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Abstract

Magnetization reversal of Mn12 cluster has been studied in ultra-fast sweeping magnetic fields. Below 3 K, a jump
of magnetization is found in magnetization process in pulsed fields. A temperature dependence of magnetization
saturates below the blocking temperature of 1.3 K. Time and critical field of the reversal show strong sweep velocity
dependences.
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1. Introduction

A problem of magnetization reversal in a single-
molecular magnet has attracted a great deal of atten-
tion in this decade. In a single molecular magnet such
as Mn12 cluster, a reversal of magnetization occurs
only at crossing points of the discrete energy levels.
A concept of ”quantum tunneling” of magnetization
should be adopted for this case.[1] A most simplified
model for this phenomenon is so called ”Landau-
Zener-Stückelberg-mechanism”(LZS-mechanism) and
many theoretical and experimental investigations
have been made on this model.[2] One of the most
important characteristics of the LZS-mechanism is a
non-adiabatic transition. For example, the tunneling
probability depends on the sweeping speed of a mag-
netic field at crossing point and thus the change of
magnetization also depends on the sweep speed. An
investigation of magnetization process under a fast
sweeping magnetic field is thus very important for the
study of a non-adiabatic transition and a quantum
tunneling phenomenon.
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2. Results and discussion

Single crystals of [Mn12O12(O2CC6H5)16(H2O)4]
·2C6H5CO2H molecule cluster have been used. This
cluster contains two inequivalent Mn12-molecules sites.
The directions of the easy axes are nearly orthogonal
each other. The present measurements are made for
H‖b. In this direction, the angle between the molecular
axis and the external field is identical for two sites. The
angle is about 40 degree and thus a strong transverse
field is applied to the molecules.To avoid any extrinsic
phenomena due to the sample misalignment, single
piece of crystal is used for each measurement. Fast
sweeping magnetic fields have been generated by using
a pulsed field generator consists of a capacitor bank
and a inductive coil. To change the sweep velocity in
wide range, several different combinations of capaci-
tance and inductance have been employed. Since the
field pulse is sinusoidal in this case, the sweep velocity
increases with increasing field maximum.

Figure 1 shows the magnetization curves measured
at different maximum fields and at different sweep ve-
locities. Since the blocking temperature is 1.3 K, the
temperature dependence of the magnetization curve is
negligibly small below 1.5 K. A magnetization jump
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occurs only when the maximum field exceeds a thresh-
old fieldHth.

In a conventional tunneling of magnetization, the re-
versal occurs only at the level crossing points and this
typical behavior is not found in the present case. It in-
dicates that the jump is not a tunneling of magnetiza-
tion. A similar phenomenon was found in Mn12ac and
was named as ”avalanche effect”.[1] It is interpreted
that a fractional reversal of magnetization at a crossing
point emits heat and thus triggers the avalanche rever-
sal of magnetization. Because of the thermal process,
a large distribution of the critical field Hc was found,
i.e. the critical field changes sweep by sweep. The re-
versal time was found to be about 1 msec and it is
consistent with the thermal mechanism. In the present
case, it is noticed that Hth is close to the level crossing
point between Sz=-10 and Sz=+9 levels. This coinci-
dence shows that the present reversal is also triggered
by the tunneling. The distribution of Hc is not found,
however, in the present case. More over, the time of the
magnetization reversal is much faster than that of the
previous case.

To investigate a possible mechanism of the magne-
tization reversal, the time of reversal is examined at
different sweep speed. It is found that the reversal time
decreases with increasing sweep speed. In the thermal
avalanche effect, it is expected that the reversal time
depends on the initial heat emitted by the tunneling
of magnetization. Since the tunneling probability de-
creases for the fast field sweep, the longer reversal time
should be needed in fast sweep. It is opposite to the ex-
perimental finding. For these discrepancies, the ”ther-
mal avalanche” is not adoptable for the present case.
We propose an alternative mechanism as follows.

In the case of Mn12ac, all the spins are parallel and
thus the dipolar field by the nearest neighbor molecules
is parallel to the spins. It is considered that the longi-
tudinal static dipolar field does not contribute to the
tunneling. In the present case, the situation is differ-
ent. Because of the nearly orthogonal arrangement of
nearest neighbor molecules, a transverse dipolar field
presents. When a tunneling occurs, this transverse field
changes and may induce the reversal at nearest neigh-
bor sites. It should be also noticed that a strong exter-
nal transverse field is applied in the present case. A pure
LZS-mechanism cannot be adoptable for such case. A
reversal may occurs in wide range of fields apart from
the crossing points because of the strong mixing due to
the transvers field. A rather fast reversal of magneti-
zation such as 10 µs may be interpreted by this ”dipo-
lar field avalanche”. A theoretical investigation of such
mechanism as well as the treatment of non-LZS transi-
tion in strong transverse field are challenging subjects
for future theoretical investigations.
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Fig. 1. Sweep field dependence of magnetization process for

H‖b at 1.5 K. The vertical dashed line shows the Hth.
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Fig. 2. Sweep speed dependence of the time of magnetization

reversal for H‖b at 1.5 K. Sweep speed dependence saturates

around the point indicated by an arrow.
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