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Abstract 
The focus of this paper is on the investigation and the understanding theoretically of the effect of the polarity on the transition of 
electron at the nano devices  metal/molecule interface depending on quantum picture. Reorganization energy (eV) of the 
electron transfer should be effected on the quantum transport probabilities of rate constant at metal/molecule  system 
and the rate constant  are large for system with lest polarity function and increases with decreases  of the  reorganization energy. 
A different solvents has been clearly shown to influence on the probability of electron transfer, all these results are very important 
to address future investigations in the Nano scale field . Data of  the probability of transition is increases with increases of the 
temperature, this indicate, increasing temperature drive more electrons to cross the tunneling at interface  at the metal/molecule  
system.  
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Introduction  
        Electron transfer reactions represent a simple process which occurs in donor-acceptor system molecules [1]. An 
electron transfer reaction may occur between an electrode and molecule or ion (heterogeneous) or between two molecule 
or ions (homogeneous and bimolecular ) or between the two constituents of the same molecule or ion (homogenous and 
unimolecular ) [2]. Electron transport at the Nano scale is remarkably essential to many processes in nature and is 
therefore an important subject in scientific disciplines such as biology, chemistry, and physics. 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 Nano scale 
optoelectronics based on a single molecule or a small group of molecules [3].  
          Rudolph Marcus described electron transfer between two states, a model which was the basis for the classical 
theory of electron transfer .Latter, this model was extended to describe electron transfer from a single donating state to a 
continuum of accepting state[4].  Understanding transport across the interface between the active organic molecule and 
the metallic electrode has proved particular challenging, especially in the single molecule limit. Electron transfer between 
a molecular and a metal surface is a ubiquitous process in many chemical disciplines, ranging from molecular electronics 
to surface photochemistry. This problem has been probed recently by photoemission spectroscopy. The photon excites an 
electron from an occupied metal state to an unoccupied molecular resonance. Subsequent evolution of the excited 
electronic wave function is probed in energy, momentum, and time domains by the absorption of a photon. [5]. Research 
in the field of nanotechnology is fueled by the possibility of tailoring the fundamental properties of materials with 
simplification of processing and assembly of devices. The change in properties arises from quantum confinement effects, 
where the properties of a material become size dependent [6].  
      The ability to control the particle size and morphology of nanoparticles is of crucial importance nowadays both from a 
fundamental and industrial point of view, considering the tremendous amount of high-technology applications of 
nanostructured material devices such as dye-sensitized solar cells , displays and smart windows , chemical , gas and 
biosensors , lithium batteries , and super capacitors. Indeed, further development, improvement, and optimization of such 
devices will be reached provided that better fundamental understanding of their fascinating and unique physical 
properties and electronic structure where quantum mechanics prevail will be available, as well as a better match between 
the materials design and the required device applications for the sake of miniaturization and performance[7].  
Theory 
     The probability of electron transfer rate constant at metal /molecule nano  devices interface system that given by [8] 

Influence of The Polarity Function on the 
Probability of Transition  Rate Constant (sec-1) 

At Metal/Molecule In Nano Scale  Devices 
 

Hadi Jabbar Al-Agealy1 Taif  Saad Al Maudhady2 
 

1Dept. of Physics / College of Education for Pure Science  (Ibn Al-Haitham) University of Baghdad 
2Al Turath College 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org  

Volume 3, Issue 5, May 2014   ISSN 2319 - 4847 
 

Volume 3, Issue 5, May 2014 Page 504 
 

  

…………………………………………………………. (1) 
Where   is the Plank constant , (eV) is the reorganization energies  (eV), T(K) is the temperature , and 

 is the square of the coupling coefficient . 
The electron transport  reaction from donor state to an acceptor state can be occurred when a light is incident on the 
donor/ acceptor system, and the driving force energy for electron transfer that needed to drive an electron to transfer is 
given by [9].  

 
        Where is the absorption energy by electron,  is the frequency,  where c is the velocity of light ,  is the 

wave length and  is the reorientation energy. 
       The reorganization energy due to electron transfer reaction for a redox active at metal electrode interface is given by 
[10]. 
             ………………………………..… (3) 

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  is the polarity function  that given by. 
       ……………………………………………. (4)  

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 [11]. 
         ………….……………………………….……. (5) 

  where M is the molecular weight, N is Avogadro's number, and   is the mass density. 
Result 
A theoretical calculation  based on the quantum system  for metal/molecule nano devices have been study  depending on 
the probability of transfer across metal molecule interface system.The probability of transition rates at 
metal/molecule system are calculated using quantum transport formalism in Eq.(1) due to the reorganization energy 

 , coupling coefficient  for metal and molecule state , and temperature T respectively .  
  Amore important parameters effect on the probability of transfer at metal/molecule interface is  the reorganization 
energy (eV) .It is required to reorientation of the system before transfer, to initial transfer process and effect on  the 
coupling matrix element , the driving force energy , associated with electron  transfer , barrier potential 
height  for the tunneling  electron transport . All  these parameters are calculated with the transmission 
probability of rate constant of electron transfer at metal/molecule interface system.  
         One of the elementary steps to calculation of the reorganization energy , that’s must be estimation radius 
for donor state  Cu metals and 7,7,8,8-tetracyanoquinodimethane (TCNQ) ,  and N,N’-bis(2,5-di-tert-butylphenyl) -
3,4:9,10-perylenebis (dicarboximide) for acceptor molecules state  using spherical approach expression in Eq.(5) . By 
inserting  the values of Avogadro's constant ,molecular weight M, and density masses  for all 
metals and molecules from tables(1) in Eq.(5), we can evaluated the  values of radii of  Cu metal and two molecules 
respectively., data of the evaluation are  shown in the table (1). 

Table 1:Properties of materials and result of radii calculated of molecules and metals material . 
 

Material type  
Molecule weight    
(  

Density 
    

Calculated radius 
D(Ao) 
 

Cu metal 63.546 [12] 
 8.92 [12] 1.41342889 

7,7,8,8-tetracyanoquinodimethane 
(TCNQ)  204.19[13] 1.358 [14] 3.906109457 

N,N’-bis(2,5-di-tert-butylphenyl) -
3,4:9,10- perylenebiz (dicarboximide) 

    
 

 767.0  [15] 1.242[16] 6.255433792 
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After  ,we can be calculation the reorganization energy for Cu / 7,7,8,8-tetracyanoquinodimethane (TCNQ) and Cu / 
N,N’-bis(2,5-di-tert-butylphenyl) -3,4:9,10- perylenebiz (dicarboximide) interface systems using an expression in Eq.(3)  
with a Matlab program and substituting, the values of accepter radius , dielectric constant  ,optical dielectric 
constant  ,for solvents from table (2) and assume the distance  between center to center for donor and 

acceptor, knowing that , results of data for reorganization  energies have been summarized  in tables (3 to 4) 
for Cu/ 7,7,8,8-tetracyanoquinodimethane (TCNQ) ,and Cu/ N,N’-bis(2,5-di-tert-butylphenyl) -3,4:9,10- perylenebiz 
(dicarboximide) 

 
Table(2) :Common proberties of organic solvent [12]. 

  
Table 3:Our results of the reorganization energy  for electron transfer at Cu/ 7,7,8,8-tetracyanoquinodimethane 

(TCNQ) molecule interface system. 
 

 
Table 4:Our results of the reorganization energy  for electron transfer at Cu/ N,N’-bis(2,5-di-tert-butylphenyl) -

3,4:9,10- perylenebiz (dicarboximide)  molecule interface system. 
 

 

Dielectric constant( ) Refractive index(n) Solvent 

32.70 1.3265 Methanol 
37.50 1.3416 Acetonitrile 
18.30 1.4123 Ethylenimine 
58.50 1.3694 Fornicacid 
27.20 1.3636 Propionitnile 
12.90 1.4513 Ethyleneolamine 
20.33 1.3837 Propanol-1 
46.68 1.4773 Dimethylsulfoxidl 
19.71 1.3991 Valeonirile 

  Reorganization energy Dielectric constant       
t 
      index[12]            

Refractive 
 index[12] 

 Solvent 

0.366499324677880  32.70 1.3265 0.5377    Methanol 
0.360497060775191 37.50 1.3416 0.5289    Acetunitnile 
0.304464196404795 18.30 1.4123 0.4467    Ethylenimine 
0.351802793204011 58.50 1.3694 0.5161    Fornicacid 
0.341494306282183 27.20 1.3636 0.5010    Propionitnile 
0.270755276531050 12.90 1.4513    0.3972    E   Ethyleneolamine 
0.322454793827891 20.33 1.3837 0.4731    Propanol-1 
0.297699251759895 46.68 1.4773 0.4367           

Dimethylsulfoxidl 
0.313606749402629 
 

19.71 1.3991 0.4601    Vale-onirile 
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Next ,we evaluation of the probability of electron transition dependent on the calculation of the reorganization 
energy , electronic coupling coefficient (eV) coefficient and temperature T (K). The rate constant of ET 
can be calculated using expression in  Eq.(1) by inserting the reorganization energy for two for Cu/7,7,8,8-
tetracyanoquinodimethane (TCNQ) ,and Cu/N,N’-bis(2,5-di-tert-butylphenyl) -3,4:9,10- perylenebiz system from 
tables(3-4) ,and using the coupling coefficient ( , ,  ,and   using transform 
parameter [17].) ,for many values of temperature (300-330 K),results are summarized in tables(5-6) for Cu/7,7,8,8-
tetracyanoquinodimethane (TCNQ) ,and Cu/N,N’-bis(2,5-di-tert-butylphenyl) -3,4:9,10- perylenebiz (dicarboximide) .  
.Data of probability of transmission at nano system enable gate all information about all electrical properties of Nano 
devices through knowing the values of rate constant for Cu/7,7,8,8-tetracyanoquinodimethane (TCNQ) ,and Cu/N,N’-
bis(2,5-di-tert-butylphenyl) -3,4:9,10- perylenebiz (dicarboximide) respectively with  variety solvents. A MATLAB 
version 6.5 program has been used for calculations the reorganization energy, and the probability of rate constant of ET 
using Eq.(3),and Eq.(1) for two systems.  
 
Table 5: Theoretical data results of electron transfer rate constant ( Sec-1) for Cu/7,7,8,8-tetracyanoquinodimethane 
(TCNQ)  

Rate of electron transfer  ×109(sec-1) 
T=330K T=320K T=310K T=300K Solvent 

 eV  eV  eV  eV  eV  
eV 

 
eV 

 
eV 

 
eV 

 
eV 

 
eV 

 
eV 

 
eV 

 
eV 

 
eV 

 eV  

3.32 2.74 2.47 2.22 2.75 2.27 2.05 2.73 2.25 1.86 1.68 1.51 1.82 1.51 1.36 1.22 
Methanol 

3.60 2.97 2.68 2.41 2.99 2.47 2.23 2.97 2.46 2.03 1.83 1.64 2.00 1.65 1.49 1.34 
Acetunitnile 

7.64 6.31 5.70 5.11 6.53 5.39 4.87 6.57 5.52 4.56 4.12 3.69 4.62 3.82 3.45 3.09 
Ethylenimine 

4.05 3.34 3.02 2.71 3.38 2.79 2.52 3.36 2.79 2.31 2.08 1.87 2.28 1.88 1.70 1.52 
Fornicacid 

4.65 3.84 3.47 3.11 3.91 3.23 2.91 3.90 3.24 2.68 2.42 2.17 2.66 2.20 1.98 1.78 
Propionitnile 

1.19 9.85 8.89 7.97 1.03 8.55 7.71 1.05 8.90 7.35 6.64 5.95 7.59 6.27 5.66 5.07 
Ethyleneolamine 

6.01 4.97 4.48 4.02 5.09 4.21 3.79 5.10 4.27 3.53 3.18 2.85 3.54 2.92 2.64 2.37 
Propanol-1 

8.36 6.91 6.23 5.59 7.16 5.92 5.34 7.22 6.08 5.02 4.53 4.07 5.11 4.22 3.81 3.42 
Dimethylsulfoxidl 

6.77 5.59 5.04 4.53 5.75 4.75 4.29 5.78 4.85 4.00 3.61 3.24 4.04 3.33 3.01 2.70 
Vale-onirile 

 
Table 6: Theoretical data results of electron transfer rate constant ( Sec-1) for Cu/ N,N’-bis(2,5-di-tert-butylphenyl)-

3,4:9,10-perylenebis(dicarboximide) 
Rate of electron transfer  ×109(sec-1) 

T=330K T=320K T=310K T=300K Solvent 
 

eV 
 

eV 
 

eV 
 

eV 
 

eV 
 

eV 
 

eV 
 

eV 
 

eV 
 

eV 
 

eV 
 

eV 
 

eV 
 

eV 
 

eV 
 

eV 
 

2.68 2.46 2.03 1.83 1.64 2.39 2.19 1.81 1.63 2.25 2.12 1.94 1.60 1.44 1.30 1.86 Methanol 

2.80 2.57 2.12 1.91 1.72 2.50 2.29 1.89 1.71 2.36 2.22 2.03 1.68 1.51 1.36 1.95 Acetunitnile 

4.19 3.83 3.16 2.85 2.56 3.80 3.47 2.87 2.59 3.61 3.42 3.13 2.59 2.33 2.09 3.07 Ethylenimine 

2.99 2.73 2.26 2.04 1.83 2.67 2.45 2.02 1.82 2.52 2.38 2.17 1.80 1.62 1.45 2.10 Fornicacid 

3.22 2.94 2.43 2.19 1.97 2.89 2.64 2.18 1.97 2.73 2.58 2.36 1.95 1.76 1.58 2.28 Propionitnile 

5.28 4.83 3.99 3.60 3.23 4.83 4.42 3.65 3.29 4.61 4.40 4.02 3.32 3.00 2.69 3.98 Ethyleneolamine 

3.69 3.37 2.79 2.51 2.26 3.33 3.04 2.51 2.27 3.15 2.99 2.73 2.26 2.03 1.83 2.66 Propanol-1 

4.39 4.01 3.32 2.99 2.68 3.99 3.65 3.01 2.72 3.79 3.60 3.30 2.72 2.46 2.20 3.23 Dimethylsulfoxidl 

3.93 3.59 2.97 2.68 2.40 3.55 3.25 2.68 2.42 3.37 3.19 2.92 2.41 2.18 1.95 2.85 Vale-onirile 

 
Discussion  
Probability of electron transfer interactions at metal/molecule interface system should be effected by polarity parameter for 
the solvent molecules through depending on the reorganization energy in Eq.(3). Results of the reorganization energy in 
tables (3 to 4) for Cu/ molecule systems are be effected by polarity parameter for the solvent molecules. The 
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reorganization energy (eV) is large for large polarity function and vice versa, this indicates that the reorganization 
energies (eV) are dependent on the polarity function for system. 
The probability of electron transfer across the interface created between metal and molecule in solvent system 
depends and proportional on the reorganization energy (eV) that provided support to electron transfer. 
Reorganization energy (eV) of the electron transfer have been limited the values of these probabilities of rate 
constant at metal/molecule system. For two systems Cu/molecule with solvents system have been used such 
that Methanol, Acetunitnile, Ethylenimine, Fornicacid, Propionitnile,  Ethyleneolamine Propanol-1 Dimethylsulfoxidl 
and Valeonirile are listed in table (2) . 
The most important parameter that has an influence on the rate constant  of electron transfer at 
metal/molecule interface is the polarity function that limited the reorganization energy. 
Since the rate constant values are large for system with lest polarity function and increases with decreases of 
the reorganization energy, this indicates that Ethyleneolamine, and Dimethylsulfoxidl are more reactive towards Cu/ 
molecule systems than others solvents and ET occur activity with less polarity solvents. 
The values of the reorganization energy (eV)for Cu/TCNQ systems are less than that of the Cu/N,N (dicarboximide) 
systems with solvent especially Ethyleneolamine solvent, this is because of Ethyleneolamine have less polarity function 

 with  small , and large of [12]. That means that , when the polarity function is 
large lead to large  reorganization energy and vice verca ,and the reorganization energy (eV)values for metal / 
molecule system increasing  with the increase of the dielectric constant and polarity function for the system  and leads to 
decreases in probability of transition rate as compared with the system that have small reorganization energy 

(eV),because the system has small value of reorganization energy (eV)more orient to transfer of electron. Also 
,the most technical dictionaries define a "dielectric" as a material of low electrical conductivity which becomes polarized 
under an applied electric field [18] . Also, when the metal/molecule system have small dielectric constant, the 
reorganization energy (eV) is small, this indicates that the increments of the transition probability rate of ET in 
metal/molecule system have small reorganization energy (eV) as compared with metal/molecule system which have 
large reorganization energy (eV) with the same as solvent that’s shown from tables (3) to (4) alternatively. This 
indicate that the activated energy for electron by light divided to the reorganization energy (eV) and driving force 
energy  . It is  refers to the energies needed to reconfiguration metal/molecule system to prepare the transfer 
processes  and when the system has small reorganization energy (eV) to the reorientation lead the system to have 
more energy to driving more electron across the interface hat formed between metal and molecule. 
Since the metal/molecule system  with solvent have large polarity function possesses more reorganization energy 

(eV) and small transition rate constant than the solvents have lower polarity function has large transition rate 
constant as shown in tables (3) to  (4) . Notably, the dynamic of the reorganization energy  is polarity function 
dependent as viewed from tables (3) to (4). 
       On the other hand, there is an increases in the refractive index for solvent leads to decreases in the reorganization 
energies (eV)for the  metal / molecule systems ,this indicates that refractive index cooperation with dielectric 
constant for polarity function  that’s shown as in tables(3) to(4) for the solvent Ethyleneolamine n=1.45, 
Dimethylsulfoxidl n=1.47 ,and Ethylenimine n=1.41. The reorganization energy results indicate a higher uniformity 
orientation of molecular with respect to the metal surface in system.  Data of the transition rate constant in tables(5 to 6) 
and the energy of reorganization in table (3 to 4 ) lead us to conclusion that is more range polarity function reduces the 
reorientation of the donor metal about acceptor molecule that needs more energy and vice verca.  
 
It has been observed from tables (3) to (4) that when the refractive index of acceptor molecule is large leads to small 
energy to reorganization for system and large rate of transfer (see tables (5) to (6). 
In summary, the number of electron transfer across interface of Nano devices depending on the reorganization energy and 
energy have to driving to cross from donor to acceptor state. 
Conclusion  
Probability of rate constant for electron transfer in Nano scale devices system have been studies theoretically depending 
on quantum picture.A theoretical calculation of the Probability of transfer at metal/molecule interface Nano scale system 
depending on the reorganization energy, temperature and the coupling coefficient.  
      According to the present results that have been discussed several conclusions can be mentioned. One of most 
important ones may summarized  follows:- 
1- The rate constant of electron transfer  at metal/molecule system results have been enabled  us to elaborated and tested 
the system have its advantage to use or not in many applied physical through of calculation the probability of electron 
transition . 
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2- Reorganization energy (eV) of the electron transfer should be effected on the quantum transport probabilities of 
rate constant at metal/molecule  system and the rate constant  are large for system with lest 
polarity function and increases with decreases  of the  reorganization energy. 
3- The use of different solvents has been clearly shown to Influence on the probability of electron transfer, all these results 
are very important to address future investigations in the Nano scale field  
4- Probability to transfer of electron depends on the coupling coefficient scale of the overlapping between of the wave 
functions for both metal and molecule state that limited the transfer across tunneling created between metal and molecule. 
Rate constant increases with the increasing of the coupling coefficient. 
5- The rate of probability of transition is increases with increases of the temperature, this indicate, increasing temperature 
drive more electrons to cross the tunneling at interface  at the metal/molecule  system. 
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