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Theoretical Treatment for Electron Transport throughout 

Benzene Ring Model 

 معانجة وظرية نىقم الإنكترون خلال وموذج حهقة انبىزيه

 
 و.و.لافً فسج انجدزي وأ.د. جُبٌ يجٍد انًخ وأ.د.شبكس أثساهٍى عٍسى

 جبيعخ انجصسح\كهٍخ انزسثٍخ نهعهىو انصسفخ\قسى انفٍصٌبء
 

 

Abstract    
In this paper we present our theoretical treatment for electron transport through benzene ring 

attached to donor and left lead in the left side, while in the right side it is attached to acceptor and 

right lead. Our treatment is based on the time-dependent Anderson – Newns Hamiltonian. The 

equations of motion are derived for all subsystems then the steady state is considered to obtain 

analytical expression for the transmission probability as a function of system energies. The 

subsystems eigenvalues, the coupling interaction between them as well as the leads band width all 

are taken into consideration and highlighted. We concluded that the variation of contact's position 

of the acceptor with the benzene ring may have great effects on the electronic transport properties of 

molecular devices because of quantum interference.  

 انمهخص
َقدو فً هرا انجحث يعبنجزُب انُظسٌخ نُقم الإنكزسوٌ خلال حهقخ ثُصٌٍ يسثىطخ إنى واهت وقطت أٌسس فً انجبَت الأٌسس، 

ٍَىَس انًعزًد عهى انصيٍ. –ثًٍُب فً انجبَت الأًٌٍ فهً يسثىطخ إنى قبثم وقطت أًٌٍ. يعبنجزُب أسسذ عهى هبيهزىٍٍَ أَدزسىٌ 

جصاء انُظبو ثى أعزجسد انحبنخ انًسزقسح يٍ أجم انحصىل عهى رعجٍس رحهٍهً لأحزًبنٍخ انُفبذٌخ رى أشزقبق يعبدلاد انحسكخ نكم أ

كدانخ نطبقبد انُظبو. رى الأخر ثُظس الأعزجبز انقٍى انرارٍخ لأجصاء انُظبو ورفبعم الأشدواج ثٍُهب فضلاً عٍ عسض حصيخ الأقطبة . 

ٍ قد ٌكىٌ نه رأثٍساد عظًٍخ عهى خىاص َقم الأنكزسوٌ نلأجهصح انجصٌئٍخ ثسجت َسزُزج أٌ رغٍٍس يىقع زثظ انقبثم يع حهقخ انجُصٌ

 انزداخم انكًً.        

 

1- Introduction 

 
Among recent developments, devices using single molecules as nanoscale conductors have 

attracted great attention. Many theoretical and experimental studies have been reported concerning 

the molecular devices, because of expected exotic properties particular to small molecules, which 

are considered to be an ultimate goal in the miniaturization of electronic devices [1,2]. Therefore, an 

understanding of the electron transport properties through a single molecule is indispensable to 

develop a single molecular device [2]. The contact details at the electrode–molecule interface may 

have great effects on the electronic transport properties of molecular devices [3,4]. Among features 

of the electron transport properties is quantum interference of electronic waves associated with the 

geometry of the bridging system [1]. 

Interference effects have been the subject of extensive research [5]. The appearance of quantum 

interference in the microscopic world is one of the deepest mysteries at the very root of quantum 

mechanics [6]. Interference is one of the fundamental properties of quantum systems. Mesoscopic   

systems have provided a useful ground to study quantum interference phenomena since the 

pioneering experiments [7]. A distinctive feature of electron tunneling through quantum dots is the 

retention of the quantum phase coherence. For this reason, multiple connected geometries involving 

quantum dots exhibit quantum interference phenomena, such as the Fano effect [1], which arises 

from the interference between a discrete state and a continuum [8]. The reduction of size in the 

electronic devices to nanometer scale has highlighted the importance of the effects of quantum 

coherence and interference. The control of such effects is important to provide both a better 
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understanding of the quantum realm as well as new functionalities to the circuits. Quantum 

interference allows to enhance or to cancel, total or partially, the response of the system beyond the 

simple classical additive behavior. Such an effect can pose a problem to be avoided but also could 

provide new capabilities to the device with respect to its classical counterpart [9]. 

Among mesoscopic conductors, ring shaped devices [10] (often called quantum rings) are intensely 

studied due to their ability to show various types of quantum interference phenomena, such as the 

well-known Aharonov-Bohm effect [11,12,13], when the wave function of a charged particle 

passing around a magnetic flux experiences a phase shift as a result of the enclosed magnetic field. 

The interference is produced by electrons which travel coherently along the two arms of the ring. 

Part of the electrons may suffer inelastic collisions along their motions.  

 The Aharonov-Bohm effect occurs when charge carriers are passed through a ring, where two 

separate paths of almost equal length are possible for these carriers. As they meet at the other side 

of the ring, if the distance traversed is less than the coherence length, interference effects appear as 

a function of magnetic field [5]. 

In this work, we will present our theoretical treatment to formulate expression for the electron 

transport throughout benzene ring model to study and calculate the electronic properties for the 

considered system. So, all the system eigenvalues and coupling interactions are taken into 

consideration to give obvious view for the system dynamics. In this paper, we investigate the 

quantum interference effect mechanism by performing quantum transport calculations for benzene 

ring model threaded by an Aharonov-Bohm (AB) flux. 

 

 

2- Theory 
 

In this work, the considered system is left lead-donor-benzene ring-acceptor-right lead, where 

the benzene ring model consists of six quantum dots. General formula for the transmission 

probability for the benzene ring model, threaded by a magnetic flux, will be derived for the system 

shown in Fig.(1), this system is described by using time-dependent and spin less  Anderson – 

Newns Hamiltonian [15], which neglects Coulomb interactions in all subsystems.   
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Fig. (1): The benzene ring model 
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This Hamiltonian is given by 
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          and the   
            denotes annihilation (creation) operators. The 

index    being a set of quantum numbers, with      . Notably, the summation in the third term in 

eq. (1) is over all quantum dots. While the sixth, seventh and eighth terms are concerning the 

coupling interactions between the donor/acceptor with all the quantum dots as well as between the 

quantum dots, respectively. In this formula, we consider the number 1 is the one that connected to 

the donor while the quantum dot number   is the one that connected to acceptor. 

For this model, three configurations are studied, the first is para configuration as the acceptor is 

connected to fourth dot, the second is meta configuration as the acceptor is connected to fifth dot, 

and the third is ortho configuration as the acceptor is connected to sixth dot. Therefore, the seventh 

term in eq.(1) is written in three forms depending on the configuration type,  

      
           for para configuration 

      
           for meta configuration 

      
           for ortho configuration 

 

The equations of motion for       can be obtained by using [16], 
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For steady state we define       by the following: 

        ̅                                                                                                                            

where E denotes the system eigenvalues, then accordingly,   ̅
̇      .  

In order to get logic and simple formula for the transmission probability amplitude, we assume the 

following energy separation procedure [8]: 

        
             

             
       ̅ 

       
  ̿                      (9) 

Where       and         ,then  we get, 
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Where ∑       is the level self-energy [11], 

∑     |   |                                                                                  (11) 

ΔAR (E) is the acceptor level broadening due to acceptor level-right lead's levels coupling 

interaction. ΛAR(E) is the quantum shift that happens in the acceptor level due to the over 

mentioned coupling interactions. With [12], 

        |   |                                                                                                   (12) 

And, 
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Where P refers to the principal part 

For semi-infinite atomic chain for the leads, the density of electronic states for right lead is given by 

[21], 
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Where     is the position of Fermi energy level at the right lead.    is related to the occupied band 

width of the right lead. 

The coupling interactions between the nearest neighbors dots in the presence of the magnetic flux 

are written as [22], 

        ,        ,        ,          ,          and         

 Where the matrix equation is given by:  
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Where,         

  
|

|

              

                       

 
 
 

          

          

 
 
 

    

          

 
 

           

   
         

    

          

 

 
         

    

          

 
 

         

    

|

|
 

                                                                                                                              (16) 

We can get Δ4A (Δ4D) by substituting the right side of eq. (15) in the fourth column of eq. (16), 

making       ̅        ̅        ̅    (      ̅        ̅        ̅    , while we can get 

Δ5A (Δ5D) by substituting the right side of eq. (15) in the fifth column of eq. (16),  making 

      ̅        ̅        ̅    (      ̅        ̅        ̅    , and Δ6A (Δ6D) is solved by 
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substituting the right side of eq. (15) in the sixth column of eq. (16),  making       ̅        ̅  
      ̅    (      ̅        ̅        ̅    . 

Then the transmission probability amplitude and transmission probability [9] can be calculated 

respectively as: 

     
  ̅   

  ̅   
                                                                                                                             

      |    |                                                                                                          (18)             

                                                                                        

 

3- Calculations and Discussion   
 

For all our results that presented in Figs.(2-4), the energy levels of the sites are chosen as 

EB1= EB2=EB3= EB4= EB5= EB6=0 and the coupling interaction between neighbors sites is V
BB

=-

0.5eV, V
DB

 =V
AB

=-0.3eV, V
AR

=-3.0eV, and βR=-3.0eV . According to our results, we conclude the 

following: 

1- In Fig. (2), the transmission spectrum for the three configurations is calculated in the 

absence of the magnetic flux. The transmission probability spectrum for each configuration has only 

four resonances, since          are degenerate to pair of resonances. For meta configuration 

there is a single anti resonance at E=0, while there are two antiresonances for ortho configuration at 

        . The general conclusion is that the low transmission through the meta and ortho 

configurations result from destructive interference near the Fermi energy and         , 

respectively. Whereas the para configuration exhibits relatively large transmission through this 

region. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2- In Figs. (3), the transmission spectrum for the three configurations are calculated in the 

presence of magnetic flux with                     . It is obvious that the degeneracy is lifted 

by the magnetic field for all configurations. Two antiresonances appear at           for the para 

configuration. One anti resonance appears at E=0 for the meta configuration, while it disappears for 

the ortho one.  
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Fig.(2): the transmission probability as function of the system energy with EB1= 

EB2=EB3= EB4= EB5= EB6=0, V
DB

=V
AB

=-0.3eV, V
BB

=-0.5eV, V
AR

=-3eV,  βR=-3eV, ϕ=0. 
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3- In Figs. (4), the transmission spectrum for the three configurations are calculated in the 

presence of magnetic flux with                   . For even n, four resonances appear at 

                  for all configurations. But the transmission probability is reduced at 

          for the meta and ortho configurations. For odd n, the transmission spectrum is 

geometry dependent. The transmission probability is vanished in the case of para configuration. The 

number of resonances is reduced to three for the meta configuration, while it is reduced to two for 

the ortho configuration. 
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Fig.(3): The transmission probability as function of the system energy with presence magnetic flux at  

                 for three configurations are para in (a), meta in (b) and ortho in (c). The 

parameters are EB1= EB2=EB3= EB4= EB5= EB6=0, V
DB

=V
AB

=-0.3eV, V
BB

=-0.5eV, V
AR

=-3eV, βR=-3eV.  
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Finally, according to our calculations, we conclude that the transmission spectrum is determined by 

two important (parameters). These are the magnetic field and the geometry of the scattering region 

which is determined by the contact's position of the acceptor of the ring. The transport properties for 

this system, considering the case of multi leads connections, will be investigated as a future work. 
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Fig.(4): The transmission probability as function of the system energy with presence magnetic flux at  

             for three configurations are para in (a), meta in (b) and ortho in (c). The parameters 

are EB1= EB2=EB3= EB4= EB5= EB6=0, V
DB

=V
AB

=-0.3eV, V
BB

=-0.5eV, V
AR

=-3eV, βR=-3eV.  
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