHbIM N-OOHOPHLIM OCHOBaHWEM
HO®Y (ak. B.H. MuHkuH, npod. A.l. Crapukos ¢ coTp.)
MMXd PAH (ax. C.M. Angowmn, [.B. Kopuarun, .B. lUunos)
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OuHaMmMKa AgepHbIX U 3NeKTPOHHbIX CNMHOB — KBaHTOBaA MHDOpPMaTUKA
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5.1. Doronin, E.B, Fel'dman, 1.0, Lazarev, Phys, Rev, A 104, (22334, 2019 six-spin zigzag chain at 2.4x107°K

5.1, Doronin, BB, Fel’dman, 1D, Lazarev, Phvs, Lett. A 46, 127458, 2021



AKTyanbHanA 3a8a4a MONEKYNAPHON CNMHTPOHMKMW — M3YYWUTb BO3MOMHOCTD

KOHTpONHpYEeMBIM 06pazom MEeHATE HapAAY € 33pAJ0ELIMM PacnpeaeneHHAMM TAKIKe
CNMHOBbIE COCTOAHMA MONEKYAAPHBLIX AYEEK KBAHTOBbIX KAETOYHLIX aBTOMaTOB

Keanmoaeie knemodHsle gamomame (KKA)

=5 MONEHYNAPHARA INEHTPOHMKE

Cnunoasie nepexnmosamenu (CIT) B HOTOPBIX CAKMH

HOMTPOAMPYETCA FNEKTPHYECKHM NONEM

= MONEHYNAPpHaA CNAHTROHHAK 2

BoamomHo nu ckombuHupoBats pyHKUMK KKA 1 CMN 8 ogHOM 3neKTPOHHOM yCTpolcTBe ?
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KynoHoBCcHOE none yhpaBnAKLULER AYENHM noaasnAeT
deppomarHMTHLIR  asoRHol obmeH, HO HEe  BAMABT Ha
aHTHdEpPOMErHMTHBIM reinaeH beproBcKMA obmeH —

npegnonaragman BOIMOMHOCTE CNMHDOBONo nNEPERAYEHHAA B
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Palii A, Clemente-Juan J. M., Aldoshin 5., Korchagin I, Evbakov A, Zilberg S,
Tsukerblat B. Mixed-YValence Magnetic Molecular Cell for Quantum Cellular
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AKTyanbHas 3afadya MoneKynApHOW 3NeKTPOHWKW — PaclWMPUTL KNacc CUCTEM
MPUroOHbIX B Ka4YecTBe MONeKyNnApPHbIX AYeeK KBaHTOBbIX KNETOYHbLIX aBTOMaToOB
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Palii, A.; Clemente-Juan, J. M.; Rybakov, A.; Aldoshin, S.; Tsukerblat, B. Toward
multifunctional molecular cells for quantum cellular automata; exploitation of
interconnected charge and spin degrees of freedom. /1 Physical Chemistry
Chemical Physics. —2021. — Vel, 23, N.26. — P. 14511-143528.



bunocoBmecTUMan opraHn4yecKkasa U MONeKynApHan 3NeKTPoOHUKa:
HOCUMMaAa U UMNNaHTUpPpYyeMan

T. Sekitani, T. Someya, Materials Today 2011, 14, 398
M. Irimia-Viadu, Chem. Soc. Rev,, 2014, 43, 5881
M. L. Hammock, A. Chortos, B. C.-K. Tee, J. B.-H. Tok and £. Bao, Adv. Mater., 2013, 25, 5997.



Pa3spaboTaHbl ycTpoicTBa GMOCOBMECTUMON MONEKYNAPHOW 3NeKTPOHMKN Ha
OCHOBEe NPOU3BOAHbLIX UHAWUIO U BeH3aHTPOHOBLIX KpacuTenen
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= | V. Klimowvich, AV, Zhilenkay, L. |. Huznetsova, L A, Frolova, 0. R. Yamilova, 5. 1. Troyanow, K. & Lyssenko, P. & Troshin. Novel functionalized indigo
derivatives for organic electronics. Dyes and Pigments, 2021, 186, 108966

* 0. R, Chetyrkina, F. 5. Talalaev, L. V. Kameneva, 5.V Kostyuk, P. &. Troshin, Vat Dyes: Promising Biocompatible Organic Semiconductors for Wearable
Electronics Applications, J, Mater, Chem, C., 2022, 10, 3224



B cotpygHuuecTBe ¢ yHuBepcutetom Ben-MNypuoHa paspaboTtaHbl ycTpoicTBa
ONTUYECKOW NaMATH HA OCHOBE MONEeKYNAPHbIX AOHOPHO-aKLEeNTOPHbLIX AWan

nopdgpupuH-thynnepeH
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L. A. Frolova, ¥. Furmansky, A. F. Shestakov, P. A. Liddell, D. Gust, 1. Visoly-Fisher, P. A. Troshin. Advanced non-volatile organic optical memory
using self-assembled monolayers of parphyrin-fullerene dyads. ACS Applied Moterials ond Interfoces, 2022, 14, 13, 15461



OT MONEKYNAPHOINro MarHeTu3ma K MeTarnnnyecKkomu
CNMUMHTPOHUKE
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CNMH-BEHTHALHAA NASTHOpMA © HAHOWACTHLEH PacueTHOE BACnpeLEneHHE
CONPOTHBAEHMA NOG YACTHLER

HenoneaoaanHe spin-torgue
AR QETEKTHROBIHWA YacTul,

R.Morgunov etc., Applied Surface Science, 527, 146836(2020), R.Morgunov etc., Physical Review B, 102, 134426(2020),
R.Morgunow etc, Physical Review B, 100, 144407 20149], R.Morgunow etc, Physical Review B 958 (&), 064410 {2015]



«MarHuTHble n3o6paxeHna» U MUKPOBONHOBOE AeTeKTUpoBaHUe
MarHMTO-Me4eHHOM KNeTKkn Ha NOBepPXHOCTU CNMHOBOIO BEeHTUNA
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MarHuTHble MUKPONUHUETLI ONnA 3aXxeata MarHUTo-Me4yeHHbBIX KNneTokK
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Caepa TEM nakoHeduHmEs nHHmeTa.
Crpasa — €ro MarHHTHOE HIDOPEKEHHE

Mel pazpaBoranw mukponpoBoga Fe/DyPrFeCoB ans woHuewTpauwwu
MarHMTHOMo NOTOKa W YEeNHWYeHHA CHNbl MArHWTHOMO NPUTAXEHWA. Mbi
obHapyxunu cany go 2000 nH, KOHTPONUPYHOWYH MHKPOMACTHLY TOro
e matepwana pasmepoM 1 MEM Ha WHpoKoW oBnacTH ONHHOW ~ 5 MEM,
OOCTATOMHYH ANA OGMONOrMYECKMX W  MEOMUMHCKMX NpUNOXEeHHA.
Bonkwoi rpagueHT MariuTHoro nona ao ~ 0,8:-10° Tnim, obHapyxeHHBIR
BONHIW OOMHOYHOMO HaKOHEeYHMKa MWUEponpoBofa, OYeHe ONM3I0OK K
CamMi=lM Bil=ICOEHBM rpagueHTam, AOOCTHragMi=ImM B MEOWULWHCKWX
HHCTPYMEHTaX.3TOro 3HaYeHMA rpagWeHTa [OCTATOMHO AOawe A[NA
HDE,EI,HITII:TE-HH Ha OWONOrMYecKue npoueccikl BHYTPHM HKNETOK bes
MarHWTHbLIX wmapepoB. Hanwuywe deppomariuTHore \sapa o-Fe w
teppoMarHuTHOd  amopdgHon  obBonoukw DyPrFeCoB  nozsonsnert
HCNONBLEIOBATE 4YETRIpE MAMTHWTHRIX COCTOAHWA, nNepaeknkoyasmbsix BO
BHEWHEM OOHOPOAHOM MAFHWTHOM nMone, ANA NpMcoeaMHEHMWA-
OTCOEAMHEHHMA MHKPOYaCTHL.




MeponeHHan penakKcauus spin-tnrque npv nepekno4YeHMA HanpasneHUA
MarHMTHOro nons B cuHTeTuyeckux theppumarHeTukax GdFeCo/lr/GdFeCo
MopryHoe PB., BaxmeTtees M.B., Konnak O .B.
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[OeycnoiHan cTpyKTYpa NPOABNAST CNMH-
opBuTANLHLIA BpAaWATENEHEIA MOMEHT,
NPAMO NPONOPUMOHANBHBIA
HAMATHHYEHHOCTH CNoeBs. PE3MCTHBHAR

AT FMCTepe3Mca HaMarH MYeHHOCTA.
EDX waobpamenna xnmuqeckoro coctasa obpaia GdFeCoTr/GdFeCo » ero npoduwin




PaspaboraH meTtog mccnegoBaHmsa paHee Hepas3nMYMMbIX CMUHOBLIX COCTOAHUNA
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Readout of spin quantum beats in a charge-separated radical pair by pump-push spectroscopy David
Mims, Jonathan Herpich, Nikita N. Lukzen, Ulrich E. Steiner, Christoph Lambert Science « 16 Dec 2021 »
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Tepmu4yeckn akTUBMpPOBaHHaA 3ameaneHHan cpnyopecuedumn (TADF) B cnnHoBOK guage
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Red Light-Emitting TADF of Naphthalimide-Phenoxazine Electron Donor-Acceptor Dyad...X. Zhang, ...,
J. Zhao, M. V. Fedin. Chem. Eur. J. 28 (2022) e202200510.
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