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Abstract 

A theoretical calculations of electron transfer at metals interfaces are performed to study the electron 

transfer for Ru - Co system at ,, ,and acetone solvents. This study is based 

on the assumption that metals have a continuum of donor's and acceptor's states .The rate of electron 

transfer,the reorganization energy  ,the enthalpy , the effective free energy, and coupling coefficient of matrix 

elements ,V, were calculated for the donor   Ru   and acceptor  in variety of solvents. The results 

show that the electron transfer in Ru  system at solvents is fast and efficient. Our calculations show 

good agreement with the experimentally observed results for metals complex.                            
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ثابت معدل الانتقال الالكتروني ، طاقة إعادة الترتيب  هذه الدراسة بنيت على أساس افتراض أن المعادن تمتلك حالات واهبة ومستقبلة مستمرة.
،قد حسبت للواهب روثونيوم)ترزبايردين( والمستقبل باستخدام  V، طاقة الانثالبي، الطاقة الحرة الفعالة، ومعامل الاقتران لعناصر المصفوفة، 

فعال وسريع. حساباتنا أظهرت  زبايردين( مع المذيبات هومذيبات مختلفة. النتائج أوضحت بان الانتقال الالكتروني في منظومة روثونيوم)تر 
 تطابقا جيدا مع النتائج العملية الملاحظة لمعقدات المعادن.

 

 

Introduction  
Photo induced electron transfer from a donor (D) molecules to an acceptor molecules (A) is responsible 

for an important class of chemical reactions [1]. Consider an organic light emitting device or field effect 

transistor (FET) ,a molecular switch is contacted by two metal electrodes substrate mediated surface 

photochemistry, and solar energy conversion on dye sensitized semiconductors[2]. All these processes involve 

electron transfer between a molecule and metal or semiconductor surface [2]. Electron transfer are the only 

reactions that proceed at a significant rates when the reactants are separated by long distance ( 10 0A ) 

[3].One of transferring type is the electron transfer at metals surfaces. Metals have a continuum of donor 

/acceptor states [4]. Whether electron transfer at metal solution interface is adiabatic or non adiabatic depends 

on the distance between the electrode and the redox agent in solution [4].Electron transfer reactions in 

supramolecular complexes are intended to mimic the basic steps in the photosynthetic process. All complexes 

are based on ruthenium (II)(trisbipyridine) as photo sensitizer, that covalently linked to electron donors or 

electron acceptors[5]. Ruthenium (II)(trisbipyridine) has been used in numerous investigations as a 

photosenzitizer during the last 30 years due to the very favorable photochemical properties. The absorbance in 

both the visible and UV regions is high .In the excited state, Ru is a good reduction as well as 

oxidant, and the lifetime is long enough to be used in bimolecular electron or energy transfer reactions[5]. In 

this paper we studied the electron transfer between excited states of ruthenium (II)(trisbipyridine) Ru

complex(electron donor) upon  acceptor such as Cobalt(III)-(polypyridyl) Co complex. 

                                                                                                                                
Theory 

In quantum mechanical models the Fermi golden rule, is often used to treat non adiabatic electron 

transfer [5]. When a continuum of a donor or acceptor levels is involved in the electron transfer, as is the case 

in a metal, the rate constant for electron transfer can then be written as[4]. 

=                           ………..    

Where ћ, is the Planck's constant, λ is the reorganization energies, V is the electronic matrix elements of 

the coupling coefficient,   is the Boltzmann constant, and T, temperature.  

The reorganization energy λ is the energy required to move the reactant to the equilibrium positions of 

the product without transferring the electron [6]. λ is expressed as the sum of the solvent independent term,   

,  and the solvent reorganization energy   [7]. 

  is the energy required to modify the molecular structure of the reactant molecules to form the 

products and  is the energy required to reorganize the solvent from its reactant-solvating configuration to its 

product-solvating configuration without actually allowing the electron transfer to occur [7]. 

Normally, for rigid molecules and in polar solvents, the contribution of  to the total λ is minor, with 

typical values of 0.2eV for  [6].The solvent reorganization energy  , is given by [8]. 
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=                        ……….     

   Where ,is the vacuum  permittivity,  is the static dielectric constant of the solvent, is the optical 

dielectric constant, ,and ,are the donor and acceptor radius respectively, and ,is the sum ,and . 

The free reaction enthalpy for reduction of acceptor and donor can be estimated from the Gibbs 

energy parabolas with the electron transfer absorption maximum that is given by formula [9]. 

       =                                               ………….  

Where  is the maximum absorption energy,  is absorption frequency. 

The driving free energy change for any chemical reaction is the difference in the energy of the products and 

the reactants [10].The free energy surfaces  for electron transfer reaction may be determined from [9]. 

                                                   ………..   

Where is the triplet energy of donor and, , can be determined by the Weller equation[9]. 

 )  ………..                                                                                                      

Here, and  are the one electron electrochemical oxidation and reduction potentials of donor and 

acceptor, respectively and e is the electronic charge. 

One of most important factor is the electronic coupling V, that describe the electronic coupling between the 

reactant and product state [6]. Depending on the magnitude of the electronic coupling between the donor and 

the acceptor, the electron transfer reaction can be classified as adiabatic or non adiabatic [6]. For a non 

adiabatic reaction, the probability of crossing over from the reactant state to the product state is relatively 

small, and the crossing is considered as a sudden event [6]. 

The coupling coefficient V, depends on the donor and acceptor distance, and the distance dependence of V is 

exponential and given by [11]. 

                     …………..                             

Where  is the edge to edge distance between Ru   and Cobalt (polypyridyl) Co acceptor,

 is the value of V at  ,and  is exponential distance decay  constant that is sensitive to the 

composition of the medium separating the electron donor and acceptor . 

 

Results 
We have applied a quantum model of a weak interacting electron in anon adiabatic electron transfer 

between metals ions in solvents. To calculate the rate of electron transfer constant  by using equation , 

we have first obtained, the solvent  and  inner reorganization energies. The solvent reorganization energies 

 for Ru  and Co  system in polar solvent was determined from equation ,by 

substituting the value of static  and optical dielectric   for  solvents from table(1) 

,with the accurate values of radius  ,  ,  are taken from  literature[12],the 

results are listed in table(1) .So the total reorganization energy λ are calculated using equation (2) ,with typical 

value of   eV for most organic complex molecule[6]. 
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By using the above estimates for  and the  obtained from the fit of the absorption spectrum data[5],the 

enthalpy energy  can be determined from expression[4] ,the result of  for Ru - Co  

system in polar solvent the results are summarized in table (2). 

 Next, we can estimate values of free energy   which play important role in electron transfer for Ru

- Co  system in polar solvents.  may be calculated by inserting values of  from 

table(2) and the triplet energy of donor  =2.1eV [10]. The resulting free energy are given in table (3). 

We have used the exponential distance expression to estimate the electronic coupling between pairs of donor 

and acceptor states.  In this approach, the electronic coupling is estimated by equation (7) for some values of 

0.75 β 1.4A [3] with typical value of =200 [11], these results are summarized in table (4). By 

substituting values of reorganization energy λ and coupling matrix element from table (1) and (4) in 

expression (1), we have obtained the rate of electron transfer constants, the results are listed in table (5). 

 

Discussion 
Table (1) shows the reorganization energy λ (eV) which increases for Ru -  system at 

solvent has large dielectric constant while λ decreases for the system at solvent has small dielectric constant. 

Result in table (1) shows large value λ(eV) for Ru - Co  at   solvent ,because of 

high value of dielectric constant =37.5 ,but it is small for the Ru - Co  at acetone solvent 

that has small dielectric constant =20.7, this indicate that in polar solvents, the orientation of the solvent 

dipoles produce the main contribution to  [13].The reaction enthalpy at the reduction of the Ru by 

Co  were calculated with the aid of equation (4) .Results of these calculations show that  for Ru

- Co  system at acetone solvent is larger than for system at  and  solvents, 

this indicates that the mode of the reaction pathway of electron transfer length wave, i.e., the rate of electron 

transfer constant increases with increasing mode frequency because high frequency tunnel takes place more 

easily than do in low frequency. The most important factors controlling the rate of electron transfer constant is 

the electronic coupling term V, which describes the overlap of the donor and acceptor states. We can see from 

results in table (4) and expression (7) that it is dependent on the donor and acceptor distance. 

This can be understood by the fact that the electronic wave functions in the donor and acceptor molecule 

extends over distance and hence the overlap should be distance dependent. The value of β varies depending on 

the nature of the intervening medium between the donor and acceptor. At large distance from the nucleus, the 

electronic wave functions decay exponentially on the distance, this has been found experimentally[6].Table(5) 

shows the rate of electron transfer constant decreases with decreasing of the coupling value V, that’s mean 

where the donor acceptor separation increases the  coupling coefficient decreases and vice versa. Large value 

of β indicates large tunneling energy between donor and acceptor and small coupling coefficient. Table (5) 

shows that the rate of electron transfer constant results of Ru - Co  system at ,

 , and acetone solvents . From result we can see  that the value of  for Ru - Co  

system at acetone is larger than  at both ,  solvents , this indicate the  value 

depending on V and λ ,the  increasing with increasing the coupling coefficient V,that the distance between 

donor acceptor is small and the electron transfer crossing the overlap between the wave functions of donor 

and acceptor is most probable . 
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Conclusions 
        This paper presents the application of an electron transfer theory to calculate the rate of electron transfer 

constant and other parameters for Ru - Co  complex at ,  and acetone 

solvents. Under this theory, we assume that metals have a continuum of donor/acceptor states. 

The solvent and total reorganization energies are calculated for Ru - Co  system at solvents. 

The solvent reorganization energy increases for the system at solvent has large dielectric constant  and 

decreases for the system at solvent has small  , this indicate in polar solvent the orientation of the solvent 

dipoles produce the main contribution to λ . The enthalpy energies are obtained as function of the 

reorganization energies λ and absorption energy  .Result of shows large value at acetone than for 

system at other solvents, this indicate that the mode of the reaction pathway of electron transfer change 

depending on solvents. The energy surface results show that  decreases with increases  and length wave, 

i.e.,  increases with increasing mode frequency indicate high frequency tunnel more easily than do low 

frequency. The electronic coupling coefficients, are calculated for system at variety solvents, this calculation 

shows increasing V, where the donor acceptor separation β increasing and vice versa. The rate of electron 

transfer constants are obtained as functions of the reorganization energy λ , and the coupling coefficient V. 

The rate of electron transfer constant increases with increasing the coupling coefficient, V, where the distance 

between donor acceptor is small and the transferring of electron transfer crossing the overlap of the wave 

function of donor- acceptor is most probable. 

 

 
 

 

 

 

solvent 
Refractive 

index(n) 

Dielectric 

constant ( ) 

(static) 

Solvent 

reorganization 

energy (eV) 

Total reorganization 

energy(eV) 

 1.134 37.5 0.886 1.086 

 1,329 33 0.633 0.833 

Acetone 1.3563 20.7 0.585 0.785 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (1): The solvent properties and solvent , and total λ reorganization energies 

for Ru donor acceptor. 
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Wave 

length(nm) 
Energy (eV) 

(eV) (eV) (eV) 

At acetone   
400 3.094 2.309 2.008 2.261 

450 2.75 1.965 1.664 1.917 

500 2.475 1.690 1.381 1.642 

550 2.250 1.465 1.164 1.417 

600 2.0625 1.276 0.977 1.230 

650 1.904 1.119 0.818 1.071 

700 1-768 0.983 0.682 0.935 

750 1.650 0.865 0.564 0.617 

800 1.547 0.762 0.461 0.714 
 

 

 

 

 

  Wave 

length(nm) 

Energy (eV)  (eV)  at 

acetone 

(eV)  at     

 

 (eV)  at 

 

     

400 3.094 0.209 -0.092 0.161 

450 2.75 -0.135 -0.436 -0.183 

500 2.475 -0.410 -0.711 -0.458 

550 2.250 -0.635 -0.936 -0.683 

600 2.0625 -0.822 -1.123 -0.870 

650 1.904 -0.981 -1.282 -1.029 

700 1-768 -1.117 -1.418 -1.165 

750 1.650 -1.235 -1.536 -1.283 

800 1.547 -1.338 -1.639 -1.386 

 

 

 

 

 

  Β   (eV)   

o.75 0.02380 192.01173 

1 0.02348 189,42052 

1.25 0.02316 186.86462 

1.4 0.02297 185.34712 

 

 

Table (2): The free reaction enthalpy energy  (eV) for Ru donor 

acceptor at ,  , and acetone solvents. 

 

Table (3):The free energy   (eV)  for Ru donor acceptor at     

,  , and acetone solvents. 

Table(4): The coupling matrix element factor V(eV) for Ru donor 

acceptor at   ,  and, acetone solvents. 
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Β  
(eV) ( ) at

 

( ) at

 

( ) at 

acetone 

o.75 0.02380 1.7763  3.07222  4.23623  

1 0.02348 1.71613  2.96982   4.09503  

1.25 0.02316 1,67241  2.89416  3.99070  

1.4 0.02297 1.64357  2.84426  3.92190  

Table(5):Rate of electron transfer constant  ( ) between Ru donor 

acceptor at ,  , and acetone solvents. 


