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Recent studies on heat capacity calorimetry of nanomagnets including single-molecule magnets are reviewed.
Single-molecule magnet is the name of paramagnetic molecules showing superparamagnetic behavior and blocking of
magnetization reversal despite the absence of magnetic long-range order. Heat capacity calorimetry plays an important
role in the characterization of this class of nanomagnets, not only for determination of spin energy levels and magnetic
anisotropy but also for confirming the absence of magnetic long-range order. In another view, single-molecule magnets
serve as a playground for the demonstration of kinetic selection rule dominating thermal excitations, thanks to an
additional control parameter of external magnetic field which can open/close relaxation channels relating to transverse
or longitudinal manner of application. Related nanomagnets covering single-chain magnets and antiferromagnetic spin
rings are also discussed. The Zeeman-split spin levels of the latter show avoided crossings due to the off-diagonal
matrix elements of magnetic anisotropy, and it is revealed that heat capacity calorimetry is useful for understanding
such level systems.

Keywords: single-molecule magnet (SMM), single-chain magnet (SCM), antiferromagnetic spin ring, magnetization
reversal, heat capacity calorimetry, frequency-dependent calorimetry.
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Fig.1 Zero-field splitting energy levels of molecular spin S =
10. Each level is labeled by the z-component of the spin (S.).
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Fig.2 Longitudinal and transverse Zeeman splitting for spin
energy levels of molecular spin S = 10 affected by uniaxial
zero-field splitting DS, (D < 0).
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Fig.3 Magnetization hysteresis loop of [Mn;;,015(OAcC)6
(H,0),4].¥ Resonant tunneling extremely promotes the reversal
of molecular magnetizations, resulting in the stepped loop
structure.
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Fig.4 Skeletal structure of Mn;,0p; core.? Four ferro-
magnetically-coupled Mn(IV) ions carrying S = 3/2 are
surrounded by eight peripheral Mn(1I) ions carrying S = 2.
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Fig.5 Temperature of heat capacity of
[Mn;,012(0,CE)4(H,0)1." Ciy, Coins Cupy and total C,
indicate the Debye heat capacity, the multi-level Schottky heat
capacities from two Jahn-Teller isomers, the contribution from
the hyperfine interaction, and the net heat capacity, respectively.
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Fig.6 AC heat capacity C(®) of an Mn12 single crystal sample
under magnetic field applied parallel to the molecular axis.'?
Remarkable enhancement is recognized at the level-crossing
fields Bieson, Which disappears below the temperature where the
relaxation time of spin reversal coincides with the timescale of
measurement frequency .
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Fig.8 Field dependence of the isothermal heat capacity of
[LiFes(OCH3) 2(dbm)s]BPh, measured at 0.78 K.*” The solid
curve is a two-level Schottky anomaly calculated using the
energy level scheme in Fig. 7. The broken curve is the best fit
assuming sample inhomogeneity and no avoided crossings.
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