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Magnetic clusters:
Mn, Mn2, Mn3, Mn4, [Mn4]2, Mn5, Mn6, Mn7, Mn8, Mn9, Mn10,
Mn11, Mn12, Mn13, Mn16, Mn18, Mn21, Mn24, Mn26, Mn30, Mn84

Fe2, Fe3, Fe4, Fe5, Fe6, Fe7, Fe8, Fe10, Fe11, Fe13, Fe17/19, Fe19

Co4, Co6, Co10

Ni4, Ni5, Ni6, Ni8, Ni12, Ni21, Ni24

Co2Gd2, Co2Dy2, Cr12, CrNi6, CrNi2, CrCo3, Fe10Na2, Fe2Ni3, 
Mn2Dy2, Mn2Nd2, V15, Ho, ...

• • • • • •

S = 0, 1/2, 1, 3/2, 2, 5/2, 4, 9/2, 5, …………. 33/2



Chemistry: T. Liz, 1980;  Magnetism: R. Sessolli et al., 1990s





Quantum Magnetization Curve
J. Friedman, M. Sarachik, J. Tejada, R. Ziolo (PRL - 1996)



Landau-Zener transitions in molecular magnets
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AFM dimer [Mn4]2 ,  S=±9/2 , Wernsdorfer et al., Nature-2002;  Hill et al., Science-2003



Magnetization curve of Fe-8 (W. Wernsdorfer)
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Berry Phase Effects: Interference of Tunneling Paths



Avalanches in Mn-12 Acetate



CCNY Experiment – Spring 2005, Y. Suzuki, M. Sarachik, et al.



Magnetic Deflagration 
[Y. Suzuki, M. Sarachik, E. Chudnovsky, PRL – 30 Sept 2005]



Magnetic Deflagration 
[Y. Suzuki, M. Sarachik, E. Chudnovsky, PRL – 30 Sept 2005]





Theory of Magnetic Deflagration
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Quantum Magnetic Deflagration 
[A. Hernandez-Minguez et al, PRL – Nov 2005, to appear]



CONCLUSIONS

Crystals of molecular nanomagnets exhibit two 
modes of magnetic relaxation:

• The slow relaxation mode, which is responsible 
for the staircase magnetization curve, is due to 
thermally assisted quantum tunneling (Landau-
Zener transitions) between resonant spin 
levels.

• The fast magnetization reversal is equivalent to 
the deflagration in a flammable chemical 
substance. This observation opens ways of 
controllable non-destructive studies of 
deflagration and, possibly, detonation.


