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Molecule-based magnets
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 JM. Rawson et al.

 Coord. Chem. Rev. 1999, 189, 135-68

Organic compounds
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Molecule-based magnets

[FeIIICp*2].+[TCNE].-  Tc = 
4.8K

J. S. Miller Inorg. Chem 2000, 39, 4392-4408

Organometallic compounds
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Molecule-based magnets

Overlap / orthogonality between magnetic orbitals

AntiferroFerro

O. Kahn Inorganica Chimica Acta 1982, 62, 3-14

Magneto-structural relationships
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Molecule-based magnets

B. Gillon et al. 
JACS 1997, 119, 3500-3506

E. Ressouche
JACS 1993,115, 3610-3617

Experimental verification by Polarized Neutron Diffraction (PND)

Magneto-structural relationships
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Single Molecule Magnets (SMMs)

Thermal activation

up down

+M -M

M = 0

negative zero-field splitting (zfc)

U≈ DS2 

M = ±S 

S (or J)

zfs
U 

up

down

Single Molecule 
Magnets

Required
-  High magnetic moment (S )
-  Strong negative uniaxial magnetic anisotropy (D < 0)

Tunnel effect

W. Wernsdorfer Adv. Chem. Phys. 2001, 118, 99-189.
Gatteschi et al Angew. Chem. Int. Ed. 2003, 42, 268-297.

[t  exp(U/kT)].
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Single Molecule Magnets (SMMs)

Mn12 = [MnIII8MnIV4]

D. Gatteschi, G. Christou et al. 
JACS 1993, 115, 1804-1816

S= 10, D=-0.5 cm-1, TB=3-4K

 Hysteresis loop for crystals shows step: 
Quantum Tunnelling of Magnetisation 

(QTM) 
Barbara et al, Nature, 1996, 383, 145.

more recent examples: Mn4, Fe8, V4, Fe4, Fe10, Mn10 and Fe19

TB = Blocking temperature / temperature at which relaxation (t) time is 100s

Mn12 : First SMM
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Ln = Tb, Dy , Ho

N. Ishikawa  et al. J. AM. CHEM. SOC. 2003, 125, 8694-8695
N. Ishikawa, W. Wernsdorfer et al. Angew. Chem. Int. Ed. 2005, 44, 2931 –2935
N. Ishikawa, W. Wernsdorfer et al.  JACS. 2005, 127, 3650-3651

Single Molecule Magnets (SMMs)

Wanted !  : Magnetic anisotropy

Single-ion magnets
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Single Molecule Magnets (SMMs)
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Instealing Magnetic anisotropy

[Dy3Cu
6]

Heterometallic systems with d and f elements
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