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Abstract 

In this paper,a general formula for the transmission probability for electron transfer through the DNA 

system have been derived by using the steady state formalism this has been done by assuming one 

strand of DNA molecules as line model. TheI-V characteristics and the temperature-dependent 

conductance for four DNA sequences: (G-G) 24, (C-C) 24, (A-A) 24 and (T-T) 24 have been 

studied. 
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  خلاصةال

رة لحالة المستقاشتقاق صیغة عامة لأحتملیة النفاذ لانتقال الالیكترونات خلال نظام الدنا بأستخدام صیاغة افي ھذا البحث, تم 

ع من ماد التوصیلیة على درجة الحراة قد درست لأربعة انوافولتیة واعت -بأفتراض ان النموذج الخطي كضفیرة واحدة. ممیزة التیار

  الدنا:.24T) -and (T 24A) -(A, 24) C-, (C24G) -(Gسلاسل
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Introduction 

Charge mobility in DNA has gainedmuch attention over the recent decades, not only for its 

importance in biological processes [1] but also for physical applications, which use the DNA as 

molecular devices or by using its properties of self-assembling and self-recognition[2]. Instead of, 

DNA is acting as molecular wire in regularsequencesasa poly(GC), or by its doping with metalicions 

as is the state of M-DNA [3]. Despite the various experimental conditions and intrinsic complexities 

within the molecules [4–8], there isa consensus that DNA molecules, some time workingas a 

semiconductor with band gap is large and bandwidth is close [5,7]. An energy band shape has been 

adopted [9] and successfully interpret the noted current-voltage characteristics [5], and the 

characteristic band factors have been getting [10] for poly(G) -poly(C) and poly(A) -poly(T) via ab-

initio calculations[11–14].The goal of this work is to develop a general way to get tight-binding 

parameters to accountinterstrand interactions from first principles. This formalism will be applied to 

polysG-polysC and polysA-polysTDNA.we systematically investigate the charge transfer rate in a 

variety of configurations of base type by usingline model. 

 

Line Model 

In the simplest single-particle tight-binding model, it has been assumed that the system can be 

formalized into a line model in which an effective on-site energy is used for the HOMO energy of 

each base. In addition to influence of the coupling between any two nearest neighbor sites. For a 

homogeneous DNA, such as the Poly(G), this model should be very effective due to the charge 

migration occuring along the purine strand in the case of the hole transport [15].We adopt the 

schematic model presented has been adopted in the following figure, 

 

 
Fig (1) A schematic illustration of the line model. The left and right ends of the DNA(Bases)are 

connected to the electrode L and R in addition to D(doner) and A(accepter). 

Theory and Treatment 

The electron is scattered from one bridge that contains one strand of DNA. The simplest tight 

binding model of the DNA can be constructed as a line model. There is a single conduction channel 

in which sites represent bases. Every link between locationsincludes the existence of a coupling 

interaction. The description of DNA base as single positions represents a simplification of the line 



 جامعة ذي قار - مجلة كلیة التربیة للعلوم الصرفة
  ٢٠١٨، حᗫᖂران ٢، العدد ٨المجلد 

Website: jceps.utq.edu.iq                                                                                Email: jceps@eps.utq.edu.iq 
 

  
   

٦٦ 

model. This distinction becomes important when hopping between bases is considered e.g. the 

hopping from base to base is the same. We describe the system under consideration (that shown in 

Fig. (1)) by using the following time-independent Hamiltonian(using Dirac’s notations).This 

electronic Hamiltonian takes into account all the sub-systems interactions. The different indexes D, 

A, L, R and b denote the  donor and acceptor,  the left lead, right lead, and the bridge (DNA bases 

with total number  N). The model Hamiltonian is written as follows: H = Eୈ|D⟩⟨D| + E|A⟩⟨A|      +  E୩ౘ |kୠ⟩⟨kୠ| + [(V୩ౘ ୩ౘ୩ౘ |A⟩⟨kୠ| + h. c) 

     +(Vୈ୩ౘ |D⟩⟨kୠ| + h. c)]     + (V୩୩ |A⟩⟨kୖ| + h. c) + (Vୈ୩ై୩ై |D⟩⟨k| + h. c)   (1) 

The index ki is the energy wave vector with i types the indexes D, A, L, R and b. Eitypes the ith 

energy level position and |݅⟩ and ⟨݅|types the ket and bra states respectively.Vijtypes the coupling 

interaction between the subsystems i and j.The system wave function can be written as, ψ(t) = Cୈ(t)|D⟩ + C(t)|A⟩ +  C୩ ୠ୩ౘ (t)|kୠ⟩ + 
 C୩ై୩ై (t)|k⟩ +  C୩୩ (t)|kୖ⟩( 2 ) 

whereCj(t) types the linear expansion coefficients. The equations of motion for Cj(t) can be obtained 

by using time dependent Schrodinger equation , ∂ψ(t)∂t = −iHψ(t)                                                                           (3) 

So, we get the following set of related equations, Ċୈ(t) = −iEୈCୈ(t) − i  Vୈ୩ై୩ై C୩ై (t) 
                 −i  Vୈ୩ౘ୩ౘ C୩ౘ (t)(4) 
Ċ(t) = −iEC(t) − i  V୩୩ C୩(t) − 
                i  V୩ౘ୩ౘ C୩ౘ (t)                                                           (5) 

Ċ୩ౘ(t) = −iE୩ౘC୩ౘ (t) −  iV୩ౘୈCୈ(t) − iV୩ౘC(t)(6) 
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Ċ୩ై(t) = −iE୩ైC୩ై(t) − iV୩ైୈCୈ(t)(7) Ċ୩(t) = −iE୩C୩(t) − iV୩C(t)                                    (8) 

With, Vij =Vji   and     i , j=A , D , kL , kR and  kb 

By using condition stationary states, we define  C୨(t)  as C୨ (t) = Cത୨eି୧୲  with E types the system 

eigen values. So we putCത̇୨ = 0 . Then follow separation procedure: V୩ = ܥ V୍     (9)ݒ =  ூ (10)ܥ̿ݒ

With i=L, R and b and α=A, D and b 

By substituting these definitions in eqs.((4)-(8)) we get,                             . 

Cത(E) = 1E − E ቐܸோ หݒೃหଶ̿ܥோೃ + ܸ หݒ್หଶ̿ܥ್ ቑ   (11) 

Cത(E) = 1E − Eୈ ቐܸ หݒಽ หଶ̿ܥಽ + ܸ หݒ್หଶ̿ܥ್ ቑ    (12) 

Cധୠ(E) = 1E − Eୠ {ܸ ܥ̅ + ܸܥ̅}                                         (13) 

Cധ(E) = 1E − E VୈCതୈ                                                              (14) 

Cധୖ(E) = 1E − Eୖ VୖCത                                                               (15) 

Thus, we obtain an obvious expression for ಲ̅(ா)ವ̅ (ா) = ଵܺ(ܧ)ଶܺ(ܧ)                                                                      (16) 

Where 

ଵܺ(ܧ) = ܸГ(ܧ)ܸ                                                   (17) 

ଶܺ(ܧ) = E − E −  ோ(ܧ) −  (E)                    (18) 

Where, ∑ (ܧ) = หܸ หଶ Г  (19)   (ܧ)

is the interaction, self-energy, with, 

 


j j

j

k k

k
j EE

v
E

2

)(
                                                      (20) 
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With kj=kL ,kR and  kb . 

The transmission amplitude and the transmission probability are respectively defined as: (ܧ)ݐ = ܥ̅(ܧ)̅ܥ  (21)                                                                     (ܧ)

and , ܶ(ܧ) =  ଶ                                                                  (22)|(ܧ)ݐ|

 

The results and discussion 

To begin with, the eigenvalues of the bases (arranged in homogenous sequence) are calculated by 

using tight binding model[15],  E୨ = Eୠୟୱ୧ୱ − 2Vcos( ୨ାଵ)   (23) 

Where, Ebasis is the energy of the base, which is given by EG (=-2.63eV), EC (=-3.75eV), EA (=-

3.25eV) and ET (=-4.15eV) [8],forthe Guanine, Cytosine, Adenine and Thymine respectively, which 

are putting in the LUMO levels[15]. The coupling interaction between nearest-neighbor bases refer 

to it by Vnm, where Vnm=0.119 eV and -0.38 eV for both (G-G) and(C-C) and both (A-A) and (T-T) 

respectively.  The single base is j and the total number of the bases is N. The energy levels 

locationsin this case are putting in the range2.64 ≤ E ≤ 3.11eV,1.52 ≤ E ≤ 1.99 eV, 2.17 ≤ E ≤ 2.32 

eV and 1.27 ≤ E ≤ 1.42 eV    for (G-G)24, (C-C)24, (A-A)24 and (T-T)24 sequence 

respectively,theyare putting in the LUMO levels. So that, the density of states is writing as, ρ൫ܧ ൯ = ߨ2ܰ ) sin|ݐ|1 ݆ܰߨ + 1)                                                 (24) 

The plotting of the transmission probability T (E) and energy E relationshipin the case that come 

back to the active region, which consist of the DNA bases only aregiven as follows: 

Figs.((2)-(5)) show the results obtained, considering the line  model with the sequence (G-G)24, (C-

C)24, (A-A)24 and (T-T)24, using the factors VAb=- 0.9 eV and VbD =-0.5 eV. Where, we note that 

many of the states close to the active region edges own a very low transmission probability. While 

high transmission probability will be at locations near energies of bases, since the coupling between 

them is turn on, alsothe shapes of the curves are changing with kind of sequence. This is reasonable 

because the coupling interactions of the active region with the donor and accepter are inequality,add 

to, the energy location is dependent on the sequence. Because the degeneracy in some energy levels 

the number of peak-dip transmissions isseemfewer than N,and emerge ofthese resonances are due to 

the interference of coupling interactions. The transmission spectrum(magnitude and location) is 

changing with thekind of sequence. Calculations of the transmission spectrum are the most important 
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step in studying the transport and dynamic properties of the electron mobility process in 

nanostructures. Our transmission spectrum calculations will be used to find the electric current 

through the DNA molecule. The steady state electric current through the active region can be 

accounted by using the Landauer formula [16]: 

ܫ   = ଶ ∫ ](ܧ)ܶ ݂ஶିஶ (ܧ) − ோ݂  (25)                       ܧ݀[(ܧ)

fα (E) is a Fermi distribution function of electrons in the lead α, with α=L, R,  

ఈ݂(ܧ) = ቄ1 + exp ቂாିఓഀಳ்ഀ ቃቅିଵ
                                    (26) 

μαis the chemical potential of the lead α, with ߤ = ೇమ   and ߤோ = −ೇమ   , where V is the bias 

voltage.While Tα is the temperature of the lead α, with TL=TR=T, T is fixed  at 300K, this namely  

that both leads are in thermal equilibrium state. 

 

 
Fig. (2)Transmission as function of energy for sequence (G-G) 24. 

 
Fig. (3) Transmission as function of energy for sequence (C-C) 24. 
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Fig.(4) Transmission as a function of energy for the sequence (A-A) 24. 

 
Fig. (5) Transmission as a function of energy in sequence (T-T) 24. 

 

 
Fig.(6) Current  as a function of bias voltage with sequence (G-G) 24 for line model. 
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Fig (7) Current  as a function of bias voltage with sequence (C-C) 24 for line model. 

 
Fig.(8) Current  as a function of bias voltage with sequence (A-A) 24 for line model. 

 
Fig (9) Current  as a function of bias voltage with sequence (T-T) 24 for line model. 
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The tunneling current properties are investigated by oscillating the bias voltage from -4 eV to 4 eV. 

The I-V curves for the same over mentioned connections are shown over the extended bias window 

as shown in the Figs.((6)-(9)). The I-V curves clearly show a nonlinear dependence. Overlap of 

electrons in single molecule is aninnovator influence and has some like overlap on dual slits. It 

appears itself as ideal destructive overlaps that lead tofullstopping of the current through the 

molecule and has been expected for molecules with separatealternating symmetry. The symmetry 

asserts the existence of degenerate states, to which clockwise and counter-clockwise angular 

momenta can be assigned, so that the two pathwaysabout the molecule display a finite phase 

variationrelying on the aligning of the contacts. From these figures, as the active region has steady 

order, we can evidentially distinguish two orders. To begin with, the current is minish for finiteextent 

of bias voltage. This energy gap is type- sequence-dependent.Wherewe can observe the gap of (G-G) 

and (A-A) is greater than the gap of (C-C) and (T-T).All figures illustrate that the DNA is operating 

as an alienator in low voltage bias. At bias voltages greater than the absolute value of the energy 

gap,the current shows avigorous increase as shown in all figures.Also observable is the actuality that 

the I-V characteristics are nearly symmetric with respect to the absolute value of the bias polarity, 

since the active region is falling in the mid gap between the electrodes therefore, this variable in the 

current level and conductivity perhapsexplain by the difference of resistance values. Our results 

giveanall right qualitative acceptance with the electronic structure(i.e.the transmission spectrum) of 

the system with the part of current near zero of the I-V curves. The values of energy gap may also 

powerfully depend on the clutter and connection which are not included in our work.     

 

The Conductance Calculations 

The conductance for the sequence (G-C) will be accounted as a function of temperature, i.e. the lead 

temperature, in the thermal equilibrium state. Our results for the conductance will summarize, as 

long as the transmission probability is obtainable in our model computation,by using the nextform 

ܩ [17] = ଶమ ∫ ങ(ಶ)ങಶஶିஶ(ܧ)ܶ ܧ݀      (26) 

With f(E) is defined in eq(29).As the thermal equilibrium is considered in our calculation TR=TL=T 

with 0 < T < 300 K. Our results are presented in figs.((10)-(13)) are with one strand model. The 

conductance is autonomic withthe temperatureat 0 < T <200 K, 0 < T <150 K, 0 < T <175 K and 0 < 

T <130 K, for (G-G), (C-C), (A-A) and (T-T)respectively. The conductance remains constant with 

eking of temperature until it becomesapproximately 200,150,175 and 130K for (G-G), (C-C), (A-A) 

and (T-T) respectively. While it is nonlinear at T >200 K, T > 150 K,T > 175 K and T > 130 K for 
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(G-G), (C-C), (A-A) and (T-T) respectively, at these values of temperature high and ferlyeking in the 

conductance with regular eking of temperature. It is too fastidious to interpret the observed 

temperature relyingonDNA. According to our treatment,the strength of the conductance – 

temperaturerelying at relatively high temperatures can be returned to the eking in the hybridization 

between the active region energy levels with the left and right lead levels as the temperature eking. 

For T > 200 K, T > 150 K, T > 175 K and T > 130 K for (G-G), (C-C), (A-A) and (T-T) respectively, 

by the hopping transport mechanism between the chemical potentials and active region energy levels 

(whichputtingup the chemical potential and then between neighboring locations) the conductance is 

cementing. They interpret the temperature relying conductivity proposing two transport mechanisms, 

i.e. ionic conduction at low temperatures and temperature driven hopping transport operations at high 

temperatures. The foundation physics of the weak temperature relying at low temperatures is 

returned to the electrons in the molecules have not enough energy to participate of conductance. 

 
Fig.(10) Conductance  as a function of temperature  with sequence (G-G) 24 for line model. 

 
Fig.(11) Conductance  as a function of temperature  with sequence (C-C) 24 for line model. 
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Fig.(12) Conductance  as a function of temperature  with sequence (A-A) 24 for line model. 

 
Fig.(13) Conductance  as a function of temperature  with sequence (T-T) 24 for line model. 
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3) The conductance is independent of temperature at 0 < T < 200 K, 0 < T < 150 K, 0 < T < 175 

K and 0 < T < 130 K, for (G-G), (C-C), (A-A) and (T-T) respectively. While it is nonlinear at 

T > 200 K, T > 150 K, T > 175 K and T > 130 K for (G-G), (C-C), (A-A) and (T-T) 

respectively, at these values of temperature high and sudden increasing in the conductance 

with normalincreasing of temperature. The curve of conductance is behavior similarly for all 

sequence nearly. 
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