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Quantities for Description of Magnetism

magnetic moment magnetic moment of the spin carrier
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Phenomenology: Kinds of Magnetic Behaviour
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_Inorganic

VS

e atomic entities
e half filled shells
e stable

e a-Fe ca. 4-1023 spins

empirics
theoretical modells

no unified theory of magnetism

Mag n.ets

spin carriers

1cm3 contains

methodics

Organic

e molecular entities
unsaturated valences
e reactive

L. large interspin distances
L small exchange E
|_>TC low

e ca. 1021-1022 spins
_H_NHi
- M _V_ZV low

theoretical proposals

material design

sl eXtrapolation hardly possible




Characteristics of Ferromagnets

permanent hard magnets:
*H_  high (10%-107 A/m)
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non-permanent soft magnets:
*H, low (< 0,1 A/m)
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Characteristics of Applications

Ferromagnets Organic Materials
permanent hard magnets: e in medicine
* H,g high (104-107 A/m) e biocompatibility - * magnetic imaging
* Mo = My, e flexibility * transducers for
iy implants

non-permanent soft magnets: e low densities
“H_ low (< 0,1 A/m) ==

e insulating e to guide or deflect H,_,,:

* magnetic shielding

M behaviour
- 7 of HV electrical lines
v / | % core materials in

J H cbercive H sat

transformers

Crayston, J. A.; Devine, J. A.; Walton, J. S.; Tetrahedron 2000, 56, 7829
Veciana, J.; Iwamura, H. MRS Bull. 2000, 41

Iwamura, H. Adv. Phys. Org. Chem. 1990, 26, 179

Raica. A. Chem. Rev. 1994. 94. 871



Organic Ferromaqnets

Ratlonal DeS|qn

Expected
Synthetlc Advanteges

° env:ropmental frlendlln-..._ess
e modulation of properties thanks
composmon -structure relatlonshlp

) compatlblllty with polymers

Crayston, J. A.; Devine, J. A.; Walton, J. S.; Tetrahedron 2000, 56, /829

Encountered
D|ff|cult|es by IeS|gn

. hlgh react|V|ty

. tendency of smgle e

for bond formatlon

Veciana, J.; Iwamura, H. MRS Bull. 2000, 41
Iwamura, H. Adv. Phys. Org. Chem. 1990, 26, 179
Raica A Chem Rev 1004 04 871



Modells for Interactions

Providing Ferromagnetic Coupling
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Intermolecular Interactions for 3D Order

Arranging forces
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Van der Waals
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[14] Veciana, J.; Cirujeda, J.; Rovira, C.; Vidal-Gancedo, J. Adv. Mat. 1995, 7, 221

[15] Inoue, K.; Iwamura, H.; Chem. Phys. Lett. 1993, 207, 551




Synthetic Achievements: Organic Ferromagnets
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[16] Nogami, T.; Tomioka, K.; Ishida, T.; Yoshikawa, H.; Yasui, M. Chem. Lett. 1994, 29
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Non-conjugated Aliphatic Biradical
Exhibiting Ferromagnetic Coupling:

N,N’-dioxy-1,3,5,7-tetramethyl-2,6-diazaadamantane

no hysteresis:
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[20] Chiarelli, R.; Rassat, A.; Rey, P. J. Chem. Soc. Chem. Commun. 1992, 1081,
Chiarelli, R.; Novak, A., M.; Rassat, A.; Tholence, J. L. Nature 1993, 363, 141



Conclusions

e no complete understanding, established strategy
L trial and error

e "built in” limitations:
- reactivity of open-shell moieties

- spin low concentration

L. M,,; small — applications
L, T low - not as permanent magnets
¢ - merely as switching units

e state of the art:
- 4 kinds of organic ferromagnetic compounds found

- for each of them less than 10 derivatives
- T only for 2 of them exceeds 1 K (36 K)




The Only Incontestable Organic Magnets:

e ubiquious
e extensively studied

e understood?







Spin-Carrieres

Requirements m===p=Strategies

e kinetic stability towards
* dimerisation

* bond cleavage
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== ) rawbacks

— steric shielding

* strong bonds, e.g.

replacement of
C—H with C-ClI

— inhibition of magnetic
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Conjugated Biradicals: Connectivity < Multiplicity
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Limitations of the Modell

prediction for a planar system

2]

ESR-measurement |

twisting prevents the trough-bond coupling

I_V

nonlinear, rigid backbones,
e.g. calixarene derivatives

[2] Silverman, S. K.; Dougherty, D. A. J. Phys. Chem. 1993, 97, 13273




Paramagnetic Entities

, S>1
S=%,1 non-disjoint non-Kekulé: .-
single:
e radicals e poly-radicals
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Proposed Mechanisms of Ferromagnetic Coupling

Through-space: spin polarization of covalent bonds

anticipated for an alignment of neighbouring molecules:"
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Proposed Mechanisms of Ferromagnetic Coupling
Through-space: Cl controll in CT-salts

Modell FMO occupancies in dominant Cls
McConnell # =+ <+ <— —++4+ _ Advantage:
Ae De* A D isotropy of Coulomb forces
l. regular ordering in all directions
McConnell + +—= = — ++ l~ 3D ferromagnetic coupling
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