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Abstract. The effect of muddled base pair on electron transfer through a deoxyribonucleic acid (DNA) molecule
connected to the gold electrodes has been elucidated using tight binding model. The effect of hydrogen and nitrogen
bonds on the resistance of the base pair has been minutely observed. Using the semiempirical extended Huckel
approach within NEGF regime, we have determined the current and conductance vs. bias voltage for disordered base
pairs of DNA made of thymine (T) and adenine (A). The asymmetrical behaviour amid five times depreciation in the
current characteristics has been observed for deviated Au–AT base pair–Au devices. An interesting revelation is that
the conductance of the intrinsic AT base pair configuration attains dramatically high values with the symmetrical
zig-zag pattern of current, which clearly indicates the transformation of the bond length within the strands of
base pair when compared with other samples. A thorough investigation of the transmission coefficients T (E) and
HOMO–LUMO gap reveals the misalignment of the strands in base pairs of DNA. The observed results present an
insight to extend this work to build biosensing devices to predict the abnormality with the DNA.
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1. Introduction
The electron transport through DNA has been a significant subject of studies from the past years [1–3].
Repair or damage processes in oxidative and reductive
DNA have charge transport and it can also be in long
distance range [1,4,5]. Figure 1 shows the DNA structure with base pair G with C and T with A. To get
a better understanding, the primary driving processes
which give transport properties in natural evolution can
be studied. Furthermore, during the DNA repairing process the charge transport process could also be used
for the base pair mismatch detection. It is well known
that mispair or gene mutation normally is present in
the cell with radioactive ionisation and chemical reaction but almost all mispairs can be corrected with the
replication process to maintain the genetically stable
material. However, few of the mispairs may flee from
the repairing and detecting process and may cause different genetic disorders like cancer. There is a correlation
of negative impact between the threat of cancer and
charge transport property of the gene [6]. We have to
understand how electrical properties can be affected

by the mispairs and become significant [7–11] along
with different properties to improve the mispair detection techniques [12–15]. In addition, DNA is also a
potential material for molecular electronic devices due
to its self-assembling property and self-reorganisation
property. In our case, disorder in the base pair of DNA
can be utilised to get unique functions of the molecular
devices.
Chemical and physical methods can be used to measure the electron transport through DNA [1–3]. Giese
and his team used the DNA sequence of (GC)(TA) N
(GC)3 to measure the transfer rate of charge from the
(GC) pair to (GC)3 base pair by varying N of the (TA)
base pair. They found the cross-over from a quick decay
of N vs. rate of change of charge transfer to an almost
zero decay around N = 3 [16]. Porath et al on the other
hand performed the physical experiment in which DNA
series (GC)m is sandwiched between platinum electrodes and measured the current–voltage curve [17]. The
same work has also been done and simulated with tight
binding approach [18–20]. Xue-Feng et al studied the
effect of mispairs G(anti)·A(syn) and G(anti)·A(anti) on
electron transport by replacing Watson–Crick (TA) base
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Figure 1. Structure of deoxyribonucleic acid (DNA) with
base pair guanine (G) with cytosine (C) and adenine (A) with
thymine (T) [22].

pair with mispair in the DNA series (GC)(TA) N (GC)3
connected to platinum leads [21].
The structure of the DNA with base pair guanine with
cytosine and adenine with thymine is shown in figure 1
with their respective bond length. In this paper, the bond
length of the base pair AT of the DNA connected to two
semi-infinite gold (Au) electrodes has been altered to
evaluate the effect on the genetic stability of the base
pair with the help of electron transport properties. The
genetic instability leads to various genetic disorders like
cancer.
2. Methods and calculations
We know that with respect to electron flow, electronic
devices are operational. Electronic devices are considered theoretically in terms of quantum kinetic theory
[23]. The only completely satisfactory form of this theory is NEGF formulation of many-body hypothesis.
Semi-empirical quantum mechanical methods give better compromise between analytic methods and strict
ab-initio methods which have the tendency to provide quantitative explanation of charge transport in
molecules [24–26]. For a clear explanation of electron
transport through metal–base pair–metal junction, we
adopt the simulation environment using the Atomistix
Tool Kit and its user-friendly environment interface,
Virtual Nano Lab (VNL) which has been used in
first principle ab-initio DFT as well as semi-empirical
extended Huckel Technique in combination with NEGF
formalism [24–27]. Three configurations have been
used by us with two-probe system consisting of three
parts: right, left electrodes and scattering area [27]. The
scattering region includes some part of electrodes and

Figure 2. Schematic of the two-probe configurations comprising adenine and thymine (AT) base pair with different
bond length bridged between two semi-infinite gold leads.
(a) C1 (N–O = 2.8 Å and N–N = 3.0 Å), (b) C2 (N–O = 3.3
Å and N–N = 3.0 Å) and (c) C3 (N–O = 2.8 Å and N–N =
4.2 Å). N and O represent nitrogen and oxygen molecules.

AT base pair sandwiched between two semi-infinite gold
(Au) electrodes as shown in figure 2. The standard bond
length between the nitrogen and oxygen and nitrogen
and nitrogen of DNA’s AT base pair is 2.8 Å and 3.0 Å. In
this paper, first we have increased the nitrogen and oxygen bond length to 3.3 Å in second configuration (C2)
keeping the nitrogen and nitrogen bond length constant
(i.e. 3.0 Å). After that, bond length between nitrogen
and nitrogen has been increased (i.e. 4.2 Å) keeping
nitrogen and oxygen bond length constant for the third
configuration (C3) as shown in table 1. The quantum
transport properties thus obtained from the C2 and C3
configurations after simulations are finally compared
with the values obtained from the intrinsic configuration
(C1) to extract the impact of the bond length or genetic
instability in AT base pair of DNA. We have employed
semi-empirical extended Hückel approach, due to its
robustness, faster response and unbiased response for all
mediums including vacuum [28]. Another characteristic
which made us focussed on selecting EHT was that, very
few parameters are used to define matrix elements in the
extended Hückel approach [28]. In our simulation, cerda
parameters were used for extended Hückel approach
with a mesh cut-off value of 75 Hartrees. FFT2D has
been used as Poisson solver to calculate the Hartree
potential for the scattering region.
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Table 1. Configurations of adenine and thymine (AT) base pair for different bond
lengths between N–O and N–N.
Configuration
AT base pair (C1)
AT base pair (C2)
AT base pair (C3)

N–O bond length (Å)

N–N bond length (Å)

2.8
3.3
2.8

3.0
3.0
4.2

Intrinsic
Deviation
Deviation

N and O represent nitrogen and oxygen molecules.

Within the Keldysh formalism, the transmission function through the system can be written as T (E) =
L GR G [29], where G is the Green’s function of the
coupled system and L and R are the broadening contributions of the molecular levels. The electrical current
in this case is

2e ∞
I =
T (E)
h
−∞
(1)
× [ f (E 1 − μ1 ) − f (E 1 − μ2 )] dE,
where f (E 1 − μi ) (i = 1, 2) are the Fermi distribution
functions at the two semi-infinite electrodes. One also
uses Green’s functions in the RGF procedure, although
in a recursive manner. For this, once the region of the
device is discretised, the total Green’s function g can be
obtained by using Dyson’s equation as given below:
g = G 1 + G 1 V G,

(2)

where G 1 is the unperturbed Green’s function and V is
the small perturbation. The quantised conductance G 0
of the molecule is given by Landauer–Buttiker equation:
G 0 = N e2 / h,

(3)

where h and e are Planck’s constant and electron charge,
and N is spin-dependent. Here N = 2 because there is
no magnetic field. The quantised conductance G 0 is the
conductance at equilibrium and the effective value is
77.5 μS. The ballistic transport results if probability of
transmitting electrons which enter the channel is unity
and if it is less than unity, then diffusive transport is there
[30]. The overall conductance C of a molecular junction
can be expressed by the equation
C = G 0 T (E F ),

Figure 3. Calculated current with respect to voltage exhibited by different configurations comprising adenine and
thymine (AT) base pair bridged between two semi-infinite
gold leads. C1 (N–O = 2.8 Å and N–N = 3.0 Å), C2 (N–O =
3.3 Å and N–N = 3.0 Å) and C3 (N–O = 2.8 Å and N–N =
4.2 Å). N and O represent nitrogen and oxygen molecules.

(4)

where T (E F ) is the transmission coefficient.
After all these approximations were applied, the statistical solution for an open system can be obtained
by full-scale self-consistent non-equilibrium Green’s
function formalism.

3. Results and discussion
In this section, we present the result obtained by the
modelling simulation considering a single AT base pair

with disordered bond length sandwiched between two
semi-infinite gold (Au) electrodes.
3.1 I–V curve
The effect of blockade on charge transport can be
obtained by comparing current characteristics with the
bias voltage as shown in figure 3. The current through
a AT base pair sandwiched between two metal leads is
given by the Landauer–Büttiker formula [31,32]
L
I = 2e/ h ∫μ
μR dE( f R (E, Vb )
− f L (E, Vb ))T (E, Vb ),

(5)

where f R (E, Vb ) and f L (E, Vb ) are the Fermi functions
of the right and left electrodes which are in correlation with the bias voltage and energy levels. T (E, Vb )
is the transmission coefficient. μR and μL are the electrochemical potentials of the right and left electrodes.
[μL , μR ] is also called bias window which is the energy
region which contributes to the current integral. The
bias window is given by μL = E F − eV b /2 and
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Figure 4. Rectification ratio for three configurations C1, C2 and C3.

μR = E F + eV b /2, where E F is the Fermi level that
is at zero bias.
We have calculated the current within the molecular wire using variable bias voltage with a step size
of 0.2 V. It has been exhibited that configuration (C1)
has the higher current intensity for both positive as
well as negative bias when compared with C2 and C3
configurations. This larger difference in current can be
explained using Landauer theory [31,32] by bearing in
mind the transmission coefficient T (E) for electrons
to spread out through the molecular wire. The asymmetrical behaviour shown in figure 3 gives rise to the
rectification as shown in figure 4. Oshima [33] has
already concluded this asymmetry in different orientations of gold wire. C1 configurations shows the greater
or lesser symmetrical behaviour of the rectification with
respect to the C2 and C3 configurations. However, in
figure 4, non-symmetrical behaviour is clearly indicated in C2 and C3 configurations. Negative differential
resistance (NDR) behaviour in C1 and C2 devices is
exhibited from 0.4 V to 1 V fragment. The current in
this case rises from 16.15 nA to 735.10 nA followed
by a dip at 0.8 V. Similar phenomenon was observed
in the case of C2 but with five times reduced magnitude of current for the same bias range and temperature
conditions. This clear reduction in the current is due to
the increased bond length between nitrogen and oxygen
molecule of DNA base pair. Moreover, it also gives us
an insight to use this NDR effect for various nanometre
scale electronic applications. While for C3 configuration, the bond length between nitrogen and nitrogen
molecule has been increased from 3.0 Å to 4.2 Å and current for this case does not tunnel to the similar magnitude
as for negative bias counterpart leading to asymmetry
in I −V curve as shown in figure 3. From the I −V
curve it is observed that the alteration in bond length
of AT base pair will lead to five times reduction in current and gives asymmetrical behaviour, which in turn
could be helpful to observe a disorder in base pair of
DNA.

Figure 5. Conductance–voltage curve exhibited by different
configurations comprising adenine and thymine (AT) base
pair bridged between two semi-infinite gold leads. C1 (N–O
= 2.8 Å and N–N = 3.0 Å), C2 (N–O = 3.3 Å and N–N =
3.0 Å) and C3 (N–O = 2.8 Å and N–N = 4.2 Å). N and O
represent nitrogen and oxygen molecules.

3.2 G–V curve
Conductance with respect to the applied bias voltage
is another vital transport characteristics which needs to
be studied. It also becomes imperative to measure this
metric for developing a nanoscale device. The quantised
conductance for the molecule is obtained by Landauer–
Buttiker relation G 0 = N e2 / h. From figure 5 we have
noticed that conductance shows similar behaviour as
in the I −V curve. C1 exhibits increasing conductance
behaviour for a bias range from −0.2 V to 0.2 V. The
value of the conductance for C1 is of the order of 9.88E06 S followed by 1.34E-07 S in C2 and least in C3 of
around 5.84E-08 S at −0.2 V as shown in table 2. The
same is true for the bias of 0.2 V which clearly indicates
the anomalies in the AT base pair of DNA.
The intrinsic AT base pair showed the highest conductance when packed between two gold electrodes.
As we vary the bond length as shown in table 1, the
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Table 2. Conductance (Siemens) values of adenine and thymine (AT) base pair for C1, C2
and C3 configurations.
Bias voltages
−1
−0.8
−0.6
−0.4
−0.2
0
0.2
0.4
0.6
0.8
1

Conductance (S) (C1)

Conductance (S) (C2)

Conductance (S) (C3)

9.89E−06
1.99E−07
1.03E−05
2.22E−07
9.88E−06
3.67E−07
9.49E−06
1.77E−07
9.40E−06
1.71E−07
9.20E−06

8.99E−08
2.13E−07
1.37E−07
1.99E−07
1.34E−07
3.80E−07
6.98E−07
1.96E−07
8.28E−08
1.79E−07
7.69E−08

6.48E−09
2.99E−08
1.76E−08
2.82E−08
5.84E−08
4.88E−08
7.81E−09
3.64E−08
6.41E−08
2.28E−08
5.19E−09

3.3 Transmission spectra

Figure 6. HOMO–LUMO gap plot for three configurations
(C1, C2 and C3) at a bias voltage of −0.2 V.

value of the conductance constituted by eq. (4) shows
a downward trend. The same can be explained with the
help of the HOMO–LUMO gap plot at −0.2 V. From
figure 6 and table 3, it is clearly visible that HOMO–
LUMO gap for the C1 configuration is lowest when
compared with C2 and C3. The lowest HOMO–LUMO
gap of C1 is attributed to its reactive nature having extra
electrons in its s shell. Hence the current and conductance are highest as can be seen in figures 3 and 5. So,
when variation in the AT base pair is seen, significant
changes in the electron transport characteristics has been
observed.

In order to understand the transport characteristics, the
transmission spectra are vital and we have worked with
the transmission spectra of all three variants of AT base
pair under similar working conditions [34].
From the I −V curve, we observed that there are three
bias regions [−1, −0.4], [−0.2, 0.2] and [0.4, 1] where
electrons jumping from one of the electrode can transmit
through the molecule to the other electrode considerably. We analyse these regions and select [−0.2, 0.2]
region and refer this region as ‘significant region’ (SR),
because incident electrons in this region contribute most
to the transmission spectra [35–37]. To understand why
incident electrons in this region can transmit through the
molecule considerably, we evaluated the transmission
spectra of three configurations for bias voltages of −0.2
V, 0 V and 0.2 V, as shown in figure 7. From figure 7,
it is clearly visible that there are transmission peaks
for C1 configuration integrated in the bias range and
has the significant magnitude approaching unity. High
transmission coefficient peaks indicate strong bond of
coupling between the electrode and the molecule. The
progression of transmission peaks within the bias range
gives us insight to understand how the variation of coupling between the molecule and electrodes reveals the
current characteristics of the device. C1 configuration
showing large transmission coefficient with respect to

Table 3. HOMO–LUMO gap values for three configurations (C1, C2
and C3) at a bias voltage of −0.2 V.
Configurations
C1 (−0.2 V)
C2 (−0.2 V)
C3 (−0.2 V)

HOMO

LUMO

HOMO–LUMO gap

−7.88E−02
−1.30E−02
−6.14E−01

9.65E−02
4.67E−01
5.65E−02

1.75E−01 (eV)
4.80E−01 (eV)
6.71E−01 (eV)
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Figure 7. Transmission probability vs. energy characteristics of AT base pair coupled to Au(1 1 1) electrodes for C1, C2 and C3 configurations under −0.2 V, 0 V and
0.2 V bias voltage. Red line represents the bias range.
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Table 4. Active molecular orbital (MO) and the corresponding values of energy levels for C1, C2 and C3
configurations (−0.2 V to 0.2 V region).
Bias voltage
−0.2
0
0.2

Active orbitals (C1)

Active orbitals (C2)

Active orbitals (C3)

HOMO (−7.882127E−02)
LUMO (2.117873E−02)
LUMO (1.211787E−01)

HOMO (−1.298642E−02)
LUMO (8.701358E−02)
HOMO (−1.594567E−01)

LUMO (5.649949E−02)
LUMO (1.564995E−01)
LUMO (2.564995E−01)

the C2 and C3 configurations is the main reason for
high current and conductance in the device (figures 3
and 5).
Table 4 represents the active orbitals (HOMO–
LUMO) for three configurations within the bias range
from −0.2 V to 0.2 V. The table illustrates that the most
dominating molecular orbital in this significant range
(SR) is LUMO orbital, but in the case of C1 configuration at −0.2 V, HOMO orbital has more influence near
the Fermi level or in the bias range. Hence, the strong
bonding between the molecule and the electrodes results
in high conductance of the order of 9.8 μS and low
HOMO–LUMO gap of 0.17 eV (figures 5 and 6). But in
C2 and C3 configurations, there are active orbitals near
the Fermi level but they are not within the bias range
and so the transmission coefficient lags in the magnitude and coupling of the electrodes and molecule is not
as strong. That is why C2 and C3 configurations exhibit
less current and conductance characteristics as shown
in figures 3 and 5. So, the trend is clearly visible from
the transmission spectra that when there is an increase
in deviation in the N–O and N–N molecules of AT base
pair of DNA, there is a downward drift of the current
and conductance.

AT base pair will lead to a five-time decrease in current, thus exhibiting the asymmetrical behaviour. Three
significant ranges of bias voltages have been defined,
[−1, −0.4], [−0.2, 0.2] and [0.4,1], and we focussed
on range from −0.2 V to 0.2 V. The highest current
and conductance have been observed for C1 configuration when compared with the C2 and C3 configurations
because C1 has large transmission coefficient indicating a strong bond of coupling between the metallic
electrode and molecule and progression of transmission peaks within the bias range. The fragment [0.4,1]
reveals NDR behaviour in the current characteristics
and phenomenon can be utilised in various nanometre
scale electronic applications. We analysed the HOMO–
LUMO gap for −0.2 V bias and it was observed that the
HOMO–LUMO gap for C3 is largest followed by C2
and least in C1 configuration. On the whole, the idea of
this work is to build biosensing devices for evaluation in
depth, the effect on the genetic stability with the help of
electron transport properties for the muddled base pair
of DNA.

4. Conclusion
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