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Abstract

A quantum transport in Cu/ TCNQ molecule liquid interface, the influence of reorganization energy coupling
matrix element, and temperature are studied. For the tunneling transport description, reorganization energy and rate
constant of electron transfer of Cu/ TCNQ molecule liquid interface system are calculated and the transmission through
interface are examined. A theoretical model based on the quantum system is depending to study the transfer across Cu
and TCNQ molecule. While on the interface system, classical reorganization energy equation using to evaluate the
electrons energy to reorientation before transfer, the transition rates are calculated using quantum transport formalism.
Our results data show that the rate constant Rgrincreases with the increasing of the coupling coefficient and

temperature, and decreasing of the reorganization energy E:L‘Lt :
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1- Introduction

Electron transfer (ET) reactions represent a simple
process which occurs in donor-acceptor system
molecules. The transfer of a single electron from an
atom or a molecule to another is considered to be the
most elementary chemical and biological reactions. In

general, reactions which involve the transfer of an
electron are called redox reactions [1]. In this reaction
an electron is transferred from an electron donor state
|@p) to an electron acceptor state|@,) , and a result a
charge separated state is created consisting of the
radical cat ion of the donor |@p*) and the radical anion
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of the acceptor|p~)[2], that may be written in formula

lop) + |@a) = |@p™) + QA7)

The excitation, which renders well defined redox
potential difference between two interacting species,
facilitates transfer of an electron to generate radical ions
. Electron transfer (ET) from a metal donor state to an
acceptor molecule state is one of the simplest
conceivable reactions, as chemical bonds are neither
formed nor broken. Electron such charge transfer
reactions are of vital importance to a variety of
processes in physics, chemistry and biology. For
example, homogeneous electron transfer is the primary
step in photosynthesis, and various chemical reaction
[3].Electron Transfer at molecule-metal interfaces is of
interest to many research fields. Examples include,
among others, photo catalysis surface photochemistry,
dye-sensitized solar cells (DSSCs), organic
semiconductor-based photovoltaic, and nanoscale
optoelectronics based on a single molecule or a small
group of molecules. Although this is focuses on
molecule-metal interfaces [4]. In addition to the
fundamental importance understanding ET dynamics at
the molecule Nano particle interface is also crucial to
the development of many Nano particle based devices
such as molecular [5]. Since the seminal work
predicting dynamical of ET reaction in the early 1980’s,
a great deal of theoretical effort has gone into clarifying
the dynamics of the electron transfer. In particular the
position of molecular energy levels relative to the metal
energy level and the size of the electron binding energy
are of key important for the change transfer across the
organic-metal interface [6]. The field of electron
transfer has been greatly advanced by the detailed
analytical theory in the past half century ago depending
on the standards Marcus theory and also by the
introduction of new technology, such as photochemical
initiation [7]. In this paper a theoretical description and
studied of electron transfer at Cu/7,7,8,8-
tetracyanoquinodimethaneTCNQ  molecule  liquid
interface and will be calculated theoretically the rate
constant for this transfer of electrons depending on the
results of reorganization energy and coupling matrix
element coefficient.

2- Mathematical model
For electron transfer between the

localized
t
guantum states for the donor state vector |L|JeD> and

t . .
acceptor state vector IqJ:) on solution side perturbs the
energy between the electrode of metal and molecule

AR B

liquid in solution and electron can tunnel to the acceptor
state as shown in figure (1).
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Figure (2-12): Schematic illustration of (a) model
potential of electron transfer at band probability at the Cu
/liquid[8],and (b) tunneling process[9].

Near equilibrium, the exchange of electrons occurs
mainly near the Fermi level, but a reduced species can
denote an electron to any empty level on the metal . The
probability of the electron transfer from a discrete metal
donor state to continuum molecule liquid acceptor state
have been given by [10].

(gt
mET‘ f [Hpa(E )| (4T[EmethT) exp o

met

—FpdEn-EE (1)

whereh is the Planck constant divided to 2=,
|Hpa(E)|? is the coupling coefficient between the
electronic state of the metal and the molecule of liquid

Eld s the reorganization energy ,kg is the Boltzmann

"“met

constant , T is absolute temperature ,and Fg) is the

Fermi-Dirac probability distribution of the electrons in
the electron metal-liquid interface and given by [11].

_E_
Fy = (1 + exp®et) L @

At the interface of metal/liquid system the probability
of electron transfer rate constant can be evaluated by

substituting Eqg.(2) in Eq.(1),and solvent the integration
Eq.(1) ,results[12].
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lid "4ue to the electron

met

The reorganization energy E
transfer reaction for metal/liquid interface is given
by [13].

g _ ¢ 1_1
Emet - SF{SOf[n’ E)(R ZD) (4)

where e is the electron charge, ¢ o is the vacuum
permittivity, D is the distance between the complex and
electrode, R is the radius of the molecule and f(n, €) is
the polarity function f(n, €) that given by.

f,e)= (- ®)

Where ¢ is the static dielectric constant of the solvent, n
is the refractive index of the solvent. The radius of the
molecule can be estimated from the apparent molar
volume using spherical approach [14].

M L

R= (5 (©

Where M is the molecular weight, N is Avogadro's
number, and p is the mass density.

3- Results and discussion

Theoretical description and studied of electron
transfer at donor—acceptor system pending on many
important parameter are dependent on many parameters
such that; transfer rate constant Rgr, reorganization

energy E:;‘}et, and electronic coupling coefficient

Hpa(0).

To known the behavior of electron across interface Cu/
Molecule liquid ,we can evaluated the rate of electron
transfer Rgpdepending on calculation of the

reorganization energyEEﬂst(eV) and the values of the
coupling coefficients Hpa(0)for metal and molecule

liquid .
One of the calculation of the reorganization
energyEg‘it(eV) ,that’s must be estimation radius for

Cu metal ,and 7,7,8,8-tetracyanoquinodimethaneTCNQ
molecule liquid from Eq.(6) by inserting the values of

Avogadro's constant N=6.02 x
1023 %,molecular weight M=204.19 g/mole[15],
and density p=1.358g/cm3[16] for 7,7,8,8-

tetracyanoquinodimethaneTCNQ molecule and M
=63.546g.mol™! |, and p = for8.92g.cm™3 for Cu
metal [17] in Eq.(6), we can estimate the values of

radii for metals and TCNQ molecule respectively.

'YY

Reorganization energies for Cu/ TCNQ molecule liquid
interface can be calculated according to Eq.(4) and
Eq.(5) ,with the values of the static dielectric constant €
, and optical dielectric constante,, ,for solvents from
Table (1), and radii estimation of the Cu metal and
TCNQ molecule ,result are tabulated in Table(2).

Table(1) : Common properties of organic solvent[17].

Solvent Refractive Dielectric
index[17] constant[17]

Methanol 1.3265 32.70
Acetunitnile 1.3416 37.50
Ethylenimine 1.4123 18.30
Fornicacid 1.3694 58.50
Propionitnile 1.3636 27.20
Ethyleneolamine 1.4513 12.90
Propanol-1 1.3837 20.33
Benzen 1.5011 2.28
Dimethylsulfoxidl 1.4773 46.68
Vale-onirile 1.3991 19.71

Table(2): The reorganization energy Eg‘it(ev) for
electron transfer at Cu/ TCNQ molecule interface

system.

Dielectric
constant[17]
3270
37.50
18.30
3850
27.20
12.90
2033
228
46.68
19.71

Refractive
index[17]
1.3265
1.3416
1.4123
1.3694
1.3636
14513
1.3837
1.5011
1.4773
1.3991

Solvent

fn,e)

IR eorganization energy

Methanol
Acetunitnile

0.5377
0.5289
0.4467
0.5161
0.3010
0.3972
0.4731
0.00519
0.4367
0.4601

0.6272538829325770
0.616981167307094
0.321082404658469
0.602101158733898
0.584458456514370
0.463390481490933
0.351872835445298
0.006062017835731
0.509504381151695

0.6272538829325770

Ethylenimine

Fomicacid

Propionitnile

Ethyleneolamine

Propanol-1

Benzen
Dimethylsulfoxidl
Vale-onirile

For next ,we can calculate the electron transfer rate
constant for Cu / TCNQ molecule liquid interface
system using EQ.(3) with a Matlab program and
substituting the reorganization energies data from
Table(2) , and the matrix element coupling coefficient
Hp,(0) =0.01115,0.01177,0.01239 ,and
0.01363eV [18], and temperature is taken depending
on experimental T= 250,300 ,and 350K ,results have
been summarized in Table(3).
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Table(3):Data of the rate constant calculation for electron transfer at Cu / TCNQ molecule liquid interface
with variety coupling coefficient H_DA (0) ,at T= 250,300 ,and 350K.

Rate constartR o (Sec’T) Rate constart® o(Sec’T) Rate constartM (SecT) at Rate constartR (SecT) at
at Hp,(0) = 0.01115 eV at Hp,(0) = 0.01177eV Hpa(0) = 0.01239 eV Hpa(0) = 0.01363eV
Solvent
T=250 T=300 T=350 T=250 T=300 T=350 T=250 T=300 T=350 T=250 T=300 T=350
= 107 = 107 = 107 = 10F = 107 = 107 x 10% = 107 » 107 = 107 ® 107 x 107
Methanol
334035 12242 3.1206 3.7224 13641 34873 4.1249 15116 3.8644 40018 1.8204 4.6766
Acetunitrile
3.7307 1.3402 33778 4.1571 1.4934 3.7639 4.6066 1.6549 4.1709 35.3748 2.0028 3.0475
Ethylenimine
10379 3.0063 6.8320 11.565 343502 76129 12.816 3.8233 2.4360 15.510 46269 1.0209
Fomicacid
43769 1.5277 37717 48772 1.7023 42028 3.4045 1.8864 4.6573 6.5403 22829 3.6361
Propionitnile
52873 1.7835 42967 5.8017 19873 47879 6.5287 22022 53036 7.9009 26651 64207
Ethyleneolamine
19.045 3.0798 1.0345 21222 3.6604 11.528 23.517 62725 12.774 28.460 7.5508 1.5439
Propanol-1
74859 23703 543587 23413 26413 6.0827 0.2435 20271 6.7404 11.186 3.5423 8.1571
EBenzen
43357.0 | 84548 14808 48312 94212 16500 33336 10439 1828.5 54788 12634 22128
Dimethylsulfoxidl
11.7311 34218 74208 13.072 3.8120 22790 14.485 432252 0.1742 17.530 5.1132 11.102
Vale-ommle
879519 2.7039 6.0971 9.7082 3.0130 6.7940 10.857 33388 7.5286 13.139 4.04035 9.1110

Our results show that the rate constant Rprincreases
with the increasing of the coupling coefficient and
temperature, and decreasing of the reorganization

energy E::lqet . A quantum transport in Cu/ TCNQ
molecule liquid interface and the influence of
reorganization energy coupling matrix element ,and
temperature are studied. Transfer of electron across Cu/
TCNQ interface system had been studied depending on
guantum transport theory . Many parameters influence
of these transfer such that: the reorganization energy
,coupling matrix element ,and temperature are studied .
Probability of electron transport Rgp(Sec™t) by the
tunneling due to the interface created between metal
and molecule in Cu/ TCNQ system depends on the

reorganization energy gld (eV), temperature and the

met
coupling coefficient |Hpa(E)|(eV) . Reorganization
energy Eg‘ét(eV) of the electron transfer should be
effected on the probabilities of rate constant
Rer(Sec™Vat metal/molecule system. It is evaluated
the electrons energy to reorientation before transfer
depending on classical reorganization energy equation
for Marcus under the physical concepts such as a
refractive index, and static dielectric constant for donor/
acceptor system. Results of the reorganization energy in
Table(2) for Cu/ TCNQ system is be effected by
polarity parameter for the solvent molecules. The

reorganization energy E:Lqet(eV) is large for large

polarity function and vice versa, this indicates that the
reorganization energyEg‘i_,t(eV) is a function for the
polarity of the solvent. On the other hand the rate

constant Rer(Sec Hvalues are large for system with

YYY

lest polarity function and increases with decreases of
the reorganization energy, this indicates that Benzen,
Ethyleneolamine ,and Dimethylsulfoxidl are  more
reactive towards Cu/ TCNQ system than others solvents
and electron transfer occur activity with less polarity
solvents. Next the controlling of the probability to
transfer of electron is the coupling coefficient matrix
element |Hpa(E)|(€V), that describe the overlapping
between of the wave functions for both Cu and TCNQ
state ,that’s taken in the range
Hpa(0) =0.01115,0.01177,0.01239 ,and
0.01363eV [18] for metal/molecule system depending
on the experimental data .At interface between metal
and molecule , the wave functions for metal and
molecule overlapping and electron can be transfer due
tunneling . However ,if the electron tunneling occurs,
the initial and final electronic states should have
approximated equal energies that happen under the
considering continuum of electronic states for the
metal/molecule system interfaces .These electronic
states are brought into resonance by fluctuations of
polar medium surrounding metal and molecule system
and this resonance is the transition state of electron
transfer reaction. From Table(3),we can show that , the
rate constant of electron in Cu/ TCNQ system is
increasing with increasing the coupling coefficient and
vice versa . Also ,we can find from data in Table (3) ,
the rate is increasing with increases of the temperature
this indicate that increasing temperature drive more
electrons to cross the tunneling at interface of the Cu/
TCNQ system. Data in Table (3) and Eq.(3) of the rate
constant for electron transfer show that the rate is a
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function of the temperature , and increasing temperature
make more electron to transfer . Furthermore, the

reorganization energyEﬁlqet(eV) temperature and the
coupling coefficient energy are the base of electron
transfer in Cu/ TCNQ system. Data of rate constant
depending on these parameters enable to understand the
idea of the behavior of electron transfer in

metal/molecule.

4- Conclusions

In summary the gquantum transport probability in
Cu/ TCNQ system depending on the reorganization

energy gld (eV), temperature(K) , and the coupling

met
coefficient |Hpa(E)|(eV) .Reorganization energy
El;qet(eV) of the electron transfer should be effected on

the probabilities of rate constant Rgr(Sec™1)at Cu/
TCNQ system. The rate constant Rgr(Sec™1) are large
for system with lest polarity function and increases with
decreases of the reorganization. Probability to transfer
of electron depends on the coupling coefficient scale of
the overlapping between the wave functions for both
Cu and TCNQ states that limited the transfer across
tunneling created between Cu and TCNQ . Rate
constant Rgrincreases with the increasing of the
coupling coefficient . The rate is increased with
increases of the temperature ,this indicate that the
increasing temperature drive more electrons to cross the
tunneling at interface of the Cu/ TCNQ system.
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