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There have been a number of investigations regard-
ing the magnetic properties of organic solids, especially
those of stable free radicals. In addition to the
measurement of the paramagnetic susceptibility, the
electron spin resonance (ESR) has been used in the
study of triplet states of aromatic molecules after the
first successful experiments by Hutchison and
Mangum?) and by van der Waals and de Groot.?)
A molecule in a triplet state has degenerate Zeeman
levels which are lifted even in the absence of an ex-
ternal magnetic field as a result of dipolar interaction
between the unpaired electrons. This dipolar split-
ting can be obtained in rigid glassy solvents or in
diamagnetic host crystals.

When one molecule with a single unpaired electron
interacts with another, the problem can be reduced
to a question of linear antiferromagnets. Soos a-
dopted the pseudospin method to deal with a linear
array of tightly bound electrons which are coupled
to their neighbors.® In this case, the Hamiltonian
can be described as follows:

H =3 {J(1+d)8;;— 185+ J(1—=d)S5:S5i 41}, (1)

Where d is an alternation parameter, and J, an ex-
change integral. Because of the interpair exchange
interaction, J(l1—d), the triplet states may propagate
along the linear chains. These mobile triplet states
are called “triplet excitons”. The magnetic suscepti-
bilities of (¢,AsCH;)*(TCNQ)~, and (¢;PCH,)*
(TCNQ)~, can be well explained if one assumes d~1
in Eq. (1}. Chesnut and Phillips first observed the
ESR spectra of these molecules characterized by fine
structure splittings.®) The dipolar interaction was
found by reducing the exchange interaction between
triplet excitons at lower temperatures.

The TEMPAD biradical, shown in Fig. 1, has two
unpaired electrons in a molecule and may be con-
sidered to have a dominant intramolecular spin inter-
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Fig. 1. Structural formula of TEMPAD biradical, bis-
(2,2,6,6-tetramethylpiperidine-4-azine)-1,1'-dioxyl.

action which forms the triplet state. The weak
exchange interaction between the triplet entities may
cause the triplet excitons to propagate in the crystal.
These facts are confirmed, to some extent, by the
magnetic susceptibility measurements.®’ The suscep-
tibility of the TEMPAD biradical is not completely
explained by the singlet-triplet model; a slight devia-
tion from the model was observed. It was found
that the triplet states in the radical are not actually
localized in lattice sites, but are a little mobile because
of the weak intertriplet interaction, which presumes
the existence of the J(l—d) interaction. However,
it has not yet been clarified whether the exchange
interaction which causes triplet states is the intra-
or inter-molecular interaction. On the other hand,
the fine structure arising from the dipole-dipole inter-
raction between electron spins may be observed when
the triplet entities are reduced by lowering the temper-
ature. Therefore, we observed the ESR spectra of
the TEMPAD biradical at a very low temperature in
order to confirm the existence of triplet states and
find a zero-field splitting.

The sample was prepared from 2,2,6,6-tetramethyl-
4-piperidone, following the same process as that of
Rassat et al.? After recrystallization from ether, a
pure sample, mp 182°C, was obtained.

The ESR absorption spectra were observed by
the use of a JES-SIOE type X-band spectrometer
with an 80-Hz field modulation. The details of the
experiments at very low temperatures will be described
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Fig. 2. Temperature dependence of the ESR absorption of
a powder of TEMPAD biradical.

elsewhere.® The ESR measurements were carried
out in powder samples. Fig. 2-a shows an exchange-
narrowed Lorentz-type absorption in the higher-
temperature region. When the temperature is
lowered, the side peaks (Figs. 2-b, ¢, and d) appear.
The newly-appeared doublet can be ascribed to the
dipole-dipole interaction between the unpaired elec-
trons. The spacing of the doublet resonances is
evaluated as 76.6 gauss. If one assumes a localized
spin density, the distance between the unpaired elec-
trons can be calculated from the relation:

gB{1/r3) = 38.3,
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Fig. 3. ESR spectrum of a crystal of TEMPAD biradical
diluted in the corresponding diamine for an arbitrary
orientation.

where g is a g-factor, f, a Bohr’s magneton, and <1/
73>, an average distance between the unpaired elec-
trons. 7~8 A is quite well in accord with the distance
between the unpaired electrons in a molecule, that
is, 7~9 A. On the other hand, the doublet splitting
is also found at room temperature in the TEMPAD
biradical diluted in the corresponding diamine.
Although the spectrum, shown in Fig. 3, has not yet
been completely analyzed, the dipole-dipole interac-
tion is 40 gauss in order of magnitude; this corre-
sponds to the intramolecular dipole-dipole interaction
between the unpaired electrons. Hence, the doublet
in Fig. 2 may be ascribed to the intramolecular dipole-
dipole interaction.

The triplet-state population at the temperature
where the doublet resonance starts to appear can
be calculated to be 5%, from this relation:

p = 1/[1+(1/3) exp (4/kT)],

where p is the density of the triplets, and A(4/k=
26.4°K®), the separation between lower singlet and
upper triplet states. This phenomenon is similar to
the cases of (¢;AsCH,)*(TCNQ),~ and (¢,PCHj)"*-
(TCNQ),~, which also exhibit dipole-dipole interaction
at a triplet density of ©~0.04. Therefore, we may
conclude that the dipole-dipole interaction can be
observed by decreasing the exchange interactions
between triplet entities in the solid state and that
it can be ascribed to the intramo'ecular interaction
between the unpaired electrons in a molecule.






