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A single-molecule magnet (SMM) is a
metal complex that behaves as an individ-
ual nanomagnet. Each molecule, contain-
ing several metal centers with unpaired
electrons, possesses a giant resultant spin.
Given that the giant spin exhibits easy-
axis anisotropy (D>0), the magnetization
reversal between the ground states with
Jz = ±J is hindered by the potential bar-
rier of DJ2

z . The over-barrier activation is
a diffusive process that requires the sys-
tem to absorb phonon energy to be ex-
cited over the potential barrier. This is
a spin-phonon relaxation mechanism (Or-
bach mechanism). Early SMM researches
have focused on the complexes contain-
ing multiple transition metal ions. During
the past decade, lanthanide SMMs have re-
ceived much attention as promising mate-
rials with high blocking temperature, i.e.
stable SMMs [1, 2]. Owing to a large contri-
bution of angular momentum, lanthanide
complexes can become SMMs containing
only one or two magnetic ions. How-
ever, the relaxation behaviors of lanthanide
SMMs are rather complicated and several
types of mechanisms are discussed, for ex-
ample Raman, direct and quantum tunnel-
ing processes. Clarifying the mechanism of
magnetic relaxation is a key issue in lan-
thanide SMMs and assists formulation of
designing strategies for engineering long-
living SMMs.

We have previously studied a Tb-Cu
dinuclear SMM by inelastic (INS) and
quasielastic neutron scattering (QENS) [3,
4]. We are now investigating trinuclear Zn-
Ln-Zn complexes (Ln = Ce, Pr, Nd) [5, 6].
The system has only one magnetic center
in a molecule, in other words, which can be
regarded as“ single ion magnet”. Interest-

ingly, the complexes with Kramers ion (Ce
: J = 5/2 and Nd : J = 9/2) exhibit the su-
perparamagnetic SMM behavior while that
with non-Kramers ion (Pr : J = 4) does
not [6].

We have made INS experiments on AM-
ATERAS at J-PARC to search for magnetic
excitations. There exists a strong magnetic
excitation at 3-4 meV in the Pr complex but
several weak excitations in a wide energy
region (2 to 30 meV) in the Ce and Nd com-
plexes. The feature of magentic excitations
is closely related to whether it exhibits non-
SMM or SMM behavior. QENS measure-
ments were also made for the Nd complex
using DNA and AMATERAS at J-PARC
and a weak QENS contribution (about 1 %
of elastic intensity) was observed. An over-
all dynamical map ranging from 1 ps to
10 ms, which is obtained by combining the
QENS with ac susceptibility data, suggests
that the magnetic relaxation does not sim-
ply follow the Arrhenius behavior. It in-
dicates that the magnetic relaxation is not
governed by the Orbach mechanism in this
system.

However, one may consider that the re-
laxation observed in the QENS measure-
ments is not from magnetic scattering of
Nd but from incoherent/coherent scatter-
ing of other non-magnetic atoms. In fact,
the complex contains many non-magnetic
atoms (C, D, N, O, Zn…) and deuterium
atoms can possibly move even below 100
K. In order to confirm that the relaxation
observed in our QENS measurements is of
magnetic origin, we have carried out an ex-
periment with polarized neutron on NGA-
NSE at NIST. Since there exist incoherent,
coherent and magnetic scattering in Zn-Ln-
Zn systems, a xyz polarization analysis is
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necessary to extract the magnetic scattering
component. The NGA-NSE spectrometer is
suited to perform the xyz analysis, since it
uses polarized neutrons and Q-coils.

Figure 1 shows the evaluated magnetic
scattering in the temperature range from
3.5 K to 125 K. The fraction of magnetic
scattering ( fmag) at 3.5 K is about 0.8 %
which agrees with that of QENS contri-
bution. The fraction gradually decreases
upon heating due to the activation of mag-
netic relaxation and a decrease in popula-
tion of ground state. We have also mea-
sured charcoal (non-magnetic) as a refer-
ence and its magnetic scattering is esti-
mated to be 0 ± 0.2 % from the xyz analy-
sis. Therefore we could argue that the re-
laxation detected in QENS is really mag-
netic.

We are now undertaking further analysis
to probe the hybridization of ground state
in the Nd SMM. Since the intensity of elas-
tic magnetic scattering is proportional to
J2
z of the ground state, the estimate of the

intensity enables us to understand the de-
gree of hybridization of states. Particularly,
the comparison of the elastic intensity with
the excitation ones (obtained in the INS
measurements) is helpful to discuss a spin
Hamiltonian. We consider that our com-
prehensive study using neutron scattering
techniques can characterize the Zn-Ln-Zn
complexes and understand the mechanism
of magnetization reversal.
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Fig. 1. Fraction of magnetic scattering as a function
of temperature.


