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Using ab initio methods, we study transport and thermoelectric phenomena of magnetic organic chains func-
tionalized with nitroxide groups. We predict very good thermoelectric performance of the structure, as the con-
ventional and spin Seebeck coefficients are remarkably enhanced. Our results suggest that magnetic organic chains
would have a great potential for applications in spintronic devices.
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1.Introduction

Spin Seebeck effect, which is a spin analog of the
well-known Seebeck effect, can be observed in magnetic
nanostructures and corresponds to heat conversion into
spin voltage ∆Vs. Quantitatively the effect is described
by the spin Seebeck coefficient Ss � �∆Vs{∆T , giving
the spin voltage generated due to temperature gradient
∆T . The phenomenon results from the interplay be-
tween charge, heat and spin transport and was observed
in thin films, magnetic tunnel junctions and nanostruc-
tures [1–4]. Considerable values of Ss were predicted
in specially designed one-dimensional graphene-like sys-
tems, or functionalized carbon structures [5] as well as in
quantum dots [6].

In the present paper we study spin effects in electron
transport and spin thermoelectric phenomena of mag-
netic one-dimensional organic structures functionalized
with radical nitroxide groups and demonstrate that the
systems are half-metallic ferromagnets and can act as
perfect spin filters as well as efficient generators of spin
voltage. A variety of molecules and polymers with radi-
cal groups are known in organic chemistry. It was shown
that the systems are stable and exhibit non-zero magnetic
moment. High spin states of molecules and polymers re-
sult from ferromagnetic exchange coupling between un-
paired electrons [7–10]. Thereby, such structures can be
important in view of potential application in molecular
electronics and spintronic devices [11].

2. Electronic, transport and thermoelectric
properties

We consider several types of organic one-dimensional
structures functionalized with radical nitroxide groups
which are placed in different positions as presented in
Fig. 1. The appropriate structures are denoted as I,
II, III and IV, respectively. First, we investigate the
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Fig. 1. Geometry of the structures — I (a), II (b),
III (c) and IV (d).

band properties of the systems. Calculations were per-
formed within density functional theory (DFT) with use
of Siesta code [12, 13] and the atomic double-polarized
basis (DZP) was applied. General gradient approxi-
mation (GGA) and PBE parameterization was used for
exchange-correlation functional [14]. The structures un-
der consideration were optimized until atomic forces con-
verged to 0.02 eV/A. Numerical calculations show that
all the structures I–IV exhibit ferromagnetic ordering.
Moreover, the systems are semiconductors with the en-
ergy gap close to 1 eV. The bands are strongly spin-
polarized, especially the ones in the vicinity of the Fermi
level, which are related to NO groups. The band struc-
ture of the system I is relatively simple with narrow spin-
polarized bands just below and above the Fermi level (see
our previous work [15]). These narrow bands are sepa-
rated by the two wide gaps from the groups of low and
high-lying states. In the case of structures II, III and IV
appear additional, fully spin-polarized narrow bands ly-
ing in the gaps between -1 eV and –2 eV, and also between
1 eV and 2 eV. We present two examples of the band
structure features obtained for systems II and III (Fig. 2a
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Fig. 2. Band structure and spin-resolved transmission
function TσpEq of the radical chains of types II and III.
The energy is measured here from the Fermi energy EF

of the corresponding electrically neutral system.

and 2c, respectively). The two wide gaps near �1 eV can
be well seen for structure II (Fig. 2a), whereas the ap-
pearance of additional narrow spin-polarized bands in the
gaps is well demonstrated in Fig. 2c for structure III

The spin-resolved energy-dependent transmission func-
tion TσpEq is also presented for structures II and III,
Fig. 2b and 2d, respectively. The transmission was de-
termined within non-equilibrium Green function method
(NEGF) as implemented in Transiesta code [14]. Ac-
cording to Fig. 2b and 2d it can be seen that flat spin-
polarized bands lead to very narrow peaks in transmis-
sion function separated by the gaps. The number of these
peaks increases in systems from I to IV.

To study transport properties we assume that a given
carbon chain is attached to semi-infinite electrodes made
from the same material. Transport is investigated in the
linear response regime. Then, the spin-dependent elec-
trical conductance is equal to: Gσ � e2L0σ, whereas the
spin Seebeck coefficient Ss, determined under the condi-
tion of vanishing charge and spin currents, is given by
the following formula:

Ss � �
1

2|e|T
pL1Ò{L0Ò � L1Ó{L0Óq. (1)

In the above expressions Lnσ � � 1
h

³
dETσpEqpE �

µqn Bf
BE with n � 0, 1 and fpE � µq is the Fermi-Dirac

distribution function corresponding to the chemical po-
tential µ measured with respect to Fermi energy, and
temperature T equal in both electrodes.

First, we discuss the electrical conductance G � GÒ �
GÓ in dependence on the chemical potential µ, which
could be tuned with use of gate voltage. The results
obtained for structures I–IV are presented in Fig. 3 for
temperatures T � 300 K and T � 200 K (inset).

Fig. 3. Total electrical conductance for T � 300 K (in
the inset shown for T � 200 K) of radical chains.

For each type of the structure two well-defined peaks
can be observed in the conductance, one lying in the re-
gion of negative and one for positive values of chemical
potential. The height and the width of the peaks strongly
depend on temperature, the conductance is suppressed
when the temperature is increasing, what is the well-
known result. However, the conductance also strongly
depends on the structure type. When the structure is
changed from the type I to IV, the conductance is con-
siderable lowered and moreover, the peak shift as well
as the narrowing can be observed, especially for negative
values of µ. Such changes in the conductance are directly
related to changes in the band structure near the Fermi
level of the discussed chains. It is also important that
peaks appearing in the conductance are fully spin polar-
ized and correspond to spin up for µ   0 and to spin down
for positive values of µ. Accordingly, the spin polariza-
tion P �

GÒ�GÓ

GÒ�GÓ
is equal to +1 or -1 for negative and

positive values of chemical potential, respectively. Ac-
cordingly, each of the systems can act as a perfect spin
filter.

The spin Seebeck coefficient Ss calculated in a function
of chemical potential is presented in Fig. 4.

Different curves correspond to four different types of
the structures from Fig. 1. The results strongly de-
pend of the type of the chain. At elevated temperatures
(T � 300 K) contributions coming from both edges of
energy gap overlap due to the considerable broadening of
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Fig. 4. Spin Seebeck coefficient Ss for T � 300 K of
radical chains (a), G and |Ss| vs µ for T � 300 K of
structure III (b).

the Fermi-Dirac function and lead to a wide central max-
imum in Ss (see also Ref. [15]). In this region of chemical
potential the spin Seebeck coefficient rather weakly de-
pends on the type of structure. However, for higher val-
ues of |µ| this dependence is strong. Namely, in the case
of structures I and II Seebeck coefficient changes rather
slowly with µ and it remains low in a wide region of |µ|
values greater than 0.4 eV. Quite different behavior can
be observed for chains of III and IV types. The very
rapid changes appear in Ss for |µ| smaller, but close to
0.4 eV. The Seebeck coefficient rapidly decreases, changes
the sign and at first |Ss| rapidly increases and then, it
remains practically constant in the wide region of chem-
ical potential. It is a consequence of the band structure
with a number of very flat spin polarized bands leading
to narrow peaks in transmission separated by narrow en-
ergy gaps (Fig. 2d), which can not be well resolved at
elevated temperatures because of broadening of Fermi-
Dirac distribution function. Accordingly, |Ss| is strongly
enhanced for different values of chemical potential below
and above the Fermi level. It is suppressed only in a
very narrow region of |µ|. Moreover, according to Fig.
4b one can see that in the structure of type III there are
regions of chemical potential where both spin polarized
conductance and spin Seebeck coefficient simultaneously
assume high values leading to considerable enhancement
of spin power factor, which strongly enhances thermo-
electric spin efficiency.

3. Conclusions

One can see that due to a special type of functionaliza-
tion of one-dimensional carbon structure with NO groups
an engineering of the band structure can be achieved
which results in a considerable enhancement of spin See-
beck coefficient in a very wide region of chemical poten-
tial, and what is more important the electrical conduc-
tance exhibits high peaks in these regions of µ. Such an
behavior is crucial in view of potential applications in
spintonic devices because the systems could act an effi-
cient generators of spin voltage.
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