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Single-molecule magnets (SMMs) are materials showing magnetic bistability at the molecular level. This review
provides a fundamental concept of the SMMs by reviewing the slow magnetic relaxations and the quantum tunneling of
the magnetization (QTM) of a Mn12 cluster and lanthanoid(IlI)-phthalocyaninato double-decker complexes. In the latter
part, the enhancement of the SMM properties utilizing the various kinds of dimerization method is reviewed. The
dimerization by connecting the two double-decker SMMs with Cd(II) ions revealed that very weak SMM-SMM
interactions could suppress the QTM. Covalently linked SMM dimer showed larger magnetic hysteresis than monomer
complex did, indicating that magnetic properties were enhanced by the ferromagnetic SMM-SMM interactions. Finally,
the supramolecular interactions in the solution were utilized for dimerization. The magnetic relaxation time (7) of the
supramolecular dimer became 1000 times larger than that of the monomer, showing the effectiveness of the dimerization

for enhancing SMM properties.
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Fig.1 Various types of magnetic order in solid. In case of
ferromagnet, the spins on the magnetic center interact with each
other, forming the spin-ordered states showing huge magnetic
moment. In ferrimagnet, small and large spins order
antiferromagnetically. ~ Single-molecule magnet shows a
spontaneous magnetization without intermolecular magnetic
interactions.
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Fig.2 Magnetic relaxation of the SMMs (solid curve) and the
normal paramagnetic molecules (chain curve). The small arrows
represent the ensemble of paramagnetic spins. In the initial state,
the population of the down-spin states is larger than that of up-
spin state because of the dc magnetic field. After removal of the
magnetic field, magnetization (M/Ms) decays because of the spin
reversal. Decay of the M/Ms in SMMs is much slower than that in
the normal paramagnetic molecules.
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Fig.3 (a) Crystal structure of the Mnl12 cluster. (b) Magnetic
hysteresis curve of the Mn12 cluster at 2.1 K.>19 Steps in the
hysteresis curves stem from the quantum tunneling of the
magnetization. Reprinted from Ref.9 with permission of John
Wiley and Sons. (c) Energy diagrams and the magnetic relaxation
processes in Mn12 cluster.
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Fig.4 (a) Structures of the representative lanthanoid(IIl)-based
SMMs. L 182D (b) Ligand field splitting of the TbPcy™ and the
DyPc:>.'Y Reprinted with permission from Ref. 10. Copyright
(2003) American Chemical Society. (¢) Charge densities of |J->
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Ref. 22 with permission of The Royal Society of Chemistry.
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Fig.5 (a) Suppression of the quantum tunneling of the
magnetization by introducing SMM-SMM coupling. (b)
Relationship between the arrangement of TbPc: units and the
Porm.
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Fig.6 (a) Crystal structures of the Dy(IIlI) phthalocyaninato
multiple-decker complexes. Dy(Ill) ions act as the SMMs. (b)
amT vs T plots of the multiple-decker complexes. Small increase
in the ymT values at low temperature indicate the intramolecular
ferromagnetic interactions between Dy(IIl) ions. (c¢) Imaginary
part of the ac magnetic susceptibilities of multiple-decker
complexes.
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Fig.9 (a) ymT vs T plots and (b) MH curves (at 2 K) for the of
the cationic monomer and the dimer samples.

8. BAFREZRALV: SN ZEADRK

Clamshell B 7 % o o7 = Z Wi ZEbDFiElE,
SMM Rt EICHEHTIESH 2 O D, ARLFIEITEH
TR LE N, Zhicxt L, A =72 MEAER%
IR U785 T 70 B bidmles « flifE L v 5 R
AV EBRHY, SMM FriEom LI A TH D &
WFSh 5,3 LoPao$Eko—Fo7 2oy 7 = EALT
IZ 15-crown-5 =—7 /L& E AT 25 &, Fig10@IZr~d L 9
12, KIOFAEFT 2 BREEMAT 22 EBWE ST
Do 3 FEECr Ty m—T)LE A 2 BEEE1) B AR
L, BRSO LD TEITD &, SENAHIRIN A~ b
TR R & o T B L A2 541D (Fig.10(b)) , 600-700
nm OWIER, K OTIIfE->TTL—y 7 FLTW5
ZEMnD, 1 OB X o THE FHAEEANAE L TWH
L EDNRIBRENT, P LaPe $81RD X o 1oy HIHA R A
I EELEBMES T, BREFEEEL TSI M
b, HWHERRIFR NMR A7 brE5 25 ¥, 1 OHZO
HNMR (%, 79U =T NADALy T4 A—3 g Bk
RIZE o TR TNV ERLTEN, 112 Naf M A%
WN42&, 7990 xa—F0Dar 7 A— g V) [E
FEENDZ LT, FigloeIRT LRy 7 FL5EoR
WA VDS LT, ThPe S50 To(LID)A A 1%, 58
WREER R FMEIC L Y 7 07 = UEICERE G AICHER
E—AVNEFETHIEND, ToIIDA A DAL L L
A UM OBIIMTHAEIER #2227 o7 ) &
S T-120ppm IZ b B LSKERFEHNES 7 b &2 RT, Wik
o7 b &I Th(I) A A > & O 72 prE BRIz X -
TRESNDTZH,NMR LV 5 7AEEE TS 52 & 03F
BTHD, 1T LTKEZIRMNT 5 &, —120ppm LD~
TFANKEL N LI, 2hiE, Z&bicE-T, 7 u
r W =20 To(I)A A > 6 DG EK U272 dTh 5,
Fig.10a)|Z "9 L 912, —o0 1 BT AZ v 7 LT
WHEFLEET D &, ToI)A 4 Ftbik62-73 A%
JEOEBECH A THNMR 2327 FLE 9 <A T
x5,

WAHEALRBPNE D 7=, 1 F 72 I1H[1LK S @R EDOR Y
AR T UNERATFINEEHIZ, ZJuai/bh - AX ) —)b
DIRA RPN fRts, SUEEGR S5 2 & CRIAERZ 1Bk
L7, Fig.l(@)Ili%, KIOFMIZ L 5 EfiEEEZRLT
WA, KA AV OFETF T ED EARHLND Z &
NG, TRIETER 7 BEAER MBIV TN D 2 & B3R S LTz,



F7-, Wb (Fig.11(b) #R5 L, KTFE FIZBWT
R AT U VANRKEL 2> TEY, AL L TOMEE
NAELTWD Z EnRh 5, Rk E=RAE (Fig.12(a))
Yk, 7= xToy FEERLESLOMN
Fig.12(b) T 5, HEAD 113, KEHO S REICIEE A
EEFLTE LT, QIMIZ L 2RALEMBEZ » T 5 2
EWRIB I NI, —H T, [LK4* TIRHKERIZBIT 5 0
RIEZRHRABI S, QTM B SN TWD Z L3
mkirote, EMBMUOBEREKE T L=y AKNTT 4 v T
ST LT 2 A, 1 BLOLK Y E HIZ350em FRE D
AE &R L, —fRAI72 TP $85A L RIRRE TH - 1=,

[12Kq*

K"

Absorbance

80 80
S5/ ppm

0.0 . .
300 400 500 600 700 800 20 40

Wavelength / nm

Fig.10 (a) Construction of supramolecular dimer in the
presence of K* ions. (b) Changes in UV-Vis spectra and (c) 'H
NMR spectra by adding the K* ions.
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Fig.11 (a) ymT vs T plots and (b) MH curves for 1 and
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[12K*4]*" in the absence of a dc magnetic field.
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