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theory tools could open the new horizon in understanding the problem of charge
transfer in DNA.Numeroustheoreticalmechanisms have beearded out for
studying the charge transport in DNAmong which a polaron hopping
mechanism has turned out to be a prospective candidate for modeling the
coupling between electronic and lattice configuratiorhe tight-binding
Peyrard Bishof Holstein (PBH) [9,10] and SiiSchrieffei Heeger (SSH)

[11,12] aretwo effective models,which are all base@n a polaron In thetwo
models,overlappingP orbitals of the DNA basepairsarethoughtto providea
channelfor migration ofchargein it. In the current studywe have use®&SH
modelto describeghe coupled structural and electronics aspects of DAlgo,

it is important to understand how the electron transpoRNA is affected by

the environmental phonenlin this modela tightbinding nanoscale linear chain

is used which is weakly coupled to the vibrational phonon modes from the
environment (reservoir) via electriorphonon (&ph) interaction The model
characterize the atomic displacements as classicillators andcharge transfe
phenomena with nearest neighbor tigitding model

Most of the introduced Hamiltonians in DNAharge transferand the
corresponding equations of motion are extremely nonlinear and have a high
sensitive behavior to chosen coefficieritso, analysis bbioinformatics data,

such as the sequences derived from the structure of DNA molecules, reveals that
thesedataalkc haot i co in the sense that along a mol ec
analogous to the temporal variation in chaotic systems. The Lyamxpawnent

is one of the most popular concepts of the nonlinear dynamics to measure h
stable the systems artn 1999 Hiroshi Shibata introduced mean Lyapunov
exponent MLE) in order to characterize the chaos in systems described by
partial differential quationg13, 14]. TheMLEt heory has attracted resear
attention and has been successfully applied in several {ighjsl6] In this

work, MLE theory is proposetb studythe charge transfer mechanism in DNA
through the SSH modelAlso, Landaureresistance is related to Lyapunov
exponent via the transmission coefficient of the systBgn.considering the

behavior of MLE,we have studied the variation of resistance of DNA in the



framework of SSH model with external phonon couplihg.the other hand,
applying the electrical fieldthe effect of the amplitude and frequency of the
field on charge transfer and resistance of DN/Astudied so the best range for

field parameters is selected.

2. The Model and Simulations
The studied system is consisting thle DNA lattice and an environmental

optical phonon sourc&he Hamiltonian of the system can be modeled as
H=HgsytHp, +He @

The first term,so-called SSH moddll1, 12] has been @slto simulatecharge
transfer in DNAwith strongly internal Eph interaction represented classical
scheme
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wherem is the mass of base paiftg, is the hopping integrathe energy€,is
the orbial energy level of the moleculeX, is the atomic displacement for the

nth molecule,C,, and C, are creation and annihilation operators of an electron
at the siten and & is the internaki ph coupling constant. The last teimEq.

(2) represents thepring potential with an effective spriegnstank; .

Two lastterms in Hamiltonianrepresenthe vibrational mode at figuency W,

coming from the external sourcesd the local externali ph interaction term

respectively.

HPh+He—Ph: Oé br:bn+g0é Cr:Cn(brT-'-bn) (3)

where b, and b; are creation and aihilation operators of an phonon at the

site N and g, is the externaligoh coupling constant.



In the current studywe proposehe effect of electrical fieldn charge transfer
in DNA. In this regard, a\C field is applying so it provides an extra degree of
freedom (frequencyf field) in studying the effect of fieldThe corresponding

Hamiltonianhas the following form

H oq = - €5 cosit)q nagc,c, (4)

where E0 and W arethe amplitudeandthe frequencyf the field respectively

and a=3.4A" is the distance between the base pairs in lattice

The correspondingquations of motiohave the following forms:
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where X (t)  accounts  for  thermal  noise, (X,(t))=0,

(X, ()X, (tD)) = 2mgK Ta, alt - ti) , with T as thebathtemperature.

Stability analysis

The Lyapunov exponent is defined as the average rate of divergence of two
initially nearby trajectoriesIt hasbeen calculated for a single starting point. If

we compute the Lyapunov exponent for a sample of staprigts and then
average those results, we define the mean Lyapunov exp(veR) for the
system[17]. Then MLE will be a true indicator of the chaotic or nonchaotic
behavior of the systemnit expresseghe disorderness of the spatiotemporal
patterns of onlinear systemsln order to investigate the characteristics of
Lyapunov exponents, we have used the Jacobi matrix. Jacobi matrix, gives the
linear stability of the system and the disorderness of the field variables of the

system. The eigenvalues of matdive the Lyapunov exponenf3, 14]. To



analyze the equations, it is convenient to transform the second order differential
equationdgnto an autonomous system of first order differential equadiothuse

the finitedifference methodThen we have
Xt =, + D

+Ci +

n

i i
n~ Chu

u:1+1 = u:1 + Dt{_s (X:1+1 + Xrl1-1 - 2Xrl'|) - (C:1+C:1-1 + CL_;C
m m
i
Ch Coua) + X, (0}
Ci+1 -

n 0:1 - [xi_>{goci1(briw+ +bri1) - [to - a(xri1+1 - XL)]C:M - [to - a(xrlm h
XL—l)]CL—l - neaE@ COS(Wt)C:\}

i+l _ I i it it
bn - bn - I1;('/’/0bn +9,C, C, ) (6)
Then we consider théN x 4N Jacobian matrix written as:
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TheMLE is defined as
1
!y =N|n‘Bk,N‘ 8)

where ‘BK’N‘ means the determinant ofatnix B, \ [13,14]. A positive MLE

indicates the instability of the system but its negative amount indicates the stabe
system.

On the other hand, the transmission coefficirthe system(T) is given as
T =exp(2/,N) )

where N is the number of base pairs in DNA lattice.

Transmission coefficient is related to the Landauer resistance via

p=il (10)
T

in units of thequantum resistancla/Ze2 (° 13KW) [18].

Results and discussions

By analyzing theMLE theory, one could obtain thenge of the parameters to
have the best ordered field variable§[IThe growth of MLE corresponding to
increasing the disorderness of the system then the best range for the parameters
of the system is where thdLE takes its smaller values, which meansttha
spatial pattern of system is ordered.

Figs. 1(a) and 1(b) show the variation of MLE and Landauer resistance with
respect to the temperature in absent the external field, respectivelyhave
considered the case of homopolymer DNA and a length of Nb288 pairs in

our numerical calculations.By considering the figures, we could see the
inherently charge transfer in DNA and stability regions of the system even in
absent the external currefihe minimalvalue of the MLE and DNA resistance

is aboutwhere the DNAis denature@® T =340- 350K).
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Fig. 1(a). Mean Lyapunov exponent vershetemperature in absent the external field.
t, =0.4,k=0.85a =0.2,n; =0.01, g, =0.01.
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Fig. 1(b). Landauer resistaneersusthetemperature in absent the external field.
t, =0.4,k=0.85a =0.2,1, =0.01,g, =0.01.

Following figuresappeathe effect of external fieldith different parametersn
charge transfer and resistance of DN¥e could see applying the external field
decrease the resistance of DNA but the minimal value of resistance is again
about where DNAs denatured.
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Fig. 2(a). Mean Lyapunov exponent verghetemperature ipresenthe external field.
t, =04,k =0.85a =0.2,u, =0.01 g, =0.01, E, =10, w=1.

Fig. 2(b). Landauer resistaneersusthetemperature in absent the external field.
t, =04,k =0.85a =0.2,w, =0.01, g, =0.0L E, =10 w=1.
On the other hand, ybanalyzing the MLE theory the best range for the
parameters of the electrical field is selected, as charge current is encountered
with minimal resistance.
Figs. 3 and 4 show thariations ofMLE and resistance with respect to theldi

parameters.



