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Single-chain magnets (SCMs) featuring slow relaxation and large

hysteresis of magnetization at low temperature have recently been

attracting considerable attention owing to their potential for
information storage applications at the molecular level. On one
hand, the syntheses of SCMs is a great challenge in the field of
molecule-based magnetism, because it is difficult to achieve

experimentally the various properties that are essential ingredients

of a perfect 1D Ising-type chaiTo date, several kinds of SCMs

have been realized by the assembly of spin-carriers bridged by

nitronyl nitroxides? azides? Prussian blue anions and derivates,
and metal pyridine-2-aldoximate compleXe®n the other hand,

it is an appealing prospect to be able to create SCMs involving
other physical properties that would make the SCMs into multi-
functional materials. From this point of view, if SCMs could be
crystallized into acentric or noncentric structures, it would be

possible to obtain SCMs that possess nonlinear optical, ferroelectric

or dielectric properties, and indeed, a family of SCMs that behave
as NLO-active materials has recently been repdttddwever, no
SCMs that exhibit dielectric properties have ever been reported.

We recently reported intrachain ferromagnetic complexes that were

built from planar Mi';0 units? and this has prompted us to
investigate the possibility of finely tuning these structures to achieve
SCMs. Here, we report on a novel SCM, [MO(Meppz}(EtOH)-
(OAC)] (1, Meppz= 3-(5-methyl-2-phenolate)pyrazolate), which
was synthesized from a predesigned secondary building block
[Mn"30(Meppz}(EtOH)XCI] (2) and which demonstrated the
coexistence of magnetization relaxation and dielectric relaxation
properties.

1 was obtained from the metathesis reactior2aind sodium
acetate in ethanelacetonitrile solution (Supporting Information).
X-ray structural analystgeveals that is a chain complex in which
stepwise ranked triangular Mg(uz-O%") units are connected via
anti—anti acetate groups (Figure 1). All of the manganese ions in
the unit are octahedrally coordinated, with their Jahn-Teller
elongation axes running in the direction of the chain. The
manganese oxidation states have been established by bond-valen
sum (BVS) calculation8,charge balance considerations, and the
observed M Jahn-Teller distortion. Each edge of the triangular
unit is bridged by am/n*u-pyrazole group, and each vertex is
coordinated terminally by ap'-phenolate group, thus forming a
nearly planaf MnzO(N,O)s} moiety with the centraliz-O%~ ion
located 0.0015 A above thgMing} plane. The hydrogen bonds

Figure 1. Chain structure of viewed along the-axis; the hydrogen atoms
are omitted for clarity. Color codes: green, manganese; red, oxygen; blue,
nitrogen; gray, carbon.

1 exerts a subtle influence on the relative interunit positions, and
thus prevents the units from ranking in the same way as they do in
the methanol analoguegausingl to crystallize in theCc space
group with a larger interchain shortest MiMn separation (8.570

A, Figure S2).

The DC magnetic susceptibility dfwas measured in a field of
2.0 kOe in the temperature range from 2 to 300 K. The value of
amT is 7.95 cmi K mol~t per Mn"; unit at 300 K (Figure S4).
This decreases in the high-temperature range and falls rapidly when
T < 100 K upon cooling, reaching a minimum at 14 K. This
behavior is indicative of dominant intracluster antiferromagnetic
interactions. BelowWlyin, xmT increases to a maximum of 3.2 ém
K mol~1 at 7 K and then falls, which may arise from zero-field
splitting, Zeeman effects, and/or weak interchain interactions. These
data were fitted to the theoretical expression for an isosceles triangle
(J1, J2) model above 25 K by treating the intrachain interunit
interactions with mean-field approximatiors)) to giveJ; = —1.87
cm1, J, = —5.61 cnrl, g = 1.99 andzJ = —0.014 cntl. The
negativezJvalue indicates weak antiferromagnetic interactions via
acetate bridges, which is different from the methanol analogue in
which ferromagnetic interactions obviously existhe upsurge at
7 K may therefore be due to spin-canting interactions. It is well-
known that the planar MO unit is expected to experience

Cl%agnetic frustration at low temperature; 8value for the ground

state varies from 0, 1 to 2 based on the calculaktéd) values!®
The i/, value (0.33) ofl indicates ar5 = 1 ground state according
to theoretical prediction. Extrapolation the'T ~ T plot further
confirms anS = 1 rather thanS = 2 ground state (Figure S5),
which is co-incident with that o2 (Figure S6).

AC susceptibility measurements were performed in the range

between the ethanol molecules and the acetate groups play importané_6 K in a 3 G ACfield oscillating at 1500 Hz. Below 4 K

roles in stabilizing the chain structure df(Figure S1). It should

be noted that the large steric hindrance of the ethanol molecules in
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the strong frequency-dependent decrease in the in-phase gighal (
with the appearance of the out-of-phase signal'] is directly
associated with the slow magnetization relaxation of the SCMs
(Figure 2 and Figure S7). The SCM behaviorlofvas confirmed

by measuring a single-crystal hysteresis loop and associated
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Figure 3. (Top) M vs H hysteresis loop for a single crystal @f M is

normalized to its saturation value. (Bottom) Arrhenius plot using AC and
DC data. The dashed line is the fit of the thermally activated region to the

Arrhenius equation.

relaxation using a micro-SQUIB. Hysteresis (Figure 3, top) was

observed below 2.0 K, with coercivity increasing with decreasing

Dielectric Loss

TiK

Figure 4. Temperature dependence of dielectric losslot different
frequencies.

the relaxation timery are estimated as being approximately 0.21
eV and 3.1x 10717s, respectively. This behavior may be assigned
to the polar structure and/or a chain microvibration that results in
an overall chair-chain dipolar relaxation proce$%:d

In conclusion, we have synthesized a new SCNthat was
prepared via a step-by-step method from a predesigned building
block (2) with anS= 1 ground state. The most important aspect
of this is thatl is the first example of a compound that exhibits
the coexistence of magnetization relaxation and dielectric relaxation
in a SCM.
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