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Charge and spin-dependent thermal efficiency of polythiophene
molecular junction in presence of dephasing
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The charge and spin-dependent thermoelectric properties of different lengths of polythiophene in a molecular junction
are investigated using the Biittiker probe method within Green function formalism in linear response regime. The coupling
of the molecular chain to three-dimensional ferromagnetic electrodes is described by a tight-binding model for both parallel
and antiparallel spin configurations. The decrease of height of transmission probability peaks and thermoelectric coeffi-
cients are observed in the presence of the Biittiker probes. The reduction is more intensive in the strong dephased chains.
Results show that the spin magnetothermopower is bigger than the charge magnetothermopower due to the larger differ-
ence between the spin thermopowers with respect to the charge ones. In addition, we observed that the kind of carriers
participating in the thermoelectric transport depends on the number of the thiophene rings.
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1. Introduction

The dephasing process in molecular systems is an in-
teresting phenomena that has attracted the attention of re-
searchers. Dephasing in real systems can be made of electron—
phonon interaction, defects, impurities, etc., which destroy the
phase of electrons in the transport mechanism.!'">] A well-
known way to take into account the dephasing process or in-
elastic scattering in nanosystems is to use additional Biittiker
probes.[%! D’Amato and Pastawski studied the conductance
in a disordered linear chain.!”! The chain length was consid-
ered to be finite and incoherent scattering processes on a tight-
binding (TB) model were studied using Biittiker probe model.

Study of charge and spin-dependent thermoelectric prop-
erties has become a popular topic in recent years for conver-
sion of induced thermal energy to electric energy.®* The ther-
mal efficiency depends on dimensionless quantity as a figure
of merit, ZT = S>G.T/x which is a function of thermopower
(S), operating temperature (7'), electrical and thermal conduc-
tances, G and k. The efficiency of the thermoelectric nanode-
vices to convert a temperature gradient into spin voltage can be
determined by spin figure of merit, Z;T = |S?G,T /x| where,
T is the operating temperature. G5 and k are spin and thermal
conductances, respectively. Ss denotes spin thermopower that

0] Because

is obtained in absence of charge and spin currents.
of the probability of the negative value for G, the Z;T takes an
absolute value. The molecular devices can have the ZT higher
than unity denoting they can work as a good thermoelectric
device.!!!]

Because of the unique properties of m-conjugated
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polymers like HOMO-LUMO (highest occupied molecular
orbital-lowest unoccupied molecular orbital) gap, spin—orbit
coupling, high carrier mobility, low conductivity and easy

8,12-14] they are mainly considered for thermoelec-

synthesis, !
tric studies.!'>!%1 One of the famous polymers is polythio-
phene (PT) with thiophene rings which are in antiposition
structure. The stable state of this polymer and maximum con-
ductance are occurred in a flat geometry of the thiophene rings
because of the lower HOMO-LUMO gap than twisted one.!!”!
Also, the electrical conductivity of PT can be increased by n-
doping and p-doping agents.['8] Therefore, PT has been se-
lected as a good choice for molecular investigations.!!%->!) The
length dependent study of thermoelectric properties has been
attracted considerable attention from researchers. 2223

Datta et al.’?*! studied a simple phenomenological ap-
proach to regard dephasing process in quantum transport mod-
els using Green function formalism. They introduced two
specific self-energies: one for momentum conservation and
They found that the

first case affects phase relaxation length but the second one

the other for momentum relaxation.

affects both phase and momentum relaxation lengths. The
multi-terminal electron transport was studied through a single
phenalenyl molecule!>! using TB model and Green function
formalism. It was observed that the electron transport depends
on molecule—electrodes interface geometry, the presence of
other electrodes, and the strength of molecular coupling to the
side connected electrodes.

In the present work, we study the effect of dephasing
on the charge and spin thermoelectric properties of different
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lengths of PT molecule coupled to the three dimensional fer-
romagnetic (FM) electrodes using Green function formalism
in linear response regime, which has not been reported so
far. The outline of this paper is as follows: in Section 2, we
describe our theoretical method using Su—Schrieffer—Heeger
(SSH) model?®! for Hamiltonian of the PT molecule and TB
model for electrode—PT coupling. We account for the dephas-
ing effect in our calculation by Biittiker probe method and
D’Amato calculations.!”! Our numerical results are presented
in Section 3. Finally a brief conclusion is given at the end of
the paper.

2. Model and formalism

We consider the Keldysh nonequilibrium Green function
formalism to calculate, respectively, the charge, heat, and spin

currents, in presence of dephasing, as follows:[>7-2%]

Je= 3 X [ delfule) — fule)] T ), (12
Jo=1 ¥ [ aele—w)lfi(e) - (e Tuole),  (1b)
5= ¥ [ deSolite) - fu@lTuole). (o)

where, fi(g)(€) = [14exp((e — uz)/kT)] " is the Fermi-
Dirac distribution function of electrode L(R), ty, and Tj, de-
note the chemical potential and temperature of the electrode
L, respectively. T.fs is the spin-dependent effective transmis-
sion coefficient of the disordered system and the total effective
transmission coefficient of the carriers is as follows:

Tesr(€) = Y Tefro )

where, T is calculated using the D’Amato—Pastawski
model: ("]

N
Tiio (€) = Trro(€) + ) Trk (€)W (€) Tz (€),  (3)
k,m=1
here, the first term on the right-hand side of the above equa-
tion describes the coherent transport, whereas the second term
describes the transport in the presence of the phase breaking
process. Wy, is given as

Wiime = 5km(1 7ka(7) - (1 - 5km)Tkmcfa (4)

where, the reflection probability, Ryq, and transmission prob-
ability, Ty, o are:

Rikoc =1=Y Timo: (5a)
k#m
Tino = Tt oGl oGS, (5b)

where, I} ¢ are the spin-dependent broadening functions of the
fictitious electrodes and are the same for all atomic sites in the
chain.

The retarded Green function of the PT molecule coupled
to the FM electrodes (Fig. 1(a) in presence of dephasing is
written as follows:

G (e,Vg) = [(e+i0T) — Hy — X1 6(€) — Zro(e) — Zp] !,
(6)
where, 0T is an infinitesimal value. Hy, denotes the Hamilto-

nian of the molecule via an extended SSH model: 30-31]

Hpy :Z {(Si + eV(})CZGC[’G —tiit1 (C;;l,cc,"g + hC)}
i
- Z{Es (€hi3.604-3.0 €l oCai0) H (cjli73,crc4i-,0+h'c')}
i,

+ K0/2Z(“i+1 —u)*. @)

Here, &; is the on-site energy and Vg refers to the gate voltage
used to tune the molecular energy levels. CZG (cic) creates
(annihilates) a 7-electron with spin ¢ at the lattice site i. The
effect of a sulfur atom on the Hamiltonian of the PT molecule
is described by & and #,. Other input parameters of the above
equation are: the elastic constant Ky and the lattice displace-
ment at site i, u;.>) The hopping parameter between i-th and
(i+ 1)-th sites of the molecule is as follows:

tijir1 =to—t1cos(im/2) — a(uir1 —u;), (8)

where, #1, ty, and o are the non-degeneracy parameter, zero
displacement hopping integral, and electron-lattice coupling
constant, respectively.[*! To obtain u;, the Schrodinger equa-
tion can be solved for the electronic part of the Hamiltonian to
find the electronic eigenstates |y o) = ¥; xj_,“7oc}c|0> and
eigenvalues & ¢, as follows: 39311
€jZiwo ~ljj+1Xj+lpe —1jj-1Xj-1po

- (Ssz,u.c + tsz—3,,u,c)A (j/4,int)

— (&Xju.o H1Xj+3u,0)A(j —3/4,int)

=&uoljpos ©)

where,
1, x = integer,

0, otherwise. (10)

A(x,int) = {

The displacement of ith carbon atom can be determined
by minimizing the total energy of the system;

uj 21/2{14]'_1 +uji1
occ

+2a/Kp Z (Xj+1.u,c7%j,/.t,6 *Xj,u,chjfl,u,o)} , (1)

u,o
Equations (9) and (11) should be solved in a self-consistent
manner. Our model describes the m-electron system of the
PT connected to the semi-infinite FM electrodes with a simple
cubic structure. The electrodes have a square cross section (x—
y plane) because the electron transport happens through the
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central point at the cross section connected to the end of the
molecular chain, see Fig. 1(a). Hy indicates the Hamiltonian

of the @ (= L or R) FM electrode, which is written as:

Hy=Y (80~0.Jo)d]  odiyo—t(d}, oligi1.otd) 1 oly.c);

ko,,O

(12)
where, d;a, . (dr, &) is the creation (annihilation) operator of
an electron with spin ¢ at site k in electrode . & and ¢ de-
note the on-site energy and the hopping matrix element in elec-
trodes, respectively. Jy is the integral exchange energy and ¢
denotes the conventional Pauli spin operator. The coupling be-
tween the molecule and electrodes is given by:

Hr = ¥ tefi.ox) (d] geio+hec.), (13)
i

where, 1. sx) = fc is the coupling parameter between PT
molecule and FM electrodes.

(2)

ye 7\
T /\_/ I 3),7/\ /\\<_>/\ zT”j
5432?
(b)

)
"~

Fig. 1. (color online) (a) The FM/polythiophene/FM junction in both par-
allel and antiparallel configurations. Here, n refers to the number of thio-
phene rings and 4, ...,4j— 3 denote to the site of carbon atoms in molec-
ular chain. (b) Each carbon site of PT molecule is assumed to be coupled
to a fictitious electronic reservoir to include the dephasing process.

Other parameters in Eq. 6 can be described as: Xy 5(€)
is the spin-dependent self-energy function that describes the
effect of semi-infinite FM electrodes on the molecular chain
and is defined as: X 5 = =1l e 18L.oTe.L and Xp 5 = TR (&R, GT;C
where, g1 s and gg s are surface Green functions for the left
and right FM electrodes, respectively, which are calculated in
Refs. [34] and [35] as follows:

Zl//k )W (r;) sin® (k.a)

14
p g+0o.Jy+elk)’ (14

gaGlJZ

where, r; = (xi,yi,zi) = (lx,l},k ) =8+ i0™,

2v2
(Ne+1)(Ny + )N,

o bxim L o Ly .
x s1n(ﬁ) s1n<1\gy+1) sin(k,z;), (15)

Wi(ri) =

and

e(k) =2t [COS(Nixj:1> +COS(le7+Tl

: ) +cos(kza)} . (6)

Here, I.,(=1,...
and Ng (B = x,y,7) is the number of lattice sites in f§ di-

,Nyy) are integers, k, € [—m/a,m/al,

rection. Ny and N, denote the number of atoms at the cross
section of the FM electrodes, & is the on-site energy in the
electrodes and will be set to ¢ and ¢ is the hopping strength
between the nearest neighbor sites in the electrodes. 7Tq . is
the coupling matrix and is non-zero only for the near neigh-
bor points in the molecule and the electrode «. Following
the Biittiker probe method, the effect of dephasing is modeled
phenomenologically by coupling each carbon site to one ficti-
tious electron reservoir, as indicated in Fig. 1(b). We assume
that the net current flowing through these probes is zero, so
the electron transport remains elastic although incoherent and
currents (Egs. (1a)—(1c)) could be expressed by the formula

[36]

similar to the Landauer formula. Therefore, the fictitious

probes can be affected in our system through a scattering self-

energy term, as follows: 7!

N

Xp= Z 7i’}’kC]tCk.
k=1

a7

Here, N refers to the number of carbon atoms in the molecu-
lar chain. The coupling terms I; 5 and Ik s can be calculated

through the expression3®!

Ioo = i[zgc,a - ch,c]a (13)

where, advanced self-energy X  is the Hermitian conjugated
of the retarded one.

In order to compute the charge and spin thermoelectric
properties of the PT molecular junction in the linear response
regime, the charge, heat and spin currents are expanded by
temperature gradient, AT, and induced voltage drop, AV, to

first order as follows:

Jo =Y LosAV + = Y LigAT, (192)
o2 T o2
1
Jo=e) LicAV + =Y LysAT, (19b)
o T o
Js=eY L EGAV—i-lZL ﬁoAT (19¢)
s — - 062 T - 1(72 )
where
20f
Lo =~ [dele—pm) S hole). 0

The charge and spin thermoelectric coefficients are given

as follows: [39:40]

the ratio of the induced voltage drop to ap-
plied temperature gradient is charge thermopower, S, when the
J = 0. Also, spin thermopower, S; is the ratio of the induced
spin voltage drop to the applied temperature gradient when the

charge and spin currents vanish (J/ = 0 and J; = 0), therefore,

:,L(Lﬁ @)
2eT LOT L()i
and
s :,L<£,Lu)
s 2€T LOT LOL
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are charge and spin thermopowers, respectively. The spin de-
pendent thermopower is given as

1 /Lis
So = —— (7)
° eT \ Log
The spin and charge conductances (Gs and G, respectively)
are given by:

h
— eV (Lo ) 21
GS 6‘;( 0o 2 (o 9 ( a)
Ge=e"Y L. (21b)
(o)
Finally, the thermal conductance, x, is as follows:
1 L?
k==Y 125 — ﬂ} 22
T ;[ 20 L()o‘ ( )

3. Results and discussion

In this section, we describe the numerical results for dis-
The direc-
tion of magnetization in the left FM electrode is fixed in

ordered PT chain connected to FM electrodes.

the +y direction while the magnetization in the right elec-
trode is free to flip into either the +y direction, parallel (P)
configuration or —y direction, antiparallel (AP) configuration,
see Fig. 1(a). We set [Jg| =1.5¢eV,t=1¢V, g =1¢eV
for the FM electrodes.[*”! For PT molecular chain, we have
Ko =21 eV/IA2 g = —43 eV, tp =25 eV, t; = 0.675 eV,
& =t, = 0.0519, @ = 4.3 eV/A.P? Also, we regard T = 11 K,
t. =0.5eV, y=0.005 eV, and Ef = 0. In this study, the tem-
perature is low enough to consider the no spin-flip process.
Figure 2 shows the dependence of the charge thermoelec-
tric properties on the gate voltage for the PT molecule with
five rings in presence and absence of the fictitious probes in
parallel configuration. It is obvious from Fig. 2(a) that by in-
creasing ¥, G, decreases. It can be found from the effective
transmission coefficient of the junction. One can see from the
inset of Fig. 2(a) that the height of Ty (€) peak decreases in the
presence of dephasing due to increase of resistance to charge
transport because of the enhanced probability to backscatter
the charge via fictitious probes.?! It is also observed from the
inset of Fig. 2(a) that the peak of transmission probability be-
comes wider in the presence of additional probes (y # 0) in
comparison with 7 = 0. This broadening arises from the dom-
inance of the randomizing effect over backscattering as a con-
sequence of phase incoherency in the dephasing process.?”]
Because of the better clarity, we indicate only one of the T (€)
peaks in the inset of Fig. 2(a). The peak becomes wider and its
height decreases by increasing y due to more scattering rate.
The charge thermopower and figure of merit are indicated
in Figs. 2(b) and 2(c). The thermopower of PT has an oscil-
lating behavior, denoting the change in the number of elec-

[41-43

trons in the molecular energy levels I'and decreases in the

presence of dephasing. The value of S decreases more by ¥ be-
cause of of the larger scattering in atomic sites of the molecular
chain. In the strong coupling regime, the number of oscillation
of the peaks decreases because the Ty(€) peaks almost disap-
pear in the greater value of y. The main factor for the shape
of ZT is charge thermopower. The ZT is zero in points that
S = 0 and the extremum points of S are the extremums of Z7T'.
Therefore, the value of the ZT decreases by increasing 7.

1.5

G./(€*/h)

o
~
2]
=
0
1 1 1 1 1 1 1 1 1 1
(c) 2
0.08 + @ I
Lo
T
& 0.06 + E 1
N R \
0.04 + - N VA I
0 P =" er S
-2 -1 0 1 2 3
0.02 + Ve/V
0 L AL L e J_AA,A\_ h
—2 —1 0 1 2 3
Va/V

Fig. 2. (color online) The charge thermoelectric properties of PT (n = 5) for
different y: (a) electrical conductance, (b) charge thermopower, (c) charge
figure of merit. The insets show (a) the effective transmission coefficient for
different ¥, (b) charge thermopower in Y = 0.1 eV, (c) charge figure of merit
iny=0.1eV.T =11Kand E; =0.

The electrical and spin conductances in the presence of
the additional probes for three consecutive lengths of PT chain
(n=15,6, and 7) are indicated in Fig. 3 versus gate voltage in
both P and AP configurations. The conductance peaks are lo-
cated in the molecular energy levels and their height decreases
by increasing molecular length. It can be found from the
change in the effective transmission coefficient. The HOMO-
LUMO gap slightly decreases by the chain length enhance-
ment. This comes from the change in the arrangement of the
m-electron levels of the molecule by increasing the molecular
length due to electron-donating characteristic of sulfur atoms
in thiophene rings.***! Figures 3(a) and 3(b) show the elec-
trical conductance in P and AP configurations of the elec-
trodes, respectively. The value of G, in P configuration is
more than the AP one because the electrical conductance in P
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configuration is controlled by participating tunneling between
majority and minority carriers in both FM electrodes. Mean-
while, in the AP alignment the magnetic moments of leads are
in the opposite direction and the carriers have to tunnel be-
tween the spin-majority and spin-minority bands through the
molecular levels; consequently, the charge transport is sup-
pressed. Therefore, the values of both electrical and spin con-
ductances decrease in AP alignment. The spin conductance
is the difference between spin-up conductance, G4, and spin-
down conductance, G| . In the P configuration, G5 has a posi-
tive value for all considered lengths (Fig. 3(c), indicating that
the spin-up conductance is bigger than spin-down one. But
in the AP configuration, the G value is positive in some gate
voltages and in some gate voltages is negative, denoting that
in the negative case G| has bigger value than G; (See the inset
of Fig. 3). It is interesting that the value of G in AP alignment
is much less than in the P alignment because of the larger sup-
pression in the charge transport between electrodes.

1.0
(a) —n=5

06 =T I

0.4

0.2

G./(e?/h)

0.6

0.4t e

G./(e*/h)

02t [l :

=
06 % il '

< -2 i|| !
0.4+ o

G,/ (e*/h)

0.2y -1 0 1 2 3 n/\qy
2 4l Va/V

~1.0 0 1.0 2.0 3.0
Vo/V

Fig. 3. (color online) Electrical conductance in (a) P and (b) AP configura-
tions, (c) spin conductance in P configuration, versus gate voltage. The inset
of panel (c) shows Gj in antiparallel alignment. 7 = 11 K and Ef = 0.

The charge and spin thermopowers as a function of the
gate voltage are indicated in Figs. 4(a) and 4(b) for considered
lengths of the disordered PT chain. Figure 4(a) and its inset
show the charge thermopower in P and AP configurations, re-
spectively. The value and the number of oscillations increase
by molecular length enhancement in both configurations. 22461
It can be found from the increasing number of 7w-electrons in
the PT chain that increasing the molecular length causes the
number of electrons tunneling through the molecular level to
increase. The thermopower (charge and spin) is zero in res-
onance energies and electron-hole symmetry points. In the
symmetry points, both carriers participating in transport mech-
anism, have equal contributions but with opposite signs, so the

net induced voltage drop is zero and, as a consequence, ther-
mopower becomes zero. In resonance energies, the tempera-
ture gradient cannot produce a net electrical current because
the electrons can tunnel from the hotter and colder electrodes
to the molecular levels without needing thermal energy. The
spin thermopower in both P and AP configurations is repre-
sented in Fig. 4(b) and its inset, respectively. Ss is employed
to study the spin effects in the thermoelectric transport, and is
the difference between spin-up and spin-down thermopowers,
Sy — 8. Similar to charge thermopower, the spin thermopower
changes the sign and magnitude with molecular length alter-
natively when the Fermi level crosses the resonance energy or

(101 The positive sign of S indicates that the

symmetry points.
Sy is greater than the S|. In fact, the induced spin-up voltage
drop is bigger than spin-down one and the negative sign of
spin thermopower denotes S| > Sy, whereas the sign of charge
thermopower determines the kind of carriers participating in
energy and charge transports. It is obvious from the Figs. 4(a)
and 4(b) that the sign of charge thermopower is the opposite of
the spin thermopower due to the increase of the minority spin
voltage.[4>47

in AP configuration with respect to the P configuration due

I Also, the values of both S and S are decreased

to tunneling between spin-majority and spin-minority carriers
and the suppressed transport. The reduction is more obvious
in the case of Ss.

S(kg/e)

Sy(kp/e)

2 1
08-(0) 2. 1 |
Of—mn=5 ny o\
-=-n=6 & OJ%
0.6 _ =3
a0 —_——n=T 1 v
£ -2
= 04f T o0 1 2 3
Va/V
0.2+ ‘ .
! n
0 l n
1 1 1 1 1 1 1 1 1
—1 0 1 2 3
Vao/V

Fig. 4. (color online) (a) Charge thermopower in P configuration versus gate
voltage. The inset shows the charge thermopower in the AP configuration.
(b) Spin thermopower as a function of gate voltage in P configuration, the
inset shows the Ss in AP one. (c) The charge magnetothermopower and in-
set shows the spin magnetothermopower versus gate voltage. 7 = 11 K and
E;=0.
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The charge thermal tunneling effect from FM electrodes
to the molecular levels due to the temperature gradient re-
sults in charge magnetothermopower (MTP). On the other
hand, the spin thermal tunneling due to spin voltage drop re-
sults in spin magnetothermopower (SMTP). These quantities
are related to the dependence of the charge and spin thermo-
electric effects on the magnetic orientation of the electrodes
and are defined as:[*8) MTP = (S(P) — S(AP))/(S(AP)) and
SMTP = (S5(P) — Ss(AP))/(Ss(AP)). The MTP of the dif-
ferent lengths of the PT chain is indicated in Fig. 4(c) versus
gate voltage. It is observed from this figure that, the thermal
tunneling between carrier bands for n = 7 is larger than other
lengths in Vg = 2.2 V but in negative gate voltages the MTP
(tunneling) is nearly zero. In the case of PT with five rings,
the tunneling effect is intensive in Vg = —1 V to Vg = 0, and
Vg = 3 V. Also, the thermal tunneling effect can be observed
in almost all the molecular energy levels. The gate voltage de-
pendence of SMTP for the considered lengths is shown in the
inset of Fig. 4(c). The spin thermal tunneling effect is more
significant in the case of n = 6 with respect to other lengths.
The value of the SMTP is greater than MTP due to existence
of big difference between spin thermopowers in parallel and
antiparallel configurations.

The figure of merit of the considered lengths of the
molecule for P and AP alignments is indicated in Figs. 5(a)
and 5(b) versus gate voltage. The number and magnitude of
the ZT peaks increase by increasing the molecular length be-
cause the same behavior was observed for S in the same con-
figuration. The dependence of the spin figure of merit on the
gate voltage for P configuration is plotted in Fig. 5(c). The
peaks of Z;T are in the points that Sg has extremum and the
valleys of it are placed at points that S¢ = 0. The value of Z,T
in AP configuration is considerably less than P one and is near
to zero.

0.08—
— a
0.06f * — "= (=)
& i -= n=6
N 0.04f 1! --n=7
|
1:-
|- )
0.02 .'l'(‘ YA 0 r
0 AN d L L L ;_Jy\.,A\ AR
! (b)
0.06} :‘
i}
S 0.04f !
]
0.02f 'y ? .
It N 0" on
- 1
dad v o I A._Ah,m\'.'/(.{\
| (c)
§ !
H h
., 0:002f n N
n 1 - 1
N ! LU
"o noog !
0.001F 3 ol n N Vo
\ " L -
"\ \ i o (A h
obtllidl o A A LA
— 0 1 2 3
Vo)V

Fig. 5. (color online) Charge figure of merit in (a) parallel and (b) antipar-
allel configurations. (c) Spin figure of merit for P configuration versus gate
voltage. T = 11 K and Ef = 0.

The temperature dependence of the charge thermoelectric
properties for the different disordered molecular lengths are
shown for P configurations in Fig. 6. The electrical conduc-
tance increases by the length due to decreasing the HOMO-
LUMO gap and the distance of energy levels (see Fig. 6(a). It

0.25
(a)

0.257 .- -~

0.15§% ’

G./(€*/h)

o =38

0.01 0.02 0.03
kT/eV

0.020 -
(b)

0.0151

t/(kg/h)

-
L PSS
0.010 Jale

0.005 e e

S(kg/e)

kT/eV
P
’ ‘\
Yz
LN
’ (SN
’ ~ AN
g (RN
.\
3 N
., AR
NN
LSRN
SN
SN
‘), <~
//Il""uu
0.01 0.02 0.03
kT/eV

Fig. 6. (color online) Charge thermoelectric coefficients versus temper-
ature for different lengths of disordered polythiophene chain in P align-
ment: (a) electrical conductance, (b) thermal conductance, (c) charge
thermopower, and (d) charge figure of merit. We set Vg =0 and Ef = 0.
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causes the number of tunneling electrons to increase. The
electrical conductance increases by the temperature in each
length of the molecular chain. The effective transmission coef-
ficient is independent of the temperature but the Fermi deriva-
tive is temperature dependent. By increasing the temperature,
(—df/de) is broadened and more parts of Tes(€) can be cov-
ered by (—df/de), so the number of electrons participating
in transport increases. The magnitude of G, for PT molecule
with six thiophene rings is bigger than other considered PT
lengths. It can be found from the Figs. 7(a)-7(c) that the
Teir(€) peaks are more included in (—df/d¢€) for n = 6 with
respect to the other lengths (n = 5 and n = 7). Therefore, the
number of tunneling carriers increases and G, becomes bigger
than the others.
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Fig. 7. (color online) Transmission coefficient peaks in (a) n =5,

(b) n =6, and (c) n = 7. The Fermi derivative is indicated in gray.

The thermal conductance versus temperature is shown
Fig. 6(b) for different lengths of the PT molecular chain. It
is obvious that the n = 5 has maximum value for x with re-
spect to other lengths. Figure 6(c) indicates the charge ther-
mopower as a function of temperature. As mentioned in the
description of Fig. 4, the sign of charge thermopower shows
the kind of carrier participating in the transport mechanism.
For the molecular chain with even number of thiophene rings,
S is negative, indicating that the electrons are responsible for

energy and charge transports in the chain, also, the Fermi level
is located near to LUMO level. Whereas, the sign of S for odd
number of thiophene rings shows that the holes are dominant
for the transport mechanism in the junction and the Fermi level
is located near to HOMO level.

The temperature dependence of the charge figure of merit
for the considered lengths of disordered chain is shown in
Fig. 6(d). The ZT reaches to a maximum and then decreases
by the temperature enhancement. This can be found from the
curve of S. The maximum value of the ZT almost increases by
increase of the thiophene rings. In the case of n = 6, ZT has
maximum value in comparison with other consecutive lengths,
because the G is maximum and k is minimum for n = 6. The
same behaviors are observed in AP configuration but the value
of the coefficients is decreased due to the suppression of trans-
port in this alignment.

4. Summary

In this work, we have studied the charge and spin thermo-
electric properties of polythiophene molecular junction with
ferromagnetic electrodes in both parallel and antiparallel con-
figurations. We have introduced the dephasing process with a
phenomenological Biittiker probe model. Our method is based
on a tight-binding model within Green function formalism that
can help to find the charge and spin thermoelectric coefficients
of a disordered PT chain in the linear response regime. Our re-
sults show the decrease of thermoelectric coefficients in both
configurations is due to the decrease of height and increase of
wide of effective transmission coefficient peaks. By increas-
ing incoherency, the decrease is more obvious. We have also
found that the SMTP versus energy levels is greater than MTP
(charge thermal tunneling) due to big difference between spin
thermopowers in parallel and antiparallel alignments respect to
charge thermopower. In addition, the sign of thermopower is
affected by the number of thiophene rings in the chain. There-
fore, the kind of carrier controlling transport also changes.
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