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FERRO- AND ANTIFERROMAGNETIC BEHAVIORS OF STABLE

FREE RADICAL CRYSTALS OF N-(ARYLTHIO)-2,4,6-
TRIARYLPHENYLAMINYLS

YOSHIO TEKI,a.b) YUKO TAJIMA,a) KOICHI ITOH,2) SADAHARU
UENO,€) YUICHI KITAGISHI,C) YOZO MIURAS)

@) pepartment of Material Science, Faculty of Science,
Osaka City University, Sugimoto, Sumiyoshi-ku, Osaka
558, JAPAN, b) 1nstitute for Molecular Science,
Myodaijicyou, Okazaki 444, JAPAN, C)pepartment of
Applied Chemistry, Faculty of Engineering, Osaka City
University, Sugimoto, Sumiyoshi-ku, Osaka 558, JAPAN

Abstract As promising candidates for organic molecule-
based ferromagnets, we have investigated several stable
thioaminyl radicals in the solid states. In addition to
N-[(2,4-dichlorophenyl)thio)-2,4,6-tris(3-chlorophenyl) -
phenylaminyl (1) which we have already reported (Mol.
Cryst. Lig. Cryst., in press (1995)), other thiocaminyl
radical crystal showing ferromagnetic behaviors have
been found. Thus, N-[(2,4-dichloro-phenyl)thio]-2,4,6-
tris(4-chlorophenyl)phenylaminyl (2) radical shows one-
dimensional ferromagnetic behavior. The magnetic
behavior has been well interpreted in terms of the one-
dimensional Heisenberg model with ferromagnetic
intermolecular interactions of J/k = 14.0 K. 1In
contrast, N-[(2,4-dichlorophenyl)thio]l-2,4,6-tris(4-
chlorophenyl) -phenylaminyl (3) shows antiferromagnetic
behavior described by an alternating linear chain model

with J/k = -8.4 K and oa=0.55.

INTRODUCTION

Organic free radicals and their intermolecular magnetic
interactions in the solid states have widely been
investigated in the field of the molecular magnetism.
Almost of such studies, however, have been limited to stable
nitroxide and nitronyl nitroxide free radicals in which the
unpaired electron is localized in the N-O function. Some of
the nitroxide and nitronyl nitroxide radicals show bulk
ferromagnetic transitions at very low temperat:ures;l'S e.g.
2-(4-nitrophenyl)nitronyl nitroxide has a Curie temperature
(Tc) of 0.60 K. As a result of their localization of the
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unpaired electron, the intermolecular interactions are small
in magnitude. Only 3-(4-chloro-phenyl)-1,5-dimethyl-6-
thiocoxoverdazil radical crystals have been recently reported
as an example of a ferromagnetic free radical with a
delocalized spin structure.®

As part of our program directed toward purely organic
molecule-based magnetism we have studied a new class of
stable free radicals, N-{aryltho)-2,4,6-triarylphenyl-
aminyl.’+® These stable radicals have the delocalized spin
structures. The unpaired electron in a singly occupied
molecular orbital (SOMO) is extensively delocalized over the
whole molecule; ~40% of the unpaired spin is on the
nitrogen and ~20% is on the sulfur, the residual spin being
delocalized onto the five phenyl ring via m-conjugation.
This extensive delocalization of the unpaired spin is
characteristic of this radical, being in contrast to
nitroxide and nitronyl nitroxide radicals reported so far.
We have already reported that N-{(2,4-dichlorophenyl)thio]-
2,4,6-tris(3-chlorophenyl)phenylaminyl (1) shows ferro-
magnetic intermolecular interaction.? The temperature
dependence of the magnetic susceptibility was interpreted
well in terms of the one-dimensional Heisenberg model with
J/k = +5.7 K. Recently, we have found that N-[(2,4-
dichlorophenyl)thio]l-2,4,6-tris(4-chloro-phenyl)phenylaminyl
radical crystal (2) also shows ferromagneg%c behavior. . In
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contrast to these two radicals, N-[(2,4-dichlorophenyl)-
thio]-2,4,6-tris(phenyl)phenylaminyl (3) radical crystal has
shown antiferromagnetic behavior. In this paper, we report
on their magnetic behaviors.

EXPERIMENTAL

Magnetic 8Susceptibllity Measurements

We have already reported the preparation of stable free
radical 1. The free radicals, 2 and 3, were also synthesized
by the similar procedures. The radical samples used for the
magnetic studies were carefully purified by repeated
recrystallization from hexane and dried for 5 h in wvacuum.
For the magnetic susceptibility measurements polycrystalline
samples were used.

RESULTS AND DISCUSSION

Only a brief summary of the results on 1 is given here
because the magnetic behavior has been already reported.?-
The temperature dependence of the molar susceptibility
(xmol) of the polycrystalline sample of 1 is well
interpreted by a regular one-dimensional Heisenberg model
with ferromagnetic intermolecular interaction of J/k = 5.7
K. However, the crystal structure is still unknown because
the suitable size of the crystal is not obtained. Hereafter,
we describe the magnetic behaviors of 2 and 3 in this paper.

(i) N-[(2,4-dichlorophenyl)thio]l-2,4,6-tris(4-chlorophenyl) -
phenylaminyl (2)

Figure 1 shows the temperature dependence of YmolT values of

the polycrystalline sample of 2. Aall of the

susceptibility data have been corrected for the

diamagnetic contribution estimated from the Pascal's sum

rule. The reciprocal susceptibility is also shown in figure
1. The Ymo1T values begin to increase around 50 K and
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FIGURE 1. Temperature dependence of yYmo1T of N-[(2,4-4di-
chlorophenyl)thio])-2,4,6-tris(4-chlorophenyl)phenylaminyl, 2

sharply increase at a temperature lower than 10 K. This
magnetic behavior exhibits that the magnetic interactions
among the radicals are ferromagnetic in the crystals. Oon
the other hand, the ¥mo1T value (0.41 - 0.42 emu K mol-l)

in the high temperature region of 200 - 300 K is close to
the theoretical value (0.376 emu K mol-l) for the
noninteracting § = 1/2 spin system of free electron with g
value (2.0054), indicating that the spin concentration of 2
is ~100%. The difference between the observed values 0.41-
0.42 at 200 - 300 X and 0.376 of the free spin value is
attributable to the influence of the ferromagnetic
intermolecular interaction remaining even at the high-
temperature region. Thus, even at 200-300 K, the spins
interact with each other in this crystal. The reciprocal
susceptibility is also shown in Fig. 1 as an inset. The
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solid curves in both figures were theoretically calculated
on the basis of the high-temperature series expansion for

the magnetic susceptibility of the one-dimensional regular

Heisenberg model which is given by 10

2,2
Kmol = f!glgi_ X
4kT

1.045.797992X+16.90265X2+29.37689X°+29.83296X*+14.03692X°
1.0+42.798992X+7.00868X%+8.053864X°+4.574311X*

(1)
where X= J/2kT and N is the Avogadro number. The
intermolecular exchange interaction (J/k) is ferromagnetic
and its best fit value has been obtained as +14.0 K using
the experimental data below 100 K. The magnitude of the
ferromagnetic intermolecular interaction is large compared
with other pure organic ferromagnetic molecular crystals. In
this calculation we used the Curie constant (C=Ng2
#BZS(5+1)/3kT ) of 0.376 emu K mol-l which was obtained
using g = 2.0054 as determined from the ESR signal at room
temperature. The fit between the observed and calculated
values is quite well. It is, therefore, concluded that the
magnetic behavior of this material can be explained by an
ideal one-dimensional Heisenberg ferromagnet with an
isotropic J value. The external magnetic field dependence
of the magnetization (Mpoy;) measured at 1.7 - 10 K is shown

in Fig. 2. The solid curves represent the magnetization
Mno1(M) = N ug B(M)/n (2)

which is calculated for § = 2 - 10 states constructed by S =
1/2 species, where B(M) 1is the simple Brillouin function

with M =glupH;/kT without the correction of the molecular
field (AM) arising from the short-range orderingl? and n is
the number of spins used to construct a magnetic cluster
with a spin quantum number S. Therefore, n is equal to 28

and the saturation magnetization of all curves reaches a
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constant value of ca. 5580 emu G mol-! in the high
field/temperature region. It is also obvious from Figure 2
that the magnetization grows slowly and the slopes of the
curves in the low-field region become steeper with
decreasing temperature. The experimental data in the low

field/tempera- 6000 ~

. . 2K
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progress. FIGURE 2. The magnetization isotherms

for 2 at 2.0, 4.0 and 6.0 K.

(ii) N-[(2,4-dichlorophenyl)thio]-2,4,6-triphenylphenyl-
aminyl (2)

Figure 3(a) and 3(b) show the temperature dependence of ¥mol
and a plot of YmolT vs.T of the radical 3, respectively. As
shown in Figure 3(b), the intermolecular interaction in this
crystal is antiferromagnetic in contrast to 1 and 2. The
least-square fitting analysis was carried out using the data
lower than 100 K. The temperature dependence was well
interpreted in terms of the following alternating linear-
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chain model with J/k = -8.4 K (antiferromagnetic) and an
alternating parameter, o = 0.55.

H= -2Z{S2 Szt + S8 3)
1

The solid curves in both figures were theoretically
calculated on the basis of the high-temperature series
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FIGURE 3. Temperature dependence of Ymol and XmolT of 3.

(a) Xmol vs. T, (b) XmolT vs. T

expansion.ll The X-ray structural analysis was succeessful
only for this material 3. Although the crystal structural
data are unknown for radicals 1 and 2, the origin of the
change o0of the sign of the intermolecular magnetic
interaction might be due to their crystal structures.

CONCLUSIONS

A new example of the ferromagnetic molecular crystal of a
stable thiocaminyl radical with the delocalized unpaired =



Downloaded by [Tomsk State University of Control Systems and Radio] at 10:38 18 February 2013

308/[1018] Y. TEKI et al.

electron in the molecule has been obtained. Thus, the
molecular crystals of 1 and 2 show ferromagnetic
intermolecular interaction. The magnitude of their FM
interaction is fairly large. We can, therefore, conclude
that thioaminyl radicals are one of the promising candidates
for organic molecule-based ferromagnets.
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