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Ac susceptibility (xac) and dc magnetization (Mqc) of the organometal-
lic magnet Na[FeOg(C10HsN)s] have been studied in temperature range of
4.2-200 K, in an external magnetic field up to 16 kOe. Some peculiarities of
the xac and Mgy behavior, which are characteristic of spin-glasses, e.g. cusps
in the susceptibility and zero-field-cooled magnetization, an irrrversibility be-
tween the field-cooled and zero-field-cooled magnetization and dependences
of the Ttysp temperature on the frequency and the intensity of the magnetic
field, were observed at low temperatures.

PACS numbers: 75.30.Kz, 75.40.Cx

1. Introduction

The problem of the macroscopic magnetism in organic materials is a rather
complex but perspective scientific problem [1]. One way to solve this problem is
to dope the organic matrix with magnetic transition metal ions (organometallic
magnets). Some of organometallic-based magnets have the Curie temperature close
to room temperature [2, 3].

Investigations of magnetic properties of new metal-organic materials should
favor the understanding of nature of magnetism in organic magnets.

In this paper the magnetic behavior of new organometallic magnet
Na[FeOg(C19HgN)3] has been studied over a temperature range of 4.2-200 K and
in an external magnetic field up to 16 kOe. Preliminary results of investigations
of dc magnetization (Mgc) and ac susceptibility (xac) show that this insulating
organometallic compound exhibits features of My and xac, which are character-
istic of a spin-glass system.

2. Experimental
The nitrozo-B-naphthol with iron (II) complex Na[FeOg(C1oHsgN)s] was
synthesized by a procedure described in Ref. [4]. A molecular structure of
Na[FeOg(C19HgN)3] compound studied is shown in Fig. 1. In this compound the
Fe ion is surrounded by six oxygen atoms belonging to three molecules of organic
ligand.
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Fig. 1. Structure of the Na[FeOg(C10HgN)3] complex.
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According to data of the X-ray powder diffraction measured at room temper-
ature (CuK,-radiation) the crystal structure of the complex studied is monoclinic
with the spatial group P2;. The lattice parameters are: a = 11.157 A; b = 8.76 &;
¢ = 6.203 A. The monoclinic angle is § = 92.4°.

Magnetization, M(T'), measurements were performed using a VSM in the
temperature range of 4.2-200 K. The zero-field-cooled (ZFC) arid field-cooled (FC)
magnetization was measured in magnetic flelds from 0.1 up to 10 kOe. Real and
imaginary parts of the ac susceptibility were measured using a mutual induction
method with an excitation field h,e = 5.0 Oe over the temperature range of
4.2-140 K. The frequency, f, was varied in the range 95 Hz< f < 2000 Hz. The
magnetic measurements were carried out on pressed powder pellets of cylindrical
shape (d = 3 mm, [ = 6 mm).

3. Results and discussion

Figure 2 presents the temperature dependences of the ac magnetic suscepti-
bility, x(T"), measured at different magnetic field strengths H = 0, 0.5, and 5 kQe.
The x(T') curve measured at H = 0 shows a cusp at Ty a~ 17 K. As it is seen
in Fig. 2, the value of susceptibility decreases sharply and the cusp in the x(7T)
susceptibility becomes more rounded and disappears with increasing field strength.
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Fig. 2. Temperature dependence of the ac magnetic susceptibility at different magnetic
field strengths: H = 0, 0.5, and 5 kOe. Inset: Temperature dependence of the inverse
magnetic susceptibility for H = 0.
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The inset to Fig. 2 shows the inverse susceptibility as a function of temper-
ature. In the temperature range between 25 and 80 K the x(7) dependence can
be expressed by the Curie-Weiss law with a negative (antiferromagnetic) Weiss
constant of farpm = —2.4 K and the Curie constant C = 0.46 emu K/mol. It gives
the effective moment meg equal to 1.9mp that is less than the magnetic moment
of the Fe?t ion. The latter is presumably due to the presence of superparamagetic
particles in this complex.

The ac susceptibility as a function of temperature measured for different
frequencies f = 952000 Hz shows that a maximum of x(7") dependence decreases
and shifts to higher temperatures with increasing frequencies (Fig. 3). For analysis
of Teusp(f) we have used the theoretical dependence Ty = Tc[1 + ('rgf)l/“’] and
the relative variation of Ty per decade of frequency K = (AT} /Ty)/[Alog(f)].
Both the dynamic exponent (zv = 4) and K (K = 0.09) values are close to those
reported for spin glasses [5].

These peculiarities of ac susceptibility versus the frequency and magnetic
field are similar to those observed for ordinary spin-glass (SG) systems.

The cusp-like anomaly in the temperature dependence of Mzpc of this sys-
tem is also characteristic of SG systems. The FC magnetization increases with
decreasing temperature showing no maximum. A large and clear irreversibility,
seen in difference, between ZFC and FC magnetization is demonstrated in Fig. 4.
Both cusp and irreversibility reflect a nonequilibrium character of thermodynamic
behavior of the magnetic system.

The large difference between Mpc and Mzpc below irreversibility tempera-
ture and the presence of frequency-dependent peak of x(7") indicate the absence
of magnetic long-range order in this compound up to 4.2 K. The magnetization of
the Na[FeOg(C1oHgN)3] complex as a function of magnetic field does not reach its
saturation value up to 16 kOe at 4.2 K.
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Fig. 3. Frequency dependences of Teusp temperature of ac susceptibility.



866 V.P. Dyakonov et al.

0.10 F 3
M C I'c
emu/g o . 7FC
oot %
B
No
0.06 ; *©
. L -3
[ ]
Py
004 | LS
IG/O
© o P
0.02 s € .
L ] e o -
0.00 L L L L .
0 50 100 150 200 T.K

Fig. 4. Zero-field-cooled and field-cooled magnetization in a field of 0.1 kOe.

Thus, both types of magnetic measurements, ac susceptibility and dc mag-
netization, strongly support a disordered spin state, namely, a spin-glass-like one
in the system studied.

It should be noted that the peculiarities of the xac and Mg behavior ob-
served in the organometallic magnet Na[FeOg(C19HsN)3] may also occur in sys-
tems other than spin-glass, such as superparamagnetic clusters. Therefore, the
additional measurements will be required for further understanding of magnetic
behavior in this system.

4. Conclusion

The experimental results and its analysis show that some peculiarities of
the ac susceptibility and dc magnetization behavior in the organometallic magnet
Na[FeOg(C10HsN)s] observed at low temperatures and in an external magnetic
field, e.g. cusps in the susceptibility and ZFC magnetization, an irreversibility
between the FC and ZFC magnetization and dependences of the Trysp temperature
on the frequency and the intensity of the magnetic field, are characteristic of
spin-glasses systems [5].
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