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In a number of experiments carried out in recent
years, it has been found that the DNA molecule can
conduct a charge [1–4]. Hence, this opens the possibil-
ity of using DNA as a molecular wire in nanoelectron-
ics [5]. In this connection, it seems important to under-
stand the magnitude of the mobility of charge carriers
in the “DNA conductor” and to estimate the molecular
chain length at which charge transport is efficient.

At present, no experimental data is available on the
magnitude of electron and hole mobility in DNA. The
reported experiments on charge transfer in DNA pro-
vide information on the relative transfer reaction rates
rather than mobilities [2–4].

In this paper, we report the results of calculations of
hole mobilities at room temperature in a synthetic DNA
molecule composed of only guanine (G)–cytosine (C)
nucleotide pairs. In such chains, a hole moves over gua-
nine bases, which possess a lower oxidation potential
than cytosine bases [6]. The regular arrangement of
similar nucleotides in the chain under consideration
allows us to estimate the maximum mobility value,
which is a limiting one for irregular sequences. In mod-
eling the transfer process, we consider nucleotide
sequences as a system of sites in which each site corre-
sponds to a pair of bases. The Hamiltonian 

 

H

 

 of charge
transfer along a chain of sites has the form [7–9]
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th site from
its equilibrium position, 
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 is the potential energy of
the sites, 
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 are elastic constants. We assume that the
energy of a hole at the sites is a linear function of dis-
placements of the sites 

 

u

 

i

 

 from their equilibrium posi-
tions, and  is the hole–site displacement coupling
constant; 

 

i

 

 = 1, …, 

 

N

 

; and 

 

N

 

 is the number of sites in the
chain.

Choosing the hole wave function 

 

|Ψ〉

 

 in the form

(2)

where 

 

b

 

n

 

 is the probability amplitude of finding a hole
at the 

 

n

 

th site, from Hamiltonian (1) in the nearest
neighbor approximation, we obtain the following equa-
tions of motion [8, 9]:
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Equations (3) are the Schrödinger equations for the
probability amplitudes. To take into account dissipation
processes in the classical equations of motion for site
displacements (4), we added the term –

 

γ

 

n

 

, where 

 

γ

 

n

 

is the friction coefficient, and the random force 
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with the following statistical properties:
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where T [K] is temperature; that is the motion of the
sites described by the Langevin equation.

When modeling the motion of holes in a GG…G
sequence, we assumed the same values of the parame-

ters as in [9]:  = 0,  = 0.0001, where  =

Kn/Mn,  = 0.02  (for Mn = 10–21 g, respec-

tively,  ≈ 1.3 × 10–4 eV/Å), τ = 10–1 s. The matrix ele-
ments were taken from [10], νn, n ± 1 = 0.084 eV.

The scheme from [11] was used for the numerical
integration of the Cauchy system reduced to a dimen-
sionless form. In the calculations, the normalization
condition was accurate to three significant figures:

 < 0.001. The initial conditions for the site
displacements and velocities were taken according to
the equilibrium distribution for the specified tempera-
ture; at the initial instant of time, the charge was con-
sidered to be localized at the middle of the chain con-
sisting of 99 sites (at the 50th site). Various values of the
friction coefficient  = τγn/Mn were considered. The

results given below were obtained for  = 0.03,  =

0.006 (as in [9]), and  = 0.001.

For each value, the calculation was performed for
1000 realizations at the specified temperature T =
300 K for a time of 2 ps.

The coefficients bn(t) found in this way were used
for the calculation of the mean-square hole displace-
ment X2(t)

(6)

where a is the distance between neighboring sites (a ≈
3.4 Å).

The time dependence of the mean-square hole dis-
placement (averaged over 1000 realizations) is shown
in Fig. 1 for the case of  = 0.006 on the interval of
2 ps. In the initial part of this interval (<0.02 ps), the
ballistic regime of hole motion is observed, at which
X2(t) ≈ t2 (Fig. 2). After ~ 0.2 ps, the time dependence
of the mean-square displacement can be considered lin-
ear. At t ≥ 2 ps, the effects associated with the finiteness
of the chain under consideration become notable.

For the homogeneous chain considered in this work,
the hole mobility can be found by the Kubo equation
[12]

(7)

where e is the electron charge, Ω is the angular fre-
quency of the alternating electric field, T is temperature
(K). 〈X2〉  designates ensemble averaging (in our case,
over 1000 realizations). In the steady-state case, the fol-
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lowing expression follows for the mobility from
Eq. (7): µ = eD/kBT, where D = 〈X2(t)〉/2t is the diffusion
coefficient determined by the slope of the straight line
approximating the dependence 〈X2(t)〉  in the interval
[0.2, 2] ps (Fig. 1). At the selected values of parameters,
the hole mobility equals µ ≅  2.4 cm2 V–1 s–1 for  =

0.001, µ ≅  2.3 cm2 V–1 s–1 for  = 0.006, and µ ≅
2 cm2 V–1 s–1 for  = 0.03. Note that the hole mobility
in a homogeneous G–C chain was found to be equal to
µ ≅  10 cm2 V–1 s–1 in [13] (on the time interval of the
same order). The higher mobility value is apparently
associated with the fact that dissipation was not
included in the model system considered in [13].

Despite the not-too-high mobility value, the holes in
DNA can be transferred for long distances, because the
main mechanism of their capture in the process of
transfer along the nucleotide sequence is the chemical
reaction of a hole with water, whose rate is Kreac ≈ 106 s–1

[14]. This leads to the following estimate for the dis-
tance at which a hole can be transferred before it is cap-

ωn'

ωn'

ωn'

Fig. 1. Plot of the time dependence of the mean-square hole
displacement on the interval of 2 ps.

Fig. 2. Plot of the time dependence of 〈X2〉/a2 at small val-
ues of t.
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tured by water: l = . With the use of the
results obtained, we find l ≈ 5 × 104 Å.
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