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Abstract

The longitudinal (Hz) and transverse (Hrt) magnetic field dependence of the relaxation time of the magnetization
in Mn12 in its S=10 ground state was measured by NMR. The minima in the relaxation time at the field for level
crossing are due to the quantum tunneling of the magnetization. The shortening of the relaxation time under the
application of Hr is shown to be due mainly to the reduction of the energy barrier.
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Mle—acetate, [MH12012(CH3000)16(H20)4] (in
short Mn12) has attracted much interest after the dis-
covery of the quantum tunneling of the magnetization
(QTM) [1]. The Mn12 contains four Mn*t (s=3/2)
ions in a central tetrahedron surrounded by eight
Mn?* (s=2) ions with two nonequivalent sites [2].
Strong antiferromagnetic interactions between Mn**
and Mn®* give rise to a ferrimagnetic state of high spin
S=10 ground state [3]. Such a ferrimagnetic internal
magnetic structure of the Mn12 was directly confirmed
from the microscopic point of view by > Mn-NMR [4].

The S=10 ground state of the cluster can be de-
scribed by a simple spin Hamiltonian

H=-DS? - BS! + gusHS (1)

where D~0.55 (K) and B~1.2 (mK) are anisotropy pa-
rameters [5]. The anisotropy introduces a large energy
barrier for the reorientation of the S=10 spins, giving
rise to a superparamagnetic behavior at low temper-
ature [6]. The last term in eq.(1) describes the Zee-
man interaction whereby the direction of the external
magnetic field with respect to the easy-axis (c-axis) is

L Corresponding author. E-mail: furu@phys.sci.hokudai.ac.jp

Preprint submitted to LT23 Proceedings

important in QTM phenomena. The longitudinal field
(Hz) parallel to the easy-axis shifts the initially pair-
wise degenerate magnetic +m substates and for certain
values of the field, i.e, 0.45n (n:integer) induces level
crossings and consequent QTM. On the other hand, the
transverse field (Hr) perpendicular to the easy-axis is
considered to enhance QTM because of the increase
of the tunneling splitting originated from a term of
guBSxHx in eq. (1). Furthermore, the Hr loweres the
barrier according to the relation Up(1-Hr/HAa)? where
Up is the barrier at zero magnetic field and Ha is the
field at which the barrier disappears.

In this paper, we report the effects of the transverse
magnetic field on the relaxation time 7 of the magneti-
zation of Mn12 in its S=10 ground state measured by
55Mn-NMR. It has been already reported in Mn12 that
the 7 can be measured by monitoring the change of the
intensity of "H-NMR signals in time after the inver-
sion of the magnetic field [7]. Using the same field in-
version method, the 7 was measured at T=1.94 K also
by *Mn-NMR, [8]. Here we have measured 7 by **Mn-
NMR signals at 2.4 K using the field inversion method
described in ref. 7. The observed relaxation behavior
measured at 2.4 K is well fitted by a single exponen-
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Fig. 1. H,-dependence of 7(H) for both H1=0 and 0.52T mea-
sured at T=2.4 K by NMR. Thin lines are just for eye-guide.
For details, see text.

tial function as exp(-t/7), in contrast to a square-root
t behavior at T=1.96 K reported previously [8]. The
details for the experimental procedure were described
in ref. 7. The oriented sample used here is the same one
used in our previous papers [4,7].

Figure 1 shows the longitudinal field dependence of
relaxation time of the magnetization (7(H)) measured
at 2.4 K by ®Mn-NMR, (closed triangles). Previous
data [7] obtained by 'H-NMR are also plotted in Fig.
1. The good agreement with the new data obtained by
S5Mn-NMR indicates that our NMR method is robust
and independent from the nucleus used as a probe.
As can be seen in the figure, 7(H) shows minima at
Hz=0.45 and 0.9 T, as indicated by arrows in the fig-
ure. The field values agree with the critical fields where
the magnetic level crossing occurs. Thus the minima
are considered to be a signature of the QTM.

Except for the minima due to QTM, the Hz-
dependence of 7(H) follows a thermal activated law
of 7(H)=7oexp((Up-13.3Hz)/ksT) with 7o=3x10""
(sec), T=2.4 K and an energy barrier Up=DexS?>=67K
(Deg=D+BS?) at the zero magnetic field as shown
by a thick solid line in the figure. This is consistent
with background thermal excitations over the barrier
as modified by the applied longitudinal magnetic field.

In order to investigate the effects of the transverse
magnetic field for the relaxation time of magnetization,
we have measured the Hz-dependence of the relaxation
time 7(H) while applying a constant transverse mag-
netic field of Hr=0.52T. The results are shown by open
triangles in the figure. As can be seen, all 7(H) under
application of the transverse field Hr=0.52T is shorter
than the data measured in Hr=0 at the same Hz. We
can see the dips of 7(H) at Hz=0.45 and 0.9 T.

The Hz-dependence of 7(H) for the background ther-
mal excitation over the energy barrier can be fitted
by the equation of 7(H)=7pexp((61 -13.3Hz)/ksT) as
shown by the broken line in the figure. This result indi-

cate that the height of the energy barrier reduces from
67 K at Hr=0 to 61 K at Hp=0.52T. The value of
61 K is very close to the value 60.2 K estimated from
the relation of 67(1-Hr/Ha)? with Ha =2DegS~10T
and H1=0.52T. The good agreement between the cal-
culated energy barrier and the experimental result is
a direct confirmation of the reduction of the energy
barrier due to the transverse magnetic field. Similar
results were also reported by measuring the Hr de-
pendence of the relaxation rates of the magnetization
around Hz~0.45T [9].

As for the effects of Hr on QTM, the critical fields
at the dips in Hz-dependence of 7(H) does not change
when the Hr=0.52T is applied. This indicates that the
critical fields for QTM are determined only by the lon-
gitudinal field component Hz. On the other hand, as
for the magnitude of the dips, we would have expected
a bigger effect at the critical field for level crossing
as a result of the bigger tunneling splitting in trans-
verse field. Instead, we could not detect any apprecia-
ble change of the dips of 7(H) at the critical fields.
This result suggests a negligible enhancement of QTM
under application of a small transverse magnetic field.
Further measurements with higher values of Hr are
underway to clarify this point.

In conclusion, we have succeeded in measuring the
relaxation time of the magnetization by NMR and we
could reproduce the minima in the 7(H) at the fields
for level crossings which are considered to be a signa-
ture of the QTM. The reduction of the energy barrier
under application of a transverse magnetic field was
confirmed by the direct measurements of 7(H) utilizing
NMR.
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