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Abstract: [Ni;O(TBPLA)(H,0)](C10,4),(H,0)s [TBPLA=(S)-1,1",1"-2,4,6-trimethylbenzene-1,3,5-triyl)-tris(methylene)

-tris-(pyrrolidine-2-carboxylate)] was found to possibly display multiferroic property

(the coexistence of

ferroelectricity and ferromagnetism). The magnetic property of this compound was studied and no magnetic

hysteresis loop was found probably due to an intrinsic fluctuation for the magnetic exchange energy.
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A homochiral trinuclear nickel(Il) complex, [Ni;O
(TBPLA)(H0)](Cl0,)4(H,0)s (1) where TBPLA=(S)-1,1
1”7 -2,4,6-trimethyl-benzene-1,3,5-triyl-tris (methylene)-
tris-(pyrrolidine-2-carboxylate) was synthesized, and its
crystal structure, dielectric anisotropy as well as
ferroelectricity were determined in our previous work!'L

As a continuation of the work, its possible
multiferroic property was studied in this work, we report
here magnetic property characterization in detail since
the coexistence of ferroelectricity and ferromagnetism is

current interest in material sciencel.
1 Results and discussion

Fig.1 shows that a broad maximum peak is observ-

ed at T=18 K. The ferromagnetic coupling between
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three Ni(Il) sites  (S=1) is observed in the temperatures
from 70 to 20 K due to slight increase of y,,T" values.
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Fig.1 M-T behavior at a magnetic filed of 1 T

Interestingly, Fig.2 shows that four sharp signals
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are the Mn marker, and a central broad signal SR UL IR LRI L B
corresponds to Ni(Il). The g value and line-width (AH) r=298K
of the Ni(Il) signal are 2.003 31 and 1.326 mT, respec- 1000

tively. From the g value, the calculated x,.T" value for
one S=1 of Ni(I) is 1 emu -K -mol ™. Therefore, the
X T'~2.7 emu -K +mol™ in the temperatures from 70 to
350 K is almost consistent with three S=1 spins. Three
S=1 spins in the Ni; triangle follow the Curie-Weiss law
in high temperature range.

Since the ferromagnetic coupling was observed at
the x,al vs T plots in the temperatures from 70 to 20 K,
we measured the M vs H plots at 2, 10, 20, 100, and
200 K in order to understand the low temperature
magnetic state (Fig.3). Although the linear M vs H plots
observed at 10, 20, 100, and 200 K, the nonlinear
behavior was confirmed at 2 K. The hysteresis
measurements at 2 K did not correspond to the
ferromagnetic ordering due to a lack of hysteresis loop

typically observed in the ferromagnetic state. Therefore,
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Fig.2 ESR measurement at 298 K (powder sample)

the low temperature magnetic state of Ni; triangle
complex did not show the ferromagnetic ordering, which
is consistent with the structural properties.

Thus, we could not explain the difference of
magnetic behavior between the filed cooling and zero-

field cooling temperature dependence (Fig.4) at present.
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Fig.3 M-H curves (a) M, value of one S=1 spin was saturated to ca 12000 emu-Oe-mol™. Since the M vs H plots at

2 K shows an inflection point at around 12000 emu-Oe-mol™, one S=1 spin is active at 2 K; (b) Other two

S=1 spins form a antiferromagnetic coupling (singlet) state; (¢) Magnitude of x,.,T" value in temperatures from 18

to 2 K show a saturation behavior from three S=1 ( y,a7=2.7 emu-K-mol™) to one S=1 ( ,uT=1.0 emu-K-mol™)
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Fig.4

(a) M-T curves of zero- and field-cooling (100 Oe); (b) M-T of AC susceptibility
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A distinct difference appears at ca 18 K, where three
S=1 spins change to one S=1. One possible explanation
is a spin fluctuation between three S =1 sites. The
triangle spin structure has an intrinsic fluctuation for
the magnetic exchange energy. This also has a
possibility of the effect of spin fluctuation, but the detail

is unclear at present.
2 Conclusion

The magnetic behavior of Ni;O triangle complex is
discussed from the point view of the crystal structure.
Within the complex, three Ni(Il) ions are interacted to

each other due to the short Ni-Ni distances. However,

nearest-neighboring Ni-Ni distance is far from the intra-
molecular distances, which yields impossible magnetic
interaction between the complexes. The inter-molecular
magnetic interactions between the Ni;O triangles are of
negligible magnitude, suggesting that the magnetic
properties of the salt are dominated by magnetic
exchange energy in the Ni;O triangle. The inter-
molecular interactions between the Ni;O tri-angle are
necessary for the ferromagnetic ordering to appear in
the crystal, which is inconsistent with the magnitude of

inter-molecular interaction. The magnetic behavior of

the salt should be explained by the Ni;O triangle only
(Fig.5 and 6).

d,=0.342 83(15) nm, d,=0.340 74(15) nm, d:=0.345 56(12) nm

Fig.5 Intra-molecular interaction Ni-Ni distance in Ni;O triangle

(a) High temperature curie of three S=1 spins

(b)low temperature one S=1 (up spin) and singlet (up and down spins)

Fig.6  Spin status
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