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We report the genuine-organic magnetic conductor includ-
ing organic free radical as a part of a counter anion, �-
(BEDT-TTF)3(TEMPO–NHCOCH2SO3)2�6H2O, which con-
sists of the conducting layers of the BEDT-TTF cations arranged
in the �-packing mode and the magnetic layers of the TEMPO–
NHCOCH2SO3 anions with water molecules alternatively along
the c axis. In the magnetic layer, TEMPO groups gather to form a
1-D ferromagnetic network. The salt is semiconductive
(�RT ¼ 5:1��cm and Ea ¼ 0:050 eV) and its temperature-de-
pendent susceptibility obeys the 1-D ferromagnetic Heisenberg
model (C ¼ 0:380 emu/molK and J = +0.42K).

Numerous organic magnetic conductors, which include in-
organic transition metals as a magnetic source, have been pre-
pared. The goal is to discover new physical phenomena where
the interplay between the conduction � electrons and the local-
ized d spins plays a crucial role.1 Another source of localized
spins, stable organic free radicals has also been extensively used.
For example, charge-transfer (CT) salts of free radical substitut-
ed organocalcogen donors,2 CT complexes between free radicals
and acceptors,3 CT salts of free radical substituted cations and
acceptors,4 were previously reported. However, genuine-organic
magnetic CT salts of common organocalcogen donors such as
tetramethyltetraselenafulvalene (TMTSF) and bis(ethylenedi-
thio)tetrathiafulvalene (BEDT-TTF) are not available. This is
because of a lack of suitable anionic organic free-radical deriv-
ative components to form the CT salts. We have investigated the
preparation and characterization of free radical substituted
anions for use as the counter ion in CT salts. In our previous pa-
pers,5,6 we reported anions 1 and 2 and their tetrathiafulvalene
(TTF) salts obtained by metathesis of their tetraphenylphospho-
nium (PPh4) salts with (TTF)3(BF4)2. However, we could not
obtain other organocalcogen donor salts by electrocrystallization
because of electrochemical decomposition of the –NHSO3 and
–OSO3 parts of anions.6 Therefore, a more electrochemically
stable anion has been desired. In this paper, we report the struc-
tures and physical properties of a tetramethylpiperidine-1-oxyl
(TEMPO) based new anion, TEMPO–NHCOCH2SO3 (3) pre-

pared as a tetraphenylphosphonium (PPh4) salt and its electro-
chemically synthesized salt with BEDT-TTF (4), �-
(4)3(3)2�6H2O.

The acidic TEMPO–NHCOCH2SO3H was prepared by re-
acting 4-amino-TEMPO (1.0 g, 5.8mmol) with sulfoacetic acid
(HOOCCH2SO3H) (1.0 g, 7.0mmol) in the presence of dicyclo-
hexylcarbodiimide (DCC, 2.9 g, 14.0mmol) and dimethylami-
nopyridine (DMAP, 0.9 g, 7.0mmol) in 30mL of CH2Cl2 at
room temperature with stirring overnight. Exchange of the coun-
ter cation with PPh4�Br gave the PPh4 salt of 3, as orange block-
like crystals, recrystallized from acetone (yield 58%). X-ray dif-
fraction data were collected on a Rigaku AFC-5R 4-circle dif-
fractometer at room temperature.7 In the crystal, one PPh4 cation
and an anion of 3 are independent. The observed N–O distance
of 1.288(3) �A is within the range of those of reported neutral
TEMPO radicals (1.27–1.30 �A).8 The magnetic susceptibility
of a polycrystalline sample from 2–300K using a Quantum De-
sign MPMS-5S SQUID magnetometer has a Curie-like behavior
with C ¼ 0:373 emumol�1 K�1.

Crystals of �-(4)3(3)2�6H2O were obtained by the control-
led-current electrocrystallization method9 in PhCl (15mL) with
15mg of 4 and 70mg of PPh4�3. Poorer quality crystals were al-
so obtained by the conventional constant-current method (0.2–
0.3mA) in PhCl. Single-crystal X-ray diffraction data were re-
corded using a Quantum CCD area detector on a Rigaku AFC-
7R diffractometer at room temperature.10 The crystal structure
of the salt is shown in Figure 1. In the asymmetric unit, there
are one (A) and a half (B) cations, one anion, and three water
molecules (Figure 1). The donor forms a trimer (A–B–A0) about
a center of symmetry without lateral shifts. It stacks along the a
axis with a lateral shift of ca. 2.8 �A along the molecular long ax-
is. In the stack, the mean intratrimer (A–B) and intertrimer (A–
A0) plane–plane distances are 3.74 and 3.71 �A, respectively
(Figure 2). Furthermore, the stack interacts with each other along
the b axis (side-by-side direction), giving the �-type 2-D con-
ducting sheet. The central C=C bond lengths of molecules A
and B are similar, 1.360(4) and 1.372(6) �A, respectively, which
indicates each cation has the almost same charge, the average

Figure 1. Crystal structure of �-(4)3(3)2�6H2O.
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charge of þ2=3 on each BEDT-TTF molecule. Therefore, there
is no significant charge separation in the salt. However, an aver-
age charge of þ2 per trimer suggests that the salt is a band insu-
lator. Actually, the electrical resistivity, as measurement down to
liquid nitrogen temperature, shows semiconductive behavior
with �RT ¼ 5:1��cm and Ea ¼ 0:050 eV.

The magnetic layer includes three independent water mole-
cules, which form a 1-D hydrogen-bond chain along the a axis
and the chain has many hydrogen bonds to the other oxygen
atoms apart from the oxygen atom of the spin center (O5). O5
interacts with the N1 (2.865(4) �A) and C20 (3.383(4) �A) of the
nearest TEMPO to form a 1-D magnetic network along the b axis
(Figure 3). According to the McConnell’s theory,11 both contacts
can mediate the ferromagnetic interaction. The SQUID measure-
ment of the salt was performed from 2 to 300K. The tempera-
ture-dependent magnetic susceptibility is well explained by the
1-D ferromagnetic Heisenberg model with C ¼ 0:380 emu/
molK and J = +0.42K (Figure 4). The C value indicates the
presence of one spin per the asymmetric unit, which appears
to be located on the TEMPO moiety because usually there is
no spin on the divalent trimer of BEDT-TTF. Furthermore, the
donor layer plays no significant part in the magnetic interaction
because there are no short contacts between BEDT-TTF and
TEMPO. In addition, the N–O distance of the TEMPO part is
1.284(3) �A, within the range for neutral TEMPO derivatives
(1.27–1.30 �A),8 indicating no oxidation from TEMPO part of 1
in the title salt.

In conclusion we have found a new type of BEDT-TTF-
based charge transfer salt that includes the organic magnetic
anion, TEMPO–NHCOCH2SO3. The salt is a semiconductor
with a rather low room temperature resistivity (�RT ¼ 5:1��cm)
and shows a 1-D Heisenberg-like behavior with a weak ferro-
magnetic interaction (J ¼ þ0:42K). Since the salt was obtained

by electrocrystallization without decomposition of the anion, the
formation of CT salts with other organocalcogen donors is ex-
pected to be successful and is now in progress.
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Figure 2. Packing arrangement of 4 in �-(4)3(3)2�6H2O. Dashed
lines indicate S� � �S contacts shorter than the sum of the van der
Waals distances (<3:70 �A).

Figure 3. Magnetic networks in the anion layer of �-
(4)3(3)2�6H2O. Dashed lines indicate short contacts within 3.6 �A
from O5.
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Figure 4. �T–T plots for the �-(4)3(3)2�6H2O salt where � is the
magnetic susceptibility per the asymmetric unit [(4)1:5(3)�3H2O].
Dashed line is calculated on the basis of a 1-D Heisenberg expres-
sion.
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