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Heat Capacities and Phase Transitions of a Molecule-Based
Magnetic Material : NBu, [Fe"Fe" (0x),],
Bu=n-C,H, ; ox=oxalate

Molecule-based magnetism is a current
topic of increasing scientific interest. Cur-
rent research in this field aims to prepare
materials exhibiting ferro / ferrimagnetic
transitions as well as to understand the
mechanism of magnetic interactions in-
volved. Among several materials reported
so far, the oxalate ligand bridged mixed-
valence molecule-based two-dimensional lay-
ered material NBu,[Fe"Fe"(ox);] is of spe-
cial importance due to its curious mag-
netic properties. This compound was found
to be ferrimagnetic (Tw =43K) with the
anticipations of a spin-glass like state
below 40K and a structural phase transi-
tion around 38K. A rarely occurring nega-
tive magnetization phenomenon was ob-
served in this compound below 30K when
pre-cooled under low magnetic fields
[A.Bhattacharjee et al, J. Phys. Soc. Jpn.,
68 1679 (1999)]. As heat-capacity calorimetry
can detect the existence of phase transition
and elucidates the various aspects of mag-
netic interactions based on precise heat ca-
pacity measurements, it is worth while to
study the heat capacity of NBu, [Fe® Fe"
(0x)s), with the hopes that this study ()
may give new insights into the low tem-
perature magnetic properties, mechanism
of the phase transition involved, and (ii)
may identify any other phase transition oc-
curring.

The heat capacity measurements in 0.1-
300K range have revealed three heat capac-
ity anomalies at 16.3K, 43.3K and 217K
for NBu.[Fe"Fe"(0x)s] (Fig.1 and Fig.2).
The small anomaly at 16.3K seems to be
due to a spin glass like disordered state,
as anticipated from other measurements.
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Fig. 1. Magnetic heat capacities AC, vs T
plot.
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Fig. 2. Excess heat capacities due to order-
disorder transition AC, vs T plot.



The anomaly at 43.3K 1s due to the mag-
netic phase transition, as this temperature
corresponds to the ferrimagnetic transition
temperature. The spin alignment of the tri-
valent Fe" and divalent Fe" spins in the
NBu, [Fe"Fe" (0x);] lattice is due to an
antiferromagnetic superexchange interaction
between Fe"(S=5,2) and Fe"(S=2) spins
through the anionic oxalate ligand. The
agreement between the observed and the ex-
pected values of magnetic entropy is fairly
good. No evidence of expected structural
phase transition around 38K has been de-
tected in the present study.

The observed heat capacity anomaly at
217K in NBu,[Fe"Fe"(ox)s] is certainly of
nonmagnetic origin and originates in the
order-disorder phenomenon due to various

configurational changes in the butyl chains
of the organic cation and is interpreted in
terms of a proposed model. Above 217K
the butyl moieties of the cation execute
large thermal motions, while the anionic
metal-oxalate layers oscillate as a whole,
thus leading to the thermal disorder in
NBuy [Fe" Fe® (0x)s]. Further
studies are presently going on with its dif-

systematic

ferent structural analogs.
(Ashis Bhattacharjee)
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