Low frequency vibrational modes of 6-thiopurine in Ar matrices and composite films with
graphene oxide : FTIR spectroscopy analysis and quantum mechanical calculations
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The study of the fundamental physical and chemical properties of the constituent parts of DNA and RNA in various physical conditions is a topical area of
modern science. It is of great interest to study modified bases of nucleic acids, in particular sulfur or halogen derivatives. Some of these modified analog of
the canonical DNA and RNA bases can be the basis for different drugs. For example, 6-thiopurine (6TP) and 5F-uracil (5FU) have shown effect on cell
proliferation and are used in anticancer therapy, 5CI, 51- and 5Br-uracil are used in studies of mutagenesis and DNA radiation damage. Therefore, the study
of interactions between these derivatives of nucleic acid bases and carbon nanoparticles are of great interest in terms of developing composite carbon
nanostructures with various nanotechnological and biomedical functions.

Tautomers of 6-thiopurine (6 TP) in low temperature Ar matrices
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Low frequency region of the vibrational spectra of some nucleic acid bases in isolated state and composite films with

(calculated by DFT/B3LYP/6-311 ++ G (df, pd) method.

graphene oxide (GO)

5CU+GO1

SCU+G02

0.3 Q24 Vy, Vi, %

2v33 .
o & i\\
Q27 |
FR5 ~ “ ‘e
30
FR4 Q
: : : — o :
0.05 4 > Q0 i IIIustrat!on qf a graphene oxide GO1 film and 2015 || H vo20 B >
V-V : 5 composite films 5CU +GO1 and 5CU+G0O2 2 =
: : - deposited by a drop method on copper 8 (10 B Eu
7 mirrors. 1 is an annular residue (“coffee g o
- -, o i< s Q30 o
. : @ ring”) caused by the phase boundary pinning 8 .05 [ ©
L < while drying. O JJ Q27 Q18 014 %
1045 1025 1005 8 0.00 M . i O
' | ' ' ' | ' -E..'_ :
Q30(yN9H) B1 ©

1800 1600 1400 1200 1000 800 600

1800 1400 v cm ~'1000 600 .
vcm
A B Vibrational spectra of 5CU films on Vibrational spectra of composite films

5CU/GO?2 at different specific density of

different substrates in the region of 1,800— _
; 500 cm-: (a) 5CU film on a copper mirror 5CU molecules in the area of 1800-500

] 1 "
600 400 vem™ 200 Image of the composite film 5CU/GO (A) and  after heating (T = 295 K); (b) 5CU film C cm: (a) specific density 50 - 10-6

! ! 1 ite fi ' : _ , : /cm?; (b) 25 - 10-6 g/cm?; (c) 12 - 10-6

290 570 v FTIR spectrum of 6-thiopurine in the range of bending the Comp.OSIte film SBU/MoS2 (B) \.NhICh after heating (T __2_95 K); (c) 5CU film on g/ 2 -(”? t gf t( )| film GO2

vibrations of the ring and exocyclic groups (750-200 Were applied by the drop method On MITTOrS.  GO1 after deposition (T = 10 K). The grem= be Speg rufm 0 Cohn rol tim f

IR-Fouri t f adeni d E . t cm?t) A) - Ar matrix, (T = 8K, M / S = 700). Stacking F_llm B shows a r_lng_-shaped dEpOSIt_( coffee specific density of the 5CU molecules is Was SU- tra_cte rom the spectra o
“rourler spectra ot ademng and  ermi resonan structure is shown on this slide. B) calculation by the ~ ring”) caused by pinning of the phase interface  approximately 45 - 10-6 g/cm? for film (a) CRIAORE 1T

splitting: A) -- in-plane pendulum oscillation 3, NH2;
B) -- out-of-plane oscillations yYN9H in matrices: Ar (1),
Kr (2), Ne (3). The dotted line shows the frequencies of
possible combination oscillations.

DFT/B3LYP/6-311++G(df,pd) method for the tpl during drying. and 15 - 10-6 g/cm? for films (b) and (c)
tautomer C) calculation for the tp4c tautomer. FRi —

combination mode changed by Fermi resonance. Dotted

lines show the frequencies of possible combination

bands. Qi - mode number

Conclusions

1) It was found that 6-thiopurine molecules can be fixed in low-temperature matrices at sublimation temperatures of 440-450 K without thermal decomposition. It was determined that the population of minor
N9OH-thiol forms is 19 + 5% when the evaporation temperature is 440 K.

2) In the entire spectral range of 3500-200 cm, the 9 bands of the vibrational spectrum of the cis-N9H-thiol form of 6-thiopurine, which do not overlap with the bands of the basic thione tautomer, have been
assigned.

3) In the region of bending vibrations, a splitting of the spectral bands caused by the Fermi resonance is found. Five combination bands enhanced by resonance were revealed. The combination bands in the
low-frequency region include librational modes. The matrix leads to the noticeable increase of the frequency of the “butterfly” modes of the 6-thiopurine rings.

4) In all experiments, the biomolecules/GO composite films demonstrated resistance to thermal cycling between 10 K and room temperature.

5) It has been established that the interaction between the nucleic acid bases and GO structures most noticeably affects the out-of-plane bending vibrations (y) of NH groups.

6) The possibility of creating stable biomolecules/GO composite structures that can be used for further research in nanophysics and nanomedicine is shown.
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