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We employ low-temperature matrix-isolation FTIR spectroscopy and quantum chemical calculations to study
the interaction between nucleobase uracil and coronene which models the graphene surface. To observe the di-
mer FTIR spectrum, we use a quartz microbalance that allows us to produce matrix samples with precisely de-
(with the concentration ratio of 2.5:1:1000 for
coronene:uracil:argon). The interaction between coronene and uracil results in spectral shifts of uracil spectral

termined concentrations of coronene and uracil

bands. These shifts do not exceed 10 cm™. The maximum shifts are observed for the C=0 stretching and NH
out-of-plane vibrations of uracil. The structures and interaction energies of stacked and H-bonded coronene-
uracil complexes are calculated at the DFT/B3LYP(GD3BJ)/aug-cc-pVDZ and MP2/aug-cc-pVDZ levels of the-
ory. In total, 19 stable stacked and two H-bonded coronene-uracil dimer structures are found in the calculations.
The interaction energy obtained for the most stable stacked dimer is — 12.1 and — 14.3 kcal/mol at the DFT and
MP2 levels, respectively. The interaction energies of the H-bonded dimers do not exceed — 3 kcal/mol. The IR
spectra of the studied monomeric molecules and of all the dimers are calculated at the
DFT/B3LYP(GD3BJ)/aug-cc-pVDZ level of theory. The spectral shifts of the most stable stacked coronene-

uracil dimer obtained in the calculations are in good agreement with the experimental results.
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1. Introduction

Significant interest in the study of hybrid materials based
on graphene nanoparticles and graphene oxide also draws
attention to polycyclic aromatic hydrocarbons (PAHs), as
some of these systems, such as, for example, coronene
(Cy4Hyy, Fig. 1), can be considered as simple models of the
graphene surface [1-3]. It should also be noted that PAHs
are also now a popular subject of astrophysical research
due to their presence in the interstellar space. For example,
PAHs were recently discovered in the atmosphere of Titan,
as well as in a satellite of Saturn, by the Cassini-Huygens
space probe mission [4]. It has been hypothesized that
PAHs may be important intermediates in the formation of
primitive organic molecules in outer space and in facilitating

the creation of life in the universe. All this has stimulated
interest in spectroscopic studies of the interaction of PAHs

Uracil

Coronene

Fig. 1. Structure of the coronene and uracil molecules.
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with molecular components of biomolecules, in particular,
with nucleic acid bases. Importantly, unlike graphene, even
relatively large PAHs, such as coronene (C,4H;,) or ovalene
(C3,Hyy), can be evaporated and moved intact to the gas
phase. This makes it possible to use precision spectroscopic
methods to study these systems. One of such methods is
the low-temperature matrix-isolation FTIR spectroscopy.

IR spectra of coronene isolated in neon and argon ma-
trices were studied previously [5, 6]. The first study of
coronene isolated in a neon matrix [5] demonstrated that
the vibrational frequencies of the matrix-isolated coronene
molecule are close to the frequencies of coronene detected in
the gas phase [7, 8] and that the band broadening is weak.
In the subsequent study, Hudgins and Sandford analyzed
the IR spectrum of coronene isolated in argon matrix [6]
and showed that the IR spectrum of this system is quite
simple due to its high symmetry (Dg;) [5, 6]. Only a subset
of the coronene vibrations are active in IR spectra. The
spectral bands of the matrix-isolated coronene are very
sharp. Their half-width is about 1 cm ', which is signifi-
cantly different from the spectra of coronene in the gas
phase and in the condensed phase, where the characteristic
half-widths of the bands are about 20 cm . Another charac-
teristic feature of the IR spectra of matrix-isolated coronene
is the presence of a large number of combination bands in
the 1950-1700 cm ' range of the spectrum [6].

The IR spectrum of the matrix-isolated uracil monomer
is well studied [9-17]. It was shown that uracil is the only
nucleobase that exists as a single (diketo) tautomer. This
feature explains the choice of uracil as a component of the
complexes with coronene studied in this work. The pres-
ence of only a single tautomer of uracil in the matrix sig-
nificantly simplifies the analysis of the IR spectra of its
intermolecular complexes. Despite the absence of multiple
tautomers, in the region of the C=O0 stretching vibrations in
the IR spectra of matrix-isolated uracil, instead of two
bands (C,=O0 str and C,=O str), a significantly larger number
of bands appear. Their presence is explained by multiple
Fermi resonances between the fundamental C=O stretching
vibrations and various combination vibrations [9—17].

The matrix isolation method is used not only to study
monomeric molecules, but also molecular complexes [18-23].
An increase of the concentration of guest molecules in the
matrix results in appearance of their homoassociates. How-
ever, the isolation of heteroassociates in matrices is much
more difficult. Simultaneous increase of the concentrations
of both components of a binary complex results in for-
mation of both homo and heteroassociates in the matrices.
The changes in the IR spectrum due to the formation of
homoassociates are similar to the changes due to the for-
mation of heteroassociates and this significantly complicates
the analysis of the spectrum and, in most cases, makes it
impossible to separate the spectra of the two types of asso-
ciates. Earlier, it was shown that an effective way to obtain
a higher concentration of the heteroassociates is to increase

the concentration of only one components of the complex
[21-23]. This approach is used in this work.

Samples with the ratio of coronene, uracil, and argon
equal to 2.5:1:1000 are used in the present study. These
samples contain uracil and coronene monomers, coronene
dimers (due to higher concentration of coronene), and
coronene-uracil dimers. This allows us to identify changes
in the vibration frequencies of uracil appearing due to the
formation of the complexes with coronene by comparing
the vibration frequencies of the uracil monomer with the
vibration frequencies of the uracil-coronene complexes.
The preparation of the samples requires precise control of
the concentrations of uracil and coronene in the matrix. For
this we use a low-temperature quartz microbalance [24] to
precisely control the coronene and uracil gas flows during
the deposition of matrices.

The aim of this work is to identify the IR spectral mani-
festations of the interaction of coronene with uracil. Also,
based on a comparison of the experimental IR spectra and
the spectra calculated for various configurations of the
uracil-coronene dimer, the configurations present in the ma-
trices are identified.

2. Experimental methods and calculations

Low-temperature FTIR spectra of coronene and uracil
(Sigma-Aldrich, USA) monomers, as well the coronene-
uracil heterodimer, in argon matrices are recorded in the
3600200 cm ' frequency range using the matrix isolation
spectroscopy setup described in detail in the earlier works
[24-27]. The apodised resolution of the frequency meas-
urements is 0.3 cm . During the matrix deposition, the
molecular flows of the studied compounds are monitored
using low-temperature quartz microbalances [24] and set to
10-50 ng/s cm” with the precision of +1 %. The concentra-
tions of coronene and uracil in the matrices (M/S, the ma-
trix-to-sample ratio) are 1000:1. The evaporation of coronene
for the monomer samples is done at the temperature of
460 K. The samples for studying the coronene-uracil hetero-
dimers are prepared with M/S of 2.5:1:1000 (coro-
nene:uracil:argon). The matrices are deposited onto a pol-
ished copper mirror at the temperature of 6 K. The purity of
the matrix gas (Ar) used in the experiments is > 99.99 %.
The evaporation of uracil and coronene from Knudsen
cells for the heterodimers experiments is done at the tem-
peratures of 445 K and 520 K, respectively. The Fityk
software is used for deconvolution of the experimental
bands into their constituents with the approximating func-
tions being either Gaussians or Lorentzians [28].

The equilibrium structures and the corresponding har-
monic IR spectra of the coronene and uracil monomers, as
well their stacked and H-bonded complexes, are calculated
using the DFT approach with the B3LYP density functional
[29] and with the empirical dispersion correction, GD3BJ
[30]. The standard aug-cc-pVDZ basis set [31] is used in the
calculations. The interaction energies for the complexes are
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calculated with accounting for the BSSE [32] and ZPVE
corrections. The interaction energies of the most stable di-
mers are also calculated at the MP2/aug-cc-pVDZ level of
theory to estimate the accuracy of the DFT/B3LYP(GD3BJ)
calculations. All quantum-mechanical calculations are per-
formed using the Gaussian 16 program package [33].

3. Results and discussion

3.1. Structures and relative stabilities
of coronene-uracil dimers

In searching for possible stacked structures of the
coronene-uracil dimer, we first select 34 starting structures.
In these structures, the uracil molecule is located in differ-
ent positions relatively to the coronene molecule. Different
distances between the uracil molecule and the center of the
coronene molecule in the selected structures are chosen.
The rotation of the uracil molecule is also considered in the
selected starting structures. The direction of the displace-
ment of the uracil molecule away from the center of the
coronene is varied within 30° taking to account only direc-
tions which are unique within the Dg, symmetry of the
coronene molecule. The coronene-uracil dimer structure is
fully optimized at the B3LYP(GD3BJ)/aug-cc-pVDZ level
of theory with the optimizations starting with all the select-
ed 34 initial structures. The optimizations are followed by
the harmonic frequency calculations to verify that the equi-
librium geometries found in the calculations are true min-
ima on the dimer potential energy surface. No imaginary
frequencies are found for any dimer geometry. The results
of the frequency calculations are used to account for the
ZPVE correction. The calculated IR spectra are subsequent-
ly used to analyze and assign the experimental spectra. Fi-
nally, the BSSE corrections are also calculated using the
standard counterpoise procedure. In total, 19 unique stacked-
dimer structures denoted as ST1-ST19 are identified among

ST1 ST2

STS ST6

Table 1. BSSE and ZPVE corrected interaction energies (/E,
kcal/mol) calculated at the DFT/B3LYP(GD3BJ)/aug-cc-pVDZ
and MP2/aug-cc-pVDZ levels of theory for stacked (ST) and
H-bonded (HB) coronene-uracil dimers

Dimer 1Eprr IEy;p»
ST1 -12.1 —-14.3
ST2 -11.7 -13.8
ST3 -11.5 -13.5
ST4 -11.4
ST5 -11.4
ST6 -11.3
ST7 -11.3
ST8 -11.2
ST9 —11.1
ST10 -11.0
STI11 -11.0
ST12 -10.6
ST13 -10.6
ST14 -10.1
ST15 -10.0
ST16 -9.9
ST17 -9.9
STI18 -9.6
ST19 -1.3
HBI1 23
HB2 -1.8

the 34 structures obtained in the calculations. The interac-
tion energies for the 19 structures are shown in Table 1.
The geometries of the 6 most stable coronene-uracil dimers
are shown in Fig. 2. The interaction energy in the most
stable dimer, ST1, is — 12.1 kcal/mol. It should be noted
that the interaction energies of stacked dimers are close

ST3 ST4

ST7 STS8

Fig. 2. Structures of the most stable coronene-uracil dimers calculated at the B3LYP(GD3BJ)/aug-cc-pVDZ level of theory.
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Fig. 3. Structures of the H-bonded coronene-uracil dimers calcu-
lated at the B3LYP(GD3BJ)/aug-cc-pVDZ level of theory.

and for the 10 most stable structures the differences in in-
teraction energies are within 2 kcal/mol. This means that
the presence of various dimer structures in the matrix can
be expected.

The structures of the three most stable dimers are
reoptimized at the MP2/aug-cc-pVDZ level of theory to
check the reliability of the B3LYP(GD3BJ) geometry op-
timizations. The resulting ZPVE and BSSE corrected ener-
gies are shown in Table 1. As it is seen, the MP2 interac-
tion energies are larger than the DFT energies by about
15-20 %. At the same time, the stability orders predicted
by both methods are the same.

Calculations are also performed for hydrogen-bonded
coronene-uracil dimers. These dimers are stabilized by a
weak CHee*O hydrogen bond. Two dimer structures are
found in the calculations (Fig. 3). They are denoted as HB1
and HB2. Their relative energies are given in Table 1. As
expected, the intermolecular interaction in the H-bonded
dimers is significantly weaker than in the stacked dimers.
In the most stable H-bound dimer (HB1), the interaction
energy is only - 2.3 kcal/mol, which is considerably less
than for all stacked dimers. This suggests that formation of
the H-bonded dimers in matrices is unlikely. In all stacked
dimers, the contacts of the polar groups of uracil with the
edge atoms of the coronene molecule are observed. To elu-
cidate this effect further, calculations of charges on coronene
atoms are performed with the Merz—Singh—Kollman scheme
[34, 35]. The resulting charges and the distribution of the
electrostatic potential in the most stable coronene-uracil
dimer, ST1, are shown in Fig. 4. As can be seen, the termi-
nal hydrogen and carbon atoms of the coronene molecule
have relatively high charges. This indicates that the stacked
dimers are stabilized not only by the dispersion interactions,
but also by electrostatic interactions. Frontier orbitals of
the ST1 dimer (Fig. 5) demonstrate the extent of overlap-
ping of the & systems of coronene and uracil.

The calculations of the coronene-uracil dimer performed
in this work demonstrate a complex shape of the potential
energy surface of this system with multiple minima. In such

0.03¢ I M-0.03¢

Fig. 4. Calculated atomic charges of the coronene molecule (a)
and the electrostatic potential of the most stable coronene-uracil
dimer, ST1 (b).

a case, important parameters to calculate are the energy bar-
riers separating the local minima. If the values of these bar-
riers are less than approximately 1 kcal/mol, interconversion
between various structures is usually observed during the
deposition of matrices [36]. The interconversion results in
transitions of less stable structures to more stable ones. This
process can significantly affect the composition of the matrix
samples. To elucidate this effect, additional calculations of
the values of the energy barriers for the coronene-uracil

Fig. 5. Frontier molecular orbitals of the most stable coronene-
uracil dimer ST1.
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Table 2. Energy barriers (Ey,,, kcal/mol) separating some min-
ima on the potential energy surface of the coronene-uracil dimer
calculated at the DFT/B3LYP(GD3BJ)/aug-cc-pVDZ levels of
theory including accounting for the BSSE correction

Transition By
ST2 — ST1 0.47
ST3 — ST2 0.19
ST4 — ST2 0.29
ST5 — ST3 0.17
ST6 — ST1 0.16
ST7 — ST3 0.22
ST8 — ST7 0.43

system are performed. These calculations are carried out
for pairs of dimers with similar structures, i.e., likely corre-
sponding in adjacent local minima. The results of the cal-
culations for the most stable dimers (ST1-ST8) are shown
in Table 2. As it is seen, for all transitions from a less sta-
ble dimer to a more stable one, the barriers do not exceed
0.5 kcal/mol. This should lead to transitions of most of the
higher-energy dimer structures predicted in the calcula-
tions to more stable configurations. Therefore, it can be
assumed that only a small number of dimers exists in the
matrix. An analysis of the experimental IR spectra per-
formed next should show if the assumption is true.
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Fig. 6. Experimental FTIR spectrum of the matrix-isolated coronene
(a) and graphical representation of calculated IR spectrum of
coronene monomer (calculated at the BSLYP(GD3BJ)/aug-cc-pVDZ
level of theory) (b).

3.2. FTIR spectra of the coronene and uracil monomers

First, FTIR spectra of coronene and uracil monomers
isolated in argon matrices are obtained. These spectra are
used as a reference for the analysis of the dimer spectra.
The obtained spectra, as well as a graphical representation
of the IR spectra calculated with the B3LYP (GD3BJ)
method are shown in Figs. 6 and 7. The frequencies and
intensities of the coronene and uracil monomers are presented
in Tables 3 and 4, respectively. A comparison of the exper-
imental and calculated spectra shows very good agreement.

The comparison allows us to determine the optimal val-
ues of the scaling factors for the calculated spectral fre-
quencies. These factors are determined to be 0.96 for the
frequencies in the range over 2000 cm' and 0.98 for fre-
quencies in the range below 2000 cm . After scaling of the
calculated frequencies, the average difference between the
observed and predicted vibrational frequencies is about
5cm . The only exception is the region of the C=0
stretching vibrations of uracil (1800-1700 cm ). The reason
for the larger discrepancies in this range is the splitting of
the absorption bands of uracil due to the Fermi resonance
between the C=O stretching vibrations and combinational
vibrations or/and overtones.
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Fig. 7. Experimental FTIR spectrum of the matrix-isolated
coronene (a), uracil (b), and coronen-uracil dimer (c).
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Table 3. Experimental (v,, cm ', I, rel. units) (Ar matrix) and selected calculated at the B3LYP(GD3BJ)/aug-cc-pVDZ level of
theory (v,, cm™, I, km/mol) frequencies and intencities of the coronene monomer. The frequency scaling factors are 0.98 (<2000 cm™)

and 0.96 (> 2000 cm™). I;, is experimental relative integral intensities

Ar matrix Calculated Ar matrix Calculated
v, Lo V. 1. Assignment v, Lo v, 1, Assignment
3077.1 0.21 1317.0 1.25 1312 19.9 ring str, CH bend
3072.3 0.37 1313.2 0.19
3067.2 0.67 3059 85.0 CH str 1140.0 0.06
3065.6 0.35 1138.2 0.24
3056.8 0.12 1136.8 0.25 1131 9.3 CH bend
3051.9 0.13 3056 0.7 CH str 858.7 0.97
3044.3 0.17 857.8 1.34 852 151.2 CH out-of-plane
3039.7 0.12 857.1 0.99
3035.0 0.28 3041 6.4 CH str 856.4 0.87
3028.8 0.24 855.8 1.0
1924.0 0.15 852.0 0.38
1911.2 0.22 774.0 0.02
1896.5 0.25 771.6 0.39 768 6.0 ring bend
1808.2 0.05 771.0 0.14
1799.8 0.06 767.9 0.03
1783.6 0.27 5503 026
17205 0.26 549.6 0.59 545 43.2 ring bend
1697.2 0.26
548.7 0.41
1657.0 0.28 1624 54 C-C str
15314 0.08 2477 0.1
15051 | 0.14 | 1503 | 3.8 C-C str 469 | 0.16
1498.2 0.05 380.1 0.06 379 43 ring out-of-plane
13182 | 0.36 378.8 0.08

Table 4. Experimental FTIR spectrum of uracil monomer (frequencies: v, em, integral relative intensities: /., rel. units) and ex-

perimental differential spectrum of the coronene-uracil dimer (the spectrum of uracil monomers is subtracted from the spectrum of the

complex). Harmonic vibrational spectra of uracil monomer and uracil moiety in the coronene-uracil dimer are calculated at the
B3LYP(GD3BJ)/aug-cc-pVDZ level of theory (v,, cm™', I., km/mol). Scaling factors are 0.98 (< 2000 cm™") and 0.96 (> 2000 cm™)

Observed (Ar matrix) Calculated
Uracil monomer Differential spectrum Uracil monomer Dimer ST1 Assignment
Ve L) Ve L) Ve 1 Ve 1.
1 2 3 4 5 6 7 8 9
1780.3 0.16
1773.7 0.97 1771.6 0.05
1769.9 0.59
1763.4 1.64 1765.8 0.02
1761.3 2.23 1756 625.6 C20 str
1756.9 1.52 1758.7 0.2
1755.3 0.32 1754.9 0.3 1745 374.6 C20 str
1740.3 1.53 1737.1 0.16
1732.5 1.36
1730.3 0.74
1728.1 0.99 1725 764.1 C40 str
1719.0 0.21
1717.9 0.1 1714 433.5 C40 str
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Continuation of the Table 4

Observed (Ar matrix) Calculated
Uracil monomer Differential spectrum Uracil monomer Dimer ST1 Assignment
Ve L) Ve Ll Ve 1. Ve 1.
1 2 3 4 5 6 7 8 9
1716.6 0.08
1708.9 0.03

1705.8 1.78

1703.6 1.33 1700.4 0.73

1697.7 1.34

1685.0 0.05

1679.9 0.05

1643.5 0.69 1642 48.8 1641 24.3 ring str

1516.1 0.15

1473.9 0.1

1471.6 0.54

1467.6 0.04 1469.2 0.01 1468 89.2 1470 41.5 NH bend

1464.8 0.11

1458.3 0.12

1399.5 0.48 1403.0 0.08 1384 46.1 1388 36.7 CH bend, NH bend

1398.4 0.26

1396.8 0.07

1388.5 0.17 1387.6 0.01 1375 61.9 1378 23.0 NH bend, ring str

1386.2 0.1

1380.2 0.14

1359.2 0.03 1352 21.3 1353 7.4 ring str, NH bend

1357.4 0.02

1306.1 0.03

1302.8 0.02

1217.4 0.04 1203 0.4 1205 0.3 CH bend, ring str

1186.5 0.13 1187.6 0.13 1173 106.7 1177 51.8 NH def, CH def

1184.1 1.42 1185.9 0.03

1102.2 0.11

1075.2 0.06

1068.3 0.07 1065 6.3 1066 1.9 CH bend

958.2 0.11 969 7.3 974 7.7 ring def
948 0.3 951 5.1 CH oop
946 8.6 947 1.2 NH def, CH def

805.5 0.15 805.0 0.1 804 60.6 798 73.0 CH oop

804.0 0.57 807.0 0.05

757.7 0.16 757.5 0.07 757 3.0 751 0.2 ring def, ring str

756.5 0.32 748 37.5 742 60.2 ring oop

717.1 0.05 712 17.7 707 20.0 CH oop

662.0 0.75 682 63.6 657 82.4 N3H oop

551.1 0.17 569 43.0 552 89.1 N1H oop
546 5.4 547 40.5 ring def

536.3 0.09 529 5.4 530 4.1 ring def

516.2 0.23 509 214 508 10.3 ring def

514.0 0.09
377 214 377 10.6 CO bend
166 0.0 161 2.2 ring oop
149 2.1 142 12.9 ring oop
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3.3. FTIR spectra of the coronene-uracil complexes

To identify the experimental IR spectral bands of the
coronene-uracil dimer, a matrix IR spectrum of the uracil
monomer and the spectrum of the coronene-uracil dimer are
measured. As noted earlier, the dimer spectrum is obtained
for samples with M/S=2.5:1:1000 (coronene:uracil:argon).
In addition to the coronene-uracil dimer, these samples con-
tain the uracil monomer, as well as the coronene monomer
and its dimers. Now, the main task is to identify the spectral
bands of uracil forming the dimer with coronene. For this, a
differential IR spectrum is calculated by subtracting the
spectrum of the of the uracil monomer from the spectrum
obtained for the coronene-uracil sample. The resulting dif-
ferential spectrum (range 1800—400 cm™') is shown in Fig. 7.
The figure also shows the spectrum of the uracil monomer.
As can be seen in the IR spectrum of the coronene-uracil
system, a significant decrease in the intensity of some bands
of the uracil monomer appears. This effect is due to the

formation of the coronene-uracil dimer. Also, new bands
appear in the IR spectrum (in Fig. 7(c) they are marked).
The vibration frequencies corresponding to the new bands
differ by a few inverse centimeters from the corresponding
vibrational frequencies of the uracil monomer. This allows
us to conclude that the new bands can be attributed to the
vibrations of uracil forming the dimer with coronene.

The experimental and calculated vibrational frequencies
and intensities of the uracil monomer and the coronene-
uracil dimer are shown in Table 4. As can be seen, the calcu-
lated shifts of the uracil vibration bands due to the formation
of the dimer with coronene are in good agreement with the
experimental data. In total, six new bands corresponding to
the vibrations of uracil forming the dimer with coronene are
identified. Both the experiment and the calculations are in
agreement in showing that the maximal spectral shifts of the
uracil bands due to dimerization are occurring for the C=0
stretching and NH out-of-plane vibrations (Fig. 8). For these
vibrations the experimental shift is about 10 cm™'. It should
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Fig. 8. (Color online) Graphical representation of the IR spectra of coronene (solid black line), uracil (solid red line), and coronene-
uracil dimer (dashed blue line) calculated at the B3LYP(GD3BJ)/aug-cc-pVDZ level of theory.
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also be noted that the experimental spectral manifestations
of the formation of coronene-uracil dimer are in good
agreement with the calculations performed for the most sta-
ble dimer, ST1. The strong prevalence of ST1 in the matrix
is consistent with the results of the calculations of the energy
barriers separating various configurations of the coronene-
uracil dimer in the potential energy surface which showed
the possibility of interconversion of most dimers to the most
stable ST1 configuration.

The information presented in this work on the IR spectra,
the interaction energy, and the structure of the coronene-
uracil dimer can be, for example, useful in designing and
fabrication of such a new class of fluorescent nanomaterials
as graphene quantum dots which have attracted considerable
attention due to their outstanding properties and potential
applications in nanomedicine as nanosized scaffolds for drug
delivery and bioimaging [37]. The information can also be
useful in fabrication of biosensors based on the graphene
field-force transistor with adsorbed DNA. Such sensors can
be employed in optoelectronics and energy-related fields.

4. Conclusions

In this work, coronene-uracil dimers are isolated in low-
temperature argon matrices and studied with the IR spec-
troscopy and with quantum-chemical calculations. The sam-
ples with matrix ratio 2.5:1:1000 (coronen:uracil:argon) are
prepared with the coronene and uracil concentrations pre-
cisely controlled using a low-temperature quartz microbal-
ance. The coronene-uracil dimer can be considered as the
simplest model of a biological molecule (nucleobase) ad-
sorbed on the graphene surface. The quantum-chemical
calculations are employed in this work to study the struc-
ture and the interaction between uracil and coronene. This
interaction results in spectral shifts of uracil bands. The
shifts do exceed 10 cm™' with the maximal shifts observed
for the uracil C=0 stretching and NH out-of-plane vibrations.
The structures and the interaction energies of stacked and
H-bonded coronene-uracil complexes are calculated at the
DFT/B3LYP(GD3BJ)/aug-cc-pVDZ and MP2/aug-cc-pVDZ
levels of theory. In total, 19 stable stacked and 2 H-bonded
coronene-uracil dimer structures are identified. The inter-
action energies obtained for the most stable stacked dimer
are —12.1 and —14.3 kcal/mol at the DFT and MP2 levels,
respectively. The interaction energies of the H-bonded
dimers do not exceed —2.3 kcal/mol. Energy barriers sepa-
rating some of the lowest energy minima on the potential
energy surface of the coronene-uracil dimer are calculated.
The energy-barrier calculations are carried out for pairs of
dimers with similar structures located in adjacent local
minima of the potential energy surface. The calculated
barriers do not exceed 0.5 kcal/mol. Such low barriers like-
ly lead to transitions of most of the higher-energy dimer
structures predicted in the calculations to more stable con-
figurations. Therefore, it can be assumed that only a small
number of dimers exist in the matrix. IR spectra of the

coronene and uracil molecules and their dimers are calcu-
lated at the DFT/B3LYP(GD3BJ)/aug-cc-pVDZ level of
theory. The results are used to calculate the shifts of the
uracil spectral lines. The shifts, which are due to the inter-
action between coronene and uracil molecules, are in good
agreement with the experimental results. The electrostatic
potential of the coronene-uracil dimers demonstrates that
the terminal hydrogen and carbon atoms of the coronene
molecule have relatively high charges. This shows that the
stacked dimers are stabilized not only by the dispersion
interactions but also by Coulombic interactions.
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S. Chen, and Z.Dai,

Komnnekcn KOpoHeH-ypaLumn B aproHOBUX MaTpuLsaXx:
IY cpyp’e-cnekTpockonisi Ta KBAHTOBO-MeXaHi4Hi
po3paxyHku

S. G. Stepanian, A. Yu. Ivanov, V. A. Karachevtsev,
L. Adamowicz

3acrocoBano MarpuuHy IU ¢yp’e-cneKkTpockoIio Ta KBaHTO-
BO-XIMiYHI PO3PAaXyHKH IJIsl BUBYCHHS B3a€MOJiil MiX HYKIICTHO-
BOIO OCHOBOIO ypaIMIOM Ta KOPOHEHOM, SIKHH MOJENIOE TTOBEPX-
HIO TrpadeHa. BUkopuCTaHHS KBapLOBHX MIKpPOBar IO3BOJIMIO
OTPHUMATH MaTPHUHI 3pa3Kd 3 TOYHHMH KOHLEHTPAILiSIMH KOpPO-
HeHy Ta ypauwiy (MarpuuHe criBBigHomeHHs 2.5:1:1000, kopo-
HEH:ypamwrLaprod). BeranosneHo, Mo B3aeMomist MK KOPOHECHOM
Ta ypaLuIoM IPU3BOAUTH O CHEKTPaIbHUX 3CYBIB CMYT ypaluiy,
AKi He HepeBHIIyroTh 10 cM™'. MakcHMabHi 3CyBH CIIOCTEpiramich
JUIsL BAJIGHTHUX KoimBaHb C=O rpyn Ta NO3aIUIOIMHHNAX KOJH-
Banb NH rpyn ypammry. Ctpykrypa Ta eHeprii B3aeMoii cTeKiHT
Ta H-3B’$3aHNX KOMIUICKCIB KOPOHEH-YpallWJl PO3PaxOBaHO 3 BHU-
xopucranusiM  Meronis  DFT/B3LYP(GD3BJ)/aug-cc-pVDZ Ta
MP2/aug-cc-pVDZ. Beboro 3uaiineHo 19 crabiabHHX CTEKiHT Ta
nBa H-3B’s13aHuX TMepiB KOpOHEH-yparmt. Eneprii B3aemoii, siki
OTpHUMaHi Jtsl HalOINbII CTabiNBHOTO CTEKIiHT-AUMEepY, CTAHOBIIIM
—12,1 ta —14,3 kkan/mons jas metoniB DFT ta MP2. Eneprii B3a-
emonii B H-3B’s13aHKX quMepax HeE MEPEeBUILYBAIU —3 KKaj/MOIIb.
T4 cnextpy mociiDkeHHMX MOHOMEPHHX MOJIEKYJ Ta BCIX JMMepiB
po3paxoBato 3 BukopucranusiM meroxy DFT/B3LYP(GD3BJ)/aug-
cc-pVDZ. OtpumaHi CHIeKTpanbHi 3CYBH, SIKi € HACIIKOM B3a€MO-
Jii KOPOHEHY Ta ypauuiy, 100pe y3ro/LKYIThCs 3 eKCIIePUMEHTa-
JBHUMH pe3yJIbTaTaMHy y BUIIaKy HaHOUIBII CTa0iIbHOTO TUMEpY.

Kiro4oBi cioBa: HU3bKOTEMIIEpaTypHa MaTpuyHa i3ossiiis, [4
CIICKTPOCKOIIisl, KOPOHEH, YpaI¥I, CTEKIHT.
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