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Abstract. Structural characterisation of two different forms of carbon — graphite and single-
walled carbon nanotubes (SWCNT) has been done with Raman and FTIR spectroscopy.
Interaction of nucleic acids with graphite powder and SWCNT was studied with Surface
Enhanced Infrared Absorption (SEIRA) spectroscopy. Analysis of DNA-SWCNT complex
vibration modes has shown that the numerous structural changes in DNA have been con-
nected with appearance of new sugar and bases conformations, changes in phosphate vibra-
tions and could be interpreted as A-B conformation transition and stabilisation of structure
in some DNA fragments. Only very slight graphite influence on DNA structure have been
registered. We have proposed the model of DNA interaction with SWCNT based on wrapping
of nucleic acid molecules around carbon nanotubes. The similar situation seems to occur in
chromosome during DNA assembling by histones.
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1. Introduction

Nowadays a study of carbon nanotubes is of great scien-
tific and applied interest due to their wonderful mechani-
cal and electrical properties [1]. However, due to their
not good solubility in any solvents, it is very difficult to
isolate one carbon nanotube from another. Some poly-
mers and nucleic acids are known be used for that [2, 3].
However, the mechanism of the DNA interaction with
carbon nanotubes is important for application and fun-
damental knowledge, however up to date it is not under-
standable. That is why we decided to perform the experi-
ment enabling to clear up this point.

2. Method and materials

To study the DNA interaction with SWCNT, we used
Raman and FTIR spectroscopies, namely, one of its new
supersensitive method - SEIRA (Surface Enhanced Infra-
red Absorption) spectroscopy.

The SWCNT was synthesised in the Institute of Phys-
ics (RAS, Moscow). Their length was 1-2 um, and diam-
eter 1.3—1.5 nm. Aqueous solution of DNA molecules
(0.25 mg DNA/0.5 ml H,0) was heated up to 100° C then
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added 0.5 mg SWCN. Compounds of the solution were
mixed, stir and then precipitated onto quartz substrate
covered with a gold layer (thickness of the layers was
200 A, roughness was 50 A). Spectra were collected in
reflectance mode with the reflectance attachment on
Bruker IFS-48 instrument in the 380-5300 cm™! region.
Due to using the gold substrate, we observed the effect of
SEIRA for nucleic acids [4-6]. KBr pellets have been pre-
pared for registration FTIR transmittance spectra with
SWCN and/or graphite. Raman spectra have been regis-
tered using NIR — excitation.

3. Results and discussions

We studied the vibrational modes of carbon materials of
different structures and concluded that SWCNT has more
narrow and strong line that graphite (Fig. 1). We regis-
tered also band shift at 492 cm™! to 484 cm™!, at 620 cm™!
to618cm !, at 1129 cm™! to 1123 cm ™! into low frequency
region and 1361 cm™! to 1363 and 1605 to 1614 cm™! in
high frequency region in SWCNT as compared with graph-
ite. We suppose that the bands at 1361, 1363 cm™! and
1605, 1614 cm™! could be assigned to C=C vibrations,
other bands — to different other molecular groups, such
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Fig. 1. FTIR spectrum of ultradispersed graphite (curve /) and
carbon nanotubes with graphite surface (curve 2) in the region
440-4800 cm™!,

as C-C, C-O (1129, 1123 cm™), etc. Raman spectra (Fig.
2) showed that graphite have two wide weak bands at
1329 and 1591 cm!. The SWCNT has very strong peak
position at 1593 cm™! and a shoulder at 1571 cm™" as well
as at 162 cm ! with shoulders at 147 and 176 cm™!. The
band at 162cm ! has been identified as the A, ¢ Symmetry
radial breathing mode, and the band at 1593 cm™! has
been assigned to an unresolved Raman triplet identified
(in armchair symmetry tubes) as tangential carbon dis-
placement modes, A1y, Eg, and Eyg. These three, nearly
degenerate, high frequency phonons are related to the
graphite Eo, symmetry interlayer mode at 1591 cm ! [7].
These main SWCNT Raman bands are inhomogeneously
broadened due to the tube diameter (1.3-1.5 nm) distri-
bution.

In our experimental conditions (humidity = 60 %) we
registered the DNA in A conformational state as it was
found earlier [3].
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The SWCNT influences the DNA structure more
strongly than graphite. In the case of DNA+SWCNT,
we obtained the changes of vibration modes of DNA that
are the markers of conformational state of DNA [8, 9].
The changes in marker lines of DNA indicate on DNA
interaction with SWCNT. Some transformation of H-
bonds in the region of OH-, NH- and CH-vibrations was
observed (Fig. 3). The increase (about 50 cm™') of the
halfwidth of H-bonded O-H and N-H stretching vibration
has been registered for DNA-SWCNT complex. Thus, for
reference denaturated DNA and DNA-graphite complex
the halfwidth of the OH-NH-CH band equals to 478 cm ™!,
for DNA-nanotubes complex this parameter equals to
527 cm™!. This halfwidth increase is due to increase of
shoulder in the 2950-3200 cm™! region that indicate to
the formation of strong H-bonds of DNA with carbon
nanotubes. This could be seen in the Fig. 3 and their
difference spectra.

In the region of the bases (Fig. 4), the spectra of DNA-
graphite complex and reference denaturated DNA prac-
tically has no difference. For DNA-graphite complex a
little bit of decrease in the integral intensity (5.27) of the
base band have been observed in comparison with refer-
ence denatured DNA (5.37). In the case of DNA-SWCNT
complex, the essential increase of the absorption of C=0O
molecular groups at 1712, 1700, 1685 cm™! and C=N at
1608 cm™! have been registered. This fact could be inter-
preted as partial manifestation of DNA B-conformation.
The latter leads to increase in the integral intensity of the
base band to 6.24 for DNA-SWCNT complex. Relative
intensity of base vibrations is increased in the spectrum
of DNA/SWCNT in comparison with those for reference
DNA. All these features testify that in the case of DNA-
SWCNT complex the B-helical DNA structures are re-
stored.

We have registered the low-frequency shift of
antisymmetrical PO,-vibration both for DNA-SWCNT
and DNA-graphite complexes (Fig. 4). For reference
DNA frequency position of antisymmetrical PO,-vibra-
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Fig. 2. Raman spectra of carbon nanutubes (a) and graphite (b) obtained with NIR excitation (spectra were registered by Dr.

Manfred Westermaer, Frieburg, Germany).
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Fig. 3. SEIRA spectrum of denaturated DNA (curve /), DNA
with carbon nanotubes (curve 2) and DNA with ultradispersed
graphite (curve 3) on the gold substrate in the region 2400-3800
cm™!. Difference spectrum = DNA with carbon nanotubes or
with graphite — denaturated DNA.
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Fig. 4. SEIRA spectrum of denaturated DNA (curve /), DNA
with carbon nanotubes (curve 2) and DNA with ultradispersed
graphite (curve 3) on the gold substrate in the region 900-1800 cm ™.
Difference spectrum = DNA with carbon nanotubes or with graph-
ite — denaturated DNA.

tion equals to 1234 cm™!, in DNA-graphite — 1231 cm ™!
(A-form), in DNA-SWCNT - 1226 cm™! (B-form) [8, 9].
Integral intensity was 1.59 for DNA, 2.00 for DNA graph-
ite and 3.05 for DNA-SWCNT. The shoulder of phos-
phate symmetrical band at 1100 cm™! has been found in
DNA-SWCNT. This shoulder was absent for denaturated
DNA and only a small shoulder was registered in DNA-
graphite complex. So, we could suppose that SWCNT
causes A-B transition in some fragments of DNA sugar-
phosphate backbone that can be in agreement with model
of DNA wrapped around nanotubes (Fig. 6).
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Fig. 5. SEIRA spectrum of denaturated DNA (curve /), SWCNT
(curve 2) and DNA with carbon nanotubes (curve 3) on the gold
substrate in the region 740-1030 cm™!. Difference spectrum =
DNA with carbon nanotubes — denaturated DNA.
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Fig. 6. The model of DNA interaction with carbon nanotubes.

DNA interaction with SWCNT causes to integral in-
tensity increase of the vibrations in the 600-900 cm!
region (Fig. 5). Thus, the band intensity at 789 cm ™! (787 cm!
in DNA) is increased by the factor 3.2; the band at 827 cm™!
(830cm ! in DNA-sugar C »-endo) by 1.4; theband at 878 cm !
(887cm! in DNA-deoxyribose vibration) by 5.5. The dras-
tic increase of the band at 830 cm™! indicate to B-form
DNA. These drastic changes could be associated with
the contribution of the SWCNT absorbtion at 789, 933,
993 cm!. However, this contribution has non-additive
features as we could see from difference spectra [(DNA-
SWCNT complex — DNA)]. The appearance of the band
at923 cm! could be assigned to Z-conformation of DNA.
The latter fact is indicative of partial presence of Z-form
helix.
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4. Conclusions

The analysis of vibration modes of DNA with SWCNT
has shown that the structural changes in DNA are ob-
served and could be interpreted as A-B transition and
stabilisation of DNA structure in some DNA fragments.
Other DNA structural changes connected with unknown
conformation states of DNA are simultaneously observed.
We registered very slight graphite influence on DNA struc-
ture. The obtained data could describe the model of DNA
wrapping around SWCNT. The similar situation occurs
in chromosomes during DNA assembling by histones.
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