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Relationship between the structure and electrical conductivity of 12-mer
single-stranded polyadenine studied by scanning tunneling microscope†
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DNA has received much attention over the past few
decades owing to their unique feature of π-π stacking in-
teraction between neighboring bases. This feature pro-
vides an effective medium for the electron transport pro-
cess in DNA.1) In biological phenomena, the electron
transfer could be utilized to study the DNA damage and
repair mechanism at the sub-atomic scale.2)

How can we differentiate the characteristics of electron
motion in normal and damaged DNA? Furthermore, will
damage in DNA affect the electron hopping rate and
mechanism of electron motion? In order to answer these
questions, firstly, we need to clarify whether DNA bases
(A, C, G, and T) are conductive. Once strong baseline
data of electron transfer in each base have are accumu-
lated, the data could be used as a reference for nor-
mal and damaged DNA. A lot of studies have been con-
ducted in the past to investigate the electronic properties
of DNA.3) Their findings vary from insulating to semi-
conducting and metallic properties. In order to resolve
this matter, two main techniques were used: scanning
tunneling microscopy (STM) and muon spin relaxation
spectroscopy (µSR). Measurements were performed 12-
mer single-stranded (12-ss) adenine, cytosine, guanine,
and thymine. But in this report, we only present the
XRD and STM data of adenine (12-ssA).

XRD measurements were performed to characterize

Fig. 1. XRD patterns of 12-ssA molecules measured at room
temperature. The XRD patterns showed no sharp or en-
hanced diffraction peak, suggesting an amorphous state
of the sample.
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Fig. 2. The STM image of 12-ssA molecules that align in a
one-dimensional chain structure and the analysis of the
height profile of 12-ssA molecules.

the structure of a 12-ssA molecules at room temperature,
however, no sharp diffraction peaks were observed in the
XRD pattern, which indicated that the 12-ssA sample is
not crystallized and it is in an amorphous state as shown
in Fig. 1.

For the STM measurements, the molecular structure
of the 12-ssA molecule was probed to measure the height
profile between the tip to the sample molecule (h). This
height profile represents the efficiency of the electron
tunneling from the tip to the sample, which could be
related to the conductivity of the sample. The relation
between the height profile (h) and the efficiency of the
tunneling current (I) could be expressed as follows:

I = V × exp[−2ℏ−1(2mϕ)1/2h] (1)

Where m is the electron rest mass and ϕ is the work
function of the sample.4) Based on Eq. (1), the current
depends exponentially on the distance. If the distance
between tip and sample surface increase, the tunneling
current decreases.

In this study, the structure of 12-ssA molecules was
found to be well observable on the graphite substrate as
illustrated in Fig. 2. The structure of 12-ssA molecules
was observed as bright spots in the red circle. The length
of the molecule was about 4.3 ± 1.6 Å, and the side-
by-side distance was 25 ± 7.5 Å. This figure indicates
that 12-ssA was not perfectly insulating and had elec-
trical conductivity because STM only probe the conduc-
tive sample.5) The results of the height profile of 12-ssA
molecules in Fig. 2 could be used to make a comparison
with other samples (12-ssC, 12-ssG, and 12-ssT) in the
future.
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