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Abstract Effects of inelastic electron—phonon interactions
and different contact geometries on the electron transport
and thermoelectric properties of the Cgy molecule are stud-
ied by Green’s function theory within the framework of
polaron transformation. It is seen that the current (/,) and
energy flux (Ip) values with respect to the contact types are
ordered as ,,(C1)<l.;y(Cs)<I,(Cs). The results reveal that
the thermopower—energy curves have strictly monotonic
character which show the staircase structures. Their stair
numbers depend on contact types and presence of electron—
phonon interactions. It is shown that the oscillatory behav-
ior of thermal conductance is dramatically dependent on
contact types and e—p interactions. Also, the values of the
dimensionless figures of merit (Z7,) lie in the interval
[0.322 x1077, 0.194 x10*], and effect of contact types is
small on the values of ZTgs.

Keywords Thermoelectric effect - Polaronic transport -
Electron—phonon interaction - Fullerene junction

1 Introduction

In recent years, the experimental and theoretical studies
of molecular junctions have received much attention due
to the number of novel and promising physical charac-
teristics such as conductance quantization, the nonlinear
current—voltage characteristics, negative differential re-
sistance (NDR), giant magnetoresistance (GMR), tunnel
magnetoresistance (TMR), and the Kondo effect [1-10].
These physical characteristics have found important ap-
plications in prototype devices as the readheads of

M. Yaghobi (<)) - M. R. Niazian
Ayatollah Amoli Branch, Islamic Azad University, Amol, Iran
e-mail: mojtabayaghobii@gmail.com

modern hard disk drives, nonvolatile semiconductor
memory, information processing, molecular switches,
logic cells, and memory and other electronic applica-
tions on the nanoscale [11, 12]. The studies indicated
that the quantum nature of the molecular system, elec-
tronic properties of the electrodes near the Fermi energy
level, and the strength of molecule-to-electrodes cou-
pling affect the electron transport [13].

The effects of thermal broadening and inelastic scat-
tering due to the electron—phonon interactions should
be considered in calculations because the thermal ef-
fects are present in experiments. The temperature-
dependent thermoelectric power (TEP) of nanostruc-
tures was studied both theoretically and experimentally
[14-17]. In the linear response regime, the impact of
electron—phonon interaction on the thermoelectrical
properties of a quantum dot device was investigated
by Koch et al. [18].

Thermopower and thermal conductance of atomic sized
metallic contacts, 1D Wires, single-electron transistor, and
double quantum well were studied in recent years [19-22].

2 Theoretical Methods

In this research, we consider that a system consists of a Cgg
molecule contacted by single and multiple atoms to two
metallic electrodes with finite cross sections, simple cubic
structure, and square cross section. In the semi-infinite elec-
trodes described by the wide-band (WB) model [26], only the
central site at the cross section is connected to the molecule.
The model of such a structure is shown schematically in
Fig. la—c. The system Hamiltonian is expressed as follows:

ﬁ:ﬁL+ﬁR+ﬁc+ﬁT7 (1)
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Fig. 1 a Geometric a

configureuration of the carbon
molecular junction. A Cg
molecule connected to two
reservoirs via potential barriers.
Schematic view of b five and ¢ six
atomic contacts of Cgg molecule.
The central site of contacts is
depicted by a cross inside a circle.
The vector arrows (—) indicate
the current directions of each
bond of the single and multiple

contacts

where H 1 and H & are the Hamiltonians of the left (L) and
right (R) electrodes, Hc describes the channel Hamiltonian,

and Hy is the coupling between the electrodes and central
part. Hamiltonian of electrodes can be written as

I/{\a = Z (6“6_&“7]‘&)6‘;;0]'& (O( = L,R) (2)

(iasja)

Here, ¢, is the on-site energy of the electrodes and will be
set to 0. The coupling Hamiltonian is described as

Hp = Z Z (—tLy) (c;(:djc + hc) (3)

a={L,R} (ia;jc)

The Hamiltonian of the central part can be extended as [24]
He= Z&dfdi-i-ﬁssm (4)
i
with
Hsor = |~to+ Y N (af +ax) | (dfd;+ H.C)
(i.j) k
+ Z hwia ag (5)
k

Here, the hopping integrals 7, and ¢ are the nearest-
neighbor hopping integrals, d; or ¢; (d; or ¢;) is the creation
(annihilation) operator of the 7 electron at site 7, while a; and

@ Springer

ay, are phonon creation and annihilation. The sum over (i,j) is
taken over nearest-neighbor pair (i,j). €; is the on-site energy
where it is equal to the gate voltage.

In addition, the second term of Iflmh is the electron—
phonon interaction with the coupling strength given by

)\fi ;. Finally, the third term of Iflssh indicates the purely
phononic energy with phonon frequency w; for the k-
mode. The phonon modes with energies {2=hw;=0.13
and 0.10eV were considered in calculations by solving
the familiar eigenvalue problem [23]:

k k
Z Vl7]7)1 = —miw%T)i s (6)
J

where the sum over ; is just over the nearest neighbors of
atom i with mass m;. Also, the atoms in the leads are assumed
fixed in their static positions. The effective spring coupling
between the nearest neighbors of atoms of the molecule is
chosen to be V;,=K=49.7 eV/ A% [24]. 7? is the displace-
ment from equilibrium position of the 7 atom.

The electron states in molecule and leads in terms of the
direct product states composed of single-clectron states and n-
phonon Fock states are expanded, respectively, as [25]

)"

. (a")" . (a
|l,m> - der m! |O> and |lﬁm> = C;r m!

0). (7)

In the new representation, H . and H 7 can be rewritten in
the forms
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He =Y (g +m8)|i,m)(i,m|

i,m

+ ) [toliym)Gym| + MWm + 1(li,m + 1), m| + [i, m) (j, m + 1])]

(i
(8)

Hr= 3" 3 [Haliam)(esml). )

a={L.R} (ia.jc).0

The incoming channel m is connected with outgoing chan-
nel n in terms of transmission probability of the individual

iy ~ R o
transitions 7', (e, V) = tr [I’LG +1,,7+1FRG,,1+17,7+1} . The

m

transmission function depends on energy () and bias voltage
(V,)) where G&* are the retarded and advanced Green’s func-
tions and the coupling function I x are the linewidth func-
tions of the left and right electrodes, respectively. Also, elec-
tron energies are constrained by the energy conservation law
as g;,tmhw=c,,,+nhw. It is obvious that the elastic contribu-
tions can be obtained by imposing the constraint of elastic
transitions, where ¢;,=¢,,,; or more precisely m=n.

In the nonlinear response regime, both the total current (/,)
flowing through the junction and the energy flux (/p) can be
expressed as [25]

L) =2 [ 7S [Pas (-8)Pash(172) | T, Vi

(10)

[Q(Vh) = %.[:OZ

mn

Pm T(lf;)Prlf;(lfzn):| Tm,n<€7 V},)Ed& .

(11)

Here, f7r(e, Vi) =[exp[Br(e+mhw—jig)]+1] are the
Fermi—Dirac distribution functions of the left and right elec-
trodes, i, g = Ey + %eVb are the electrochemical potentials
of the left and right electrodes, P,,=[1—exp(—(rhw)]exp(—(-
rmhw) is the Boltzmann distribution function, h is the Planck’s
constant, and e is the electron charge.

In the presence of the bias voltage, the Green’s function of
system is evaluated from the effective Hamiltonian of the
molecule (H¢) and self-energy functions (X)) as [13]

G*M(e.Vy) = [(e £ inl-He=3,(e, Vs)-Sale, V)] - (12)

Here, n=0" is a positive infinitesimal constant. By applying
the wide band approximation, the self-energy matrixes for left
(L) and right (R) leads are defined as [26]

Z(y =2l = _?acg(ﬁaca (O‘ = LvR) (13)

where 7 is the hopping matrix that couples the
molecule to the leads and its elements are indepen-
dent of energy. g, =imp, is the surface Green’s
function of the uncoupled «-electrode and p, is the
density of states in the «-electrode in the Fermi
energy.

Around the linear response region, the thermoelectric
coefficients are given through the following expressions
[25, 27]:

Ig _ ezLO ekB/BRLl V
Io) \eLy kgBils a0 )

These expressions indicate that the charge and energy
fluxes are directly proportional to the chemical potential
difference V = @
A0=(0;—0R).

The coefficients L,, (n=0, 1, and 2) are defined as [25, 27]

and the temperature difference

L, = %I:o Y [T <—afméi_€)> PyTpu(e)de . (15)

m,n

Here, Fr(e) = (— %;(5)) = %"sechQ (%s) with Gg'=kg.
Oris responsible for the broadening of peaks of thermo-
electric coefficients. kp is the Boltzmann constant and
0;/r are the finite temperatures of left and right
electrodes.

The thermopower S can be found as

_(AY _ kpBgLy
s_( AT)H_ Oels, (16)

Another important quantity is the conventional thermal
conductance of electrons at zero electron current which is
given through the following expressions:

_(te) s ke
K= < AT)IQ_O —e[ SLy + eﬂRL2:| . (17)
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Fig. 2 The total transmission 0.5 T T T T T T
probability of Cgp molecule as a i
function of electron energy for |
one (—.), five (—), and six (_ ) 04+t s
atomic contacts at /,=0.0 V and |
in absence of e—p interactions !
]
03f I 1
|
— I
0.2 il 4
[
1
'.
01F .
l'| )
- A
| " s L — . —
=2 =15 =1 -0.5 0 0.5 1 1.5 2
Energy(eV)

3 Results and Discussion

The Cgo molecule can be coupled through an arbitrary number
of carbon atoms to two leads that are taken symmetric with
respect to the plane through the center of mass of
the molecule. Cg is a beautifully symmetric molecule which
belongs to the icosahedral symmetry and is formed of 12
pentagons and 20 hexagons having the same edge dimension
close to that of the C—C bond in graphite. Therefore, the
direction of the molecule changes the number of contact
points when two electrodes are connected to the Cgg
molecule. Thus, single or multiple contacts may occur.
In this study, the coupling through two facing atoms
(Fig. la) or pentagons (Fig. 1b) or hexagons (Fig. 1c) of
the Cgomolecule to the central site at the cross section
of each electrode will be considered. Here, we adopt
the following parameters of the model (given in eV):
er=—1, €0=0, p.'=pr'=14.3, t,=12=024, 1,=2.5, §;'=

kg0, =0.015, Br'=ks0r=0.025, and \},=\. For the param-
eters involved in the present paper, the maximum number
of allowed phonon quanta m,=3 is selected to obtain
fully converged results.

It should be pointed out that the values of current are
displayed as a function of the applied bias voltage for all
systems. The bias voltages are in the range from —4.0 to
4.0 V in steps of 0.1 V, which is reasonable in practical
experimental measurements. All the calculations are per-
formed in the weak coupling regime (,,z<<f,) by using
wide-band (WB) approximation. Here, our attention has been
concentrated on the effect of the inelastic scattering process in
tunneling, and all the interactions between charge carriers are
neglected. Therefore, a nonperturbative method based on
Green’s function theory within the framework of polaron
transformation (GFT-PT) has been used in this work [26].
Also, effects of phase decoherence processes in the treatment
of the electron—phonon exchange, the Coulomb interactions

Fig. 3 The total transmission 0014
probability of Cyq molecule as a
function of electron energy for 0012

one (—.), five(—), and six (_ )
atomic contacts at V,=0.0 V and

in presence e—p interactions 0.01

0.008

0.006

0.004

0.002

@ Springer
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Fig. 4 The electrical current 10
values of Cgo molecule as a
function of bias voltages for one
(=), five(—), and six (__) atomic
contacts in absence of e—p — 5
interactions ‘?<
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between charge carriers, and the phonon mediated electron—
electron interactions are ignored in calculations.

First, our calculations are done with respect to A=0.2 e}
and (2=0.13 eV The total transmission coeficients as a func-
tion of the energy of the incident electron for C4, molecule are
depicted in Fig. 2 in the absence of phonons, with respect to
the contact types. The bias voltage is selected V;,=0 V. In the
absence of phonons, the three and one resonant tunneling
peaks are seen in the cases of single and multiple contacts,
respectively.

With the inclusion of phonons, new transmission mecha-
nisms that involve the emission and absorption of phonons are
activated. The total transmission spectra as a function of
incident electron energy are shown in Fig. 3 with respect to
the contact types. The total transmission involves inelastic and
elastic interactions, and it is greater than the elastic part.
Comparison of Fig. 2 with Fig. 3 indicates that the height of
transmission peaks in the presence of electron—phonon cou-
pling is reduced in respect to that in the absence of electron—

Vyl¥)

phonon coupling. Also, there are extra peaks, and the peaks
are broadened due to the creation of phonons. Besides, posi-
tions of transmission peaks approximately (in Fig. 3) coincide
with polaron energies, which are given through the relation:

Epot(n) =i + m2-\*/(02) ,

where m denotes the m-th excited state of a polaron and ¢; is
corresponding to the molecular level. The main peak corre-
sponds to tunneling through polaron ground state &,,/0),
while additional side peaks represent next excited states with
following energies: €,0/(1), ..., €poi(Mmax), respectively. More-
over, localized electron—phonon interaction leads to the so-
called polaron shift —\*/£2 which appears as an energy cor-
rection for resonant tunneling [25].

With respect to Fig. 3, one can easily observe that the
number and height of the transmission resonances increase
with increasing number of contact points, respectively.

15

Fig. 5 The total electrical current
values of Cgo molecule as a
function of bias voltages for one
(), five(—), and six (__) atomic
contacts in presence of e—p
interactions

Current{107°A}
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Also, the peaks are broadened with increasing number of
contact points in presence of phonons. On the other hand,
the width, the height, and the number of transmission reso-
nances depend on interference effects in quantum transport
that is in accordance with other works [28]. The main reason
for this is that hybridization with the electrodes is stronger and
there are more paths for the electrons to pass through from the
metal to the molecule with increasing number of contact
points between device electrodes and molecule.

The physical meaning of the interference effect is that the
electron waves in the molecule, which come from the different
contact points, may undergo a phase shift. Thus, constructive
or destructive interference in the propagation process of the
electron through the molecule can occur. The effect of the
contact is described by the self-energy matrices. Therefore, the
Green’s function and hence the density of states of the coupled
molecule and the transmission spectrum vary with the number
of contact points.

It is seen that the value of transmission is small in most of
the energy ranges. This is due to the fact that the transmission
coefficient depends on two factors of the molecule electronic
energy and the electrode/molecule coupling strength. There-
fore, the large values of the transmission functions are near the
molecular levels of Cgy where resonance occurs between the
incident electron and the molecular level [29].

For cases of single and multiple contacts, the current—
voltage (I-V) characteristics of Cgo molecule are shown in
Fig. 4 without considering e—p interactions. In these cases,
the device is in its off state, and a threshold voltage is needed
to generate current through single and multiple contacts of the
Cgo molecule. This is due to the fact that there are no trans-
mission peaks at about the Fermi energy (see Fig. 2). Also, the
slight NDR behaviors can be seen at high voltages for Cy in
cases of transport through single and multiple contacts.

Figure 5 describes the current—voltage (/-V) characteristics
of the Cgo molecule in cases of transport through single and

multiple contacts considering e—p interactions. In these cases,
the current—voltage curves do not show off states and NDR
behavior. Then, e—p interaction is an effective factor on NDR
behavior of electronics devices that is similar to other results
[18, 30, 31]. Also, total current values considering e—p inter-
actions are smaller than those without considering e-p inter-
actions. Figure 5 shows that the /-V characteristics show an
Ohmic behavior at low applied voltages for the single and
multiple atomic contacts which confirm the simple nonreso-
nant electron tunneling mechanism in these cases [32]. The
difference between the /-V characteristics in cases with and
without considering e—p interactions can be explained with
respect to the transmission coefficient peaks.

The I-V characteristics of the Cg molecule show steplike
behavior which is independent of the contact types. The
steplike behavior of the /-7 characteristics can be explained
by the curves of the transmission coefficients [see Fig. 2a].
The region of the integral window in the total current integral
becomes approximately [Er — V3/2, Ex+ V;/2]. Furthermore,
the total current is equal to the area under the curve of
transmission in the region of the integral window. It is evident
that the current value increases remarkably when the
new transmission peak moves into the integral window with
the increase of bias voltage (a new channel is opened). The
experimental and theoretical results of the same systems are
qualitatively in agreement with present results for the /-7
characteristics in the cases of single and multiple contacts
[33-40].

In Fig. 6, the calculated energy flux is presented against the
applied bias voltage in the presence of e—p interactions with
respect to contact types. The sign of the energy flux is negative
for positive bias voltage because transport is due to the elec-
tron conduction through the low unoccupied molecular orbital
(LUMO) level of the Cgo molecule. For the Cgy molecule,
each carbon atom contributes two p state electrons. Therefore,
the highest occupied molecular orbital (HOMO) is completely

Fig. 6 The energy flux (in unit
2/h) of Cgo molecule as a function
of bias voltages for one (—.),
five(—), and six (__) atomic
contacts in presence of e—p
interactions

0.02

0.01

-0.01}

-0.02t

0.03 ==

-0.03
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Fig. 7 The total thermopower
values of Cgo molecule as a
function of electron energy for
one (—.), five(—), and six (_ )
atomic contacts in absence of e—p
interactions

TP(1078vK ™)

filled, and conduction is done through the LUMO level. In the
presence of e—p interactions, the results suggest that the effect
of the contact types is dramatic on the current—voltage (I-V)
characteristic and energy flux of fullerenes. It is seen that the
values of current and energy flux with respect to the contact
types are ordered as L,/,(C1) < 1o/y(Cs) < L/g(Cs).

It should be noted that the current from i to j site (/;) is
proportional to Im[H;;G,;] where H;; represents
the Hamiltonian element and G;; is the electronic relative
Green’s function between i and j atom sites [41]. Then, elec-
tronic transmission depends on bond currents, incident elec-
tron in each atom site, and symmetric properties of cages.
Therefore, electron conductance and thermoelectric properties
of fullerenes vary with respect to the contact types.

Figures 7 and 8 show the thermopower as a function of
energy for different contacts in cases with and without con-
sidering e—p interactions, respectively. For positive energies,
the thermopower sign is positive while for negative energies,
it is negative. The mentioned result is independent of the

E-EfeV)

contact types. Figures 7 and 8 show nearly linear trends in
the thermopower—energy dependences. However, those trends
are characterized by small jumps or small humps. In other
words, the thermopower—energy dependence reveals the stair-
case structure where the number of steps strongly depends on
the contact types and presence of e—p interactions.

The first derivatives of thermopowers with respect to ener-
gy are presented in Fig. 9. It is clear that any small change in
the slope of linear trend of thermopower is viewed as an
abrupt jump and hump in its first derivative. Therefore, the
numbers of abrupt humps are equal to the numbers of steps.
Comparison of Fig. 9 with Fig. 3 indicates that the numbers,
width of stairs, and positions of stairs against energy are
proportional to that of transmission peaks. On the other hand,
the staircase structure of thermopower as a function of energy
reveals where transmission values increase. Results indicate
that the number of thermopower steps reduce by increasing
contact points. Also, the number of thermopower steps in
presence of e—p interactions increase with respect to those in

Fig. 8 The total thermopower 3
values of Cgo molecule as a

function of electron energy for D
one (—.), five(—), and six (_ )
atomic contacts in presence of e—p
interactions

-

TP(1078vK™)
Q
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Fig. 9 The first derivatives of total thermopower of Cgy molecule as a
function of electron energy for one (—.), five(—), and six (__) atomic
contacts in presence of e—p interactions

absence of e—p interactions because the number of transmis-
sion peaks increases when considering e—p interactions. The

0.4

03¢ 1

01f

k(1 0%evs 1K)
o
N
" At

L g ot o

06} 1
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k_(10%evs 1K)

e
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02k I A 1

k_(108evs- 1K)

e

0
-3 2 -1

0 1 2 3
E-E,(eV)

Fig. 10 The total thermal conductance values of Cgy molecule as a
function of electron energy for one (—.), five(—), and six (__) atomic
contacts in absence of e—p interactions
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Fig. 11 The total thermal conductance values of Cgy molecule as a
function of electron energy for one (—.), five(—), and six (_ ) atomic
contacts in presence of e—p interactions

values of thermopower for the Cgo molecule are of the order of
that for the same system [14, 42, 43].

To get more insight of the thermoelectric properties of the
Ceo molecule, the electronic thermal conductance (k,) as a
function of electron energy has been plotted in Figs. 10 and 11
in absence and presence of phonons, respectively. The elec-
tronic thermal conductance behavior is oscillatory for different
contacts in case of no e—p interaction. In presence of e—p
interactions, the electronic thermal conductance behavior is

x10°

1,
o

20 I 1 1 1 I
-3 2 -1 0 il 2 3

EE.(6V)

Fig. 12 The merit figure of Cgy molecule as a function of electron energy
for one (—.), five(—), and six (__) atomic contacts in presence of e—p
interactions
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Fig. 13 The merit figure of Cg molecule in the logarithmic scale as a
function of electron energy for one (—.), five(—), and six (__ ) atomic
contacts in presence of e—p interactions. Here, b is equal to 0.194 x 103

parabolic which is characterized by big oscillations. With
comparison of Figs. 10 and 11, one observes that the numbers
of peaks in presence of phonons increase with respect to that
in absence of phonons. The smallest value of electronic ther-
mal conductance is belonging to the single atomic contact and
the biggest value (k.max) Of it is belonging to the six atomic
contacts. The maximum value of electronic thermal conduc-
tance for multiple contacts about is two times bigger than that
for one atomic contact. Also, the peak position of k.. Via
energy in presence and absence of phonons is different for one

03 T T T T T

02t

o
=

Gurrent(10%a)

-04 1 1 1 1 1
-3 -2 -1 0 1 2 3
E-EL(eV)

Fig. 14 The total electrical current values of Cgy molecule as a function
of bias voltages for 2=0.013eV/ (__) and £2=0.010el(— —)

and multiple contacts. By using first-principle calculations,
the origin of the oscillatory behavior of the thermal conduc-
tance is attributed to filling of the p states of carbon chains
[44]. It is clear that the elastic part values of electronic ther-
moelectric are smaller than that for the inelastic part. The &, ax
in presence of e—p interactions dramatically decrease relative
to that in absence of e—p interactions, so that ratio of k..« in
absence of e—p interactions to it in presence of e—p interactions
is more than 100.

In presence of e—p interactions, the figures of merit (Z7, =
%ﬁr ) via energy for Cgy molecule have been plotted in
Fig. 12 with respect to contact types. There is significant
interest in improving figures of merit in thermoelectric mate-
rials for many industrial and energy applications. All the
figures of merit as functions of energy are very similar at first
glance and show characteristic minimum exactly at the Fermi
energy. This problem could be solved by presenting Fig. 12 in
the logarithmic scale within energy range between —3 and 3.

Figure 13 shows that the behavior Z7j is oscillatory with
respect to contact types. The values and behavior of ZT, are
dependent on the contact types. The minima (dips) of the
dimensionless figures of merit at around Fermi energy are
typically an order of magnitude smaller than the other values
of considered quantities. Since the Fermi energy of contacts is
an important parameter for transport properties of molecular
junctions, therefore, contact properties have dominant influ-
ence on the shape of thermoelectric characteristics of the
fullerene junctions. The minimum values of Z7,s are equal
t03.167 107>, 1.17 10 >, and 9.01 x 10" ° for one, five, and
six atomic contacts, respectively.

Finally, the /- characteristics of the Cgo molecule are shown
in Fig. 14 for {2=0.10eV in case of one atomic contact. It is clear
that the values of A and {2 are important factors in calculations.

log(Y)(arbitrary unit)

E-E(sV)

Fig. 15 The total transmission probability (—) and merit figure (ZT)
(_) of Csp molecule in logarithmic scale as a function of electron energy
for 2=0.010eV
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Also, Fig. 15 presents ZT;, and electrical conductance of C¢ in
the logarithmic scale for {2 =0.10eV. In case of one atomic
contact, the minimum value of ZT|, of Cg is equal to 8. 55 x
1077 for £2=0.10e¥ which is of order of that for £2=0.13eV.
As shown in Fig. 15, small ZTs occur only at the sides of
resonances of conductance, and Z7,, dramatically decreases at
exact resonance positions of conductance about Fermi energy.
In other words, combined effect of discreteness of molecular
energy levels and local interactions between electrons and
phonons are important in determining thermoelectric proper-
ties. Therefore, frequency of oscillations for Z7s corresponds
to frequency of phonon involved in the conduction process,
and polaron-type oscillations are somehow related to phonon-
assisted transport channels. With respect to contact types and
values of A and (2, the values of ZTs change in the interval
[0.322 x1077,0.194 x107°].

Undeniably, the energy-dependent oscillations of dimen-
sionless figure of merit and the thermoelectric properties of
molecules on both sides around the Fermi energy are due to the
fact that most of the current is carried by electrons with Fermi
energy. Overall, the mentioned phenomena are in association
with a combined effect of discreteness of molecular energy
levels and local interactions between electrons and phonons
(i.e., individual processes of phonon emission or absorption).

4 Conclusions

A theoretical analysis of inelastic and different contact geom-
etry effects on electron transport and thermoelectric properties
of Cgp in both linear and nonlinear response regimes have
been performed. The WB approximation and GFT-PT which
maps the many-body electron—phonon interaction problem
into a one-body multichannel single-electron scattering prob-
lem have been used in this work. The results present that the
transmission curves and the I-V characteristics calculated at
the single and multiple couplings to the electrodes can be
completely different due to the interference effects.

In addition, the influence of e—p interactions for the Cyg,
molecule is observed as the dramatic decrease in values of
transmission peaks, current and the electronic thermal con-
ductance. Besides, combined effect of discreteness of molec-
ular energy levels and individual processes of phonon emis-
sion or absorption of transport are important factors in ther-
moelectric and transport properties of the Cgo molecule.
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