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VIBRATION SPECTROSCOPY

AND QUANTUM-CHEMICAL CALCULATION
ANALYSIS OF INTERMOLECULAR
INTERACTIONS IN ORTHO-XYLENE AND ITS
SOLUTIONS WITH DIMETHYL SULFOXIDE

In this work, the intermolecular interactions in ortho-zylene and its solution in dimethyl sulfox-
ide (DMSO) were studied using vibrational spectra and quantum chemical calculations. Ana-
lysis of Raman spectra showed that DMSO affects the molecular spectral properties of ortho-
xylene, which is a result of solvent effects, hydrogen bonding, and m-electron interactions. The
mechanisms of molecular cluster formation were studied using density functional theory (DFT)
and the BSLYP 6-311++G(d,p) functional set. The calculations allowed us to analyze quan-
tum chemical parameters such as molecular electrostatic potential (MEP), frontier molecular
orbitals (HOMO and LUMO), Mulliken charges, electron localization function (ELF), and
localized orbital locator (LOL). The results obtained provide insight into the nature of the in-
teraction between ortho-zylene and DMSO molecules and enable a detailed investigation of
the formation of molecular clusters in solution. The analysis showed that w-bonds play a key
role in the interactions between ortho-zylene and DMSO molecules, leading to the formation
of molecular clusters and changes in the properties of spectral lines. This study makes an
important contribution to understanding the mechanism of intermolecular interactions in the
liquid phase.

Keywords: Raman, ab initio calculations, hydrogen bonding, ortho—xylene, DMSO, molec-

ular electrostatic potential (MEP) surface, FMO, HOMO, LUMO, ELF, LOL.

1. Introduction

The study of Raman spectra shows that intermolec-
ular interactions play a significant role, which leads
to changes in the spectral parameters of the inter-
acting molecules. The study of xylene solutions in
protic solvents is important, since the formation of
complexes changes the proton-acceptor properties of
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the studied system [1-5]|. Xylene (dimethylbenzene,
(CHs)2CgHy) consists of a benzene ring substituted
with two methyl groups, whose relative positions give
rise to three isomers: ortho-, meta-, and para-xylene
[6-8]. Complex formation in proton-donor solvents
also modifies the proton-acceptor properties of xy-
lene [9]. Chung et al. [10] studied ortho-, meta-, and
para-xylene, ethylbenzene, toluene, and aliphatic and
aromatic hydrocarbons in the process of xylene pro-
duction using IR spectroscopy. To further character-
ize xylene and its mixtures, the gas-phase IR spectra
of all three isomers in the range of 6500-540 cm™!
were measured, and all the principal vibrational fre-
quencies were assigned. Liquid-phase IR and Raman
spectra were also studied and calculated using the
density functional theory (DFT) [11]. The results of
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the Raman experiments and quantum chemical cal-
culations show that the dimeric aggregations of ben-
zene molecules with methyl alcohol and formic acid
molecules occur mainly with the participation of the
m-electrons of the benzene ring.These complexes are
stabilized by intermolecular interactions involving the
m-electrons of the benzene ring [12-14]. In our pre-
vious work, we studied ortho-xylene and its solu-
tion in chloroform, where we found that the symmet-
ric stretching vibration of the CHg groups of ortho-
xylene with ring symmetry shifts to lower frequencies
as the chloroform concentration decreases compared
to the pure state. The main reason for this shift is
that the hydrogen atom of the CH group of chloro-
form and the m-electrons in the aromatic ring partici-
pate in a CH...7 interaction. This leads to a decrease
in the vibrational frequency [15].

Understanding the structure of liquids and the in-
termolecular interactions in the liquid phase is im-
portant for detailed understanding of the microscopic
aspects of solution formation processes [16]. DMSO
((CH3)2S0) is a molecule with a C,; symmetry plane
containing S and O atoms, which has been used for
many years as an important inorganic solvent. The
two methyl groups of this molecule are equivalent,
and the hydrogen atoms in these groups are located
differently with respect to the oxygen and sulfur
atoms. The hydrogen atoms of the methyl groups are
considered to contribute significantly to the associ-
ation of DMSO molecules. Due to its rapid penetra-
tion through human skin, and its use as a therapeutic
agent for arthritis and bursitis, studying the structure
of the DMSO molecule is important in the medical
field [17,18].

The properties of xylene liquid mixtures were ana-
lyzed using computational chemistry, molecular dy-
namics, and quantum chemical calculations. Since
the intermolecular interactions involving aromatic
rings are of great interest, the fundamental and
structural features of the intermolecular forces were
determined. Molecular clusters, molecular distribu-
tion, and mixture dynamics were studied as func-
tions of the mixture composition and temperature,
and the results obtained demonstrated the suitabil-
ity of xylene for applications in the oil and gas
industry [19].

The literature review indicates that changes in the
spectral line shapes of ortho-xylene-DMSO solutions
have not been fully investigated to date. This issue

672

remains important and requires further study. In this
paper, various electro-optical and thermodynamic pa-
rameters of ortho-xylene-DMSO solutions were an-
alyzed using quantum chemical calculations. In ad-
dition, topological analyses, frontier molecular or-
bital analysis, Mulliken atomic charge analysis, and
molecular electrostatic potential (MEP) surface anal-
ysis were performed using density functional theory
(DFT).

2. Experimental and Theoretical Methods
2.1. Experimental method

The experiments were carried out using liquid mix-
tures of chemically purified ortho-xylene and DMSO
with mole fractions of 0.9,0.7,0.5,0.3, and 0.1. The
samples were further purified according to the meth-
ods described in [20].

All experiments were performed at room tempera-
ture and normal atmospheric pressure. Raman spec-
tra of ortho-xylene and its solutions with DMSO at
various concentrations were recorded using an In-
Via Raman spectrometer equipped with a diffraction
grating of 1200 lines/mm. The exposure time was 10
s, and the spectral resolution was 0.01 cm~!. A Spec-
trum Stabilized Laser Module laser with a wavelength
of 532 nm and a power of 50 mW was used as the exci-
tation source. The scattered light was recorded using
the Renishaw CCD detector.

2.2. Computational method

Quantum chemical calculations were performed us-
ing Gaussian 09W [21], the density functional the-
ory DFT/6-311++G(d,p) method and the B3LYP
(Becke-3-Lee-Yang-Parr) hybrid functional [22, 23].
Spectra were plotted using Origin 8.5 [24]. The geo-
metric structure of the molecule was visualized using
GaussView 6 [25] and VMD [26]. ELF and LOL topo-
logical parameters were calculated using Multiwfn 3.8
(Win 64) [27].

3. Results and Discussion

3.1. Raman spectra of ortho-xylene
and its solutions with DMSO

Figure 1 shows the experimental results obtained
for pure ortho-xylene and its solutions in DMSO. It
can be seen from the figure that the Raman scat-
tering spectra of pure ortho-xylene are complex and
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exhibit several vibrational maxima. In pure ortho-
xylene, the spectral band corresponding to the C-H
vibration of the CHz group is located at 255 cm™!,
and in solution in DMSO, this spectral line shifts to
252 cm~!. The C-H symmetric vibration of ortho-
xylene at 733 cm™! is shifted to a lower frequency
under the influence of DMSO, and with a decrease
in the ortho-xylene concentration in the mixture and
an increase in the DMSO content, this shift contin-
ues to 731 cm~!. The spectral lines at 1157 cm™!
and 1223 cm™! correspond to the HCC and CCC
deformation vibrations of the ring, and in the pres-
ence of DMSO, both vibrations shift to lower fre-
quency by 3 cm™!, respectively. Similarly, the spec-
tral line at 1607 cm~!, which corresponds to the de-
formational CC vibration of the ortho-xylene ring,
shifts to a lower frequency by up to 4 cm~! with in-
creasing DMSO content in the solution (1606 cm™!
at 0.9 m.f., 1605 cm™! at 0.7 m.f., 1604 cm™! at
0.5 m.f., and 1603 cm~! at 0.3 m.f.) (Fig. 1). The
main reason for such changes is the solvent ef-
fect. DMSO surrounds the ortho-xylene molecules
and interferes with their free vibrations. This causes
the C—H bond to be shortened, which reduces the
vibrational frequency.

Figure 2 shows the Raman spectra of ortho-xylene
and its solutions in DMSO in the vibrational fre-
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quency range 2800-3200 cm~!. It can be observed

that C—H vibration of the CH3 group of pure ortho-
xylene, which occurs at 2919 cm™!, shifts to a
lower frequency and reaches 2912 cm ™' with increas-
ing DMSO content in the mixture. The shift of the
2919 cm™! line in the Raman spectrum to a lower
frequency is observed as a result of interaction of
the C—H bonds of the methyl group of DMSO with
the 7 electrons of ortho-xylene. The spectral line cor-
responding to the 3044 cm™! vibration of ortho-
xylene shifts to a lower frequency, reaching 3041 cm ™!
with increasing DMSO concentration, i.e., by 3 cm ™!
with decreasing ortho-xylene concentration in the
solution. This vibration band is not observed when
the concentration of ortho-xylene in the solution de-
creases to 0.1 m.f. Experiments show that in solu-
tions of pure ortho-xylene with DMSO, a shift of the
spectral lines to lower frequency was observed. The
main reason for this shift may be the formation of
CH---7 interactions between the hydrogen atom of
DMSO and the m-electrons of the aromatic ring of
ortho-xylene.

3.2. Molecular electrostatic
potential (MEP)

Molecular electrostatic potential (MEP) is useful for
visualizing the charge distribution in ortho-xylene
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and its DMSO complexes, as well as for studying
charge-dependent parameters such as electrophilic
and nucleophilic processes and binding. Different col-
ors on the molecular electrostatic potential (MEP)
surface help to identify the reactive regions of the
molecule [28-32]. Figure 3 depicts the MEP using dif-
ferent color classifications. It is represented in differ-
ent colors depending on the magnitude of electrostatic
potential. Orange < yellow < green < blue is shown
in the order of increasing electrostatic potential [33,
34]. Molecular electrostatic potential or molecular po-
tential surface mapping visually represents the charge
distribution in ortho-xylene monomers, dimers and
ortho-xylene + DMSO complexes. Charge-dependent
parameters play an important role in the study of
electrophilic, nucleophilic reactions and bonds, while
another purpose of finding the electrostatic potential
is to identify the reactive sites of the molecule. The
MEP map from -2.678 e72 eV to 2.678 e 2 eV
shows that the ring center in the monomer of ortho-
xylene has a negative potential. The red color cor-
responds to the electrophilic region, which is as-
sociated with the largest negative charge of the
molecule. The yellow color around the C-H group
located along the ring is a slightly electron-rich re-
gion whereas the green color represents zero po-
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1 DMSO in the range of 28003200 cm~1!
3200 (concentrations are given as mole frac-
tions of ortho-xylene)

tential. The blue color around CH3 indicates that
the nucleophilic part is positively charged. When the
MEP map given in the range —2.669 e 2+2.66e2 eV
is viewed for the ortho-xylene dimer complex, we
can see that the hydrogen atom in the CHs group
of ortho-xylene is directed towards the ring cen-
ter of the second ortho-xylene, and the colors in
the MEP also indicate that the dimer is formed
through this type of interaction. When we look at
the ortho-xylene +1DMSO complex, the hydrogen
atoms in the CHjs groups of ortho-xylene form a bond
through the oxygen atom in the S=0 group of DMSO
(-5.182 €72+5.182 e2 eV). The highest MEP poten-
tial of the ortho-xylene + 2DMSO complex was found
to be (-6.730 e72+6.730 e~ 2 eV).

3.3. Frontier Molecular
Orbital (FMO) Analysis

The electronic properties and reactivity of molecules
can be explained by examining their frontier molec-
ular orbitals, i.e. the highest occupied molecular or-
bital (HOMO) and the lowest unoccupied molecular
orbital (LUMO). These orbitals are the outermost re-
gions of the electronic structure of a molecule and
play a crucial role in various chemical processes, es-
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Fig. 3. MEP Diagram for ortho-xylene + DMSO complexes

pecially those involving electron transfer. The HOMO
is primarily important for electron-donating or nucle-
ophilic reactions. A molecule with a relatively high
energy HOMO is usually a good electron donor and
can easily participate in oxidation or nucleophilic re-
actions. In contrast, the LUMO represents the lowest-
energy orbital available for electron occupation, i.e.,
an electron-occupied or empty molecular orbital. Mo-
lecules with low LUMO energies are generally good
electron acceptors and can participate in electrophilic
reactions [35-38|. The energy difference between the
HOMO and LUMO is often an important characteris-
tic of molecular reactivity. A smaller HOMO-LUMO
energy gap means that the molecule is more easily
excited, making it more reactive.

Figure 4 presents the HOMO-LUMO visualization
of ortho-xylene and its complexes with DMSO. Ta-
ble 1 presents the FMO-derived properties based on
the energy gap data, including the electrophilicity in-
dex, chemical hardness, chemical softness, and elec-
tronegativity of the complexes, and the thermody-
namic and chemical parameters in ortho-xylene and
its solutions in DMSO, as well as the parameters de-
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termined by the HOMO and LUMO energy differ-
ence. According to Table 1, the dipole moment for the
ortho-xylene + DMSO complex is larger than that of
the monomer.

The vibrational energy and HOMO-LUMO en-
ergy difference are the largest for the ortho-xylene
monomer (144.6709 kcal/mol). For the ortho-xylene
dimer, it is 141.7443 kcal/mol. For the ortho-xy-
lene + 1IDMSO complex, it is 127.1736 kcal/mol
whereas for the ortho-xylene+2DMSO complex,
it is 137.1659 kcal/mol. The ionization potential
values are 151.3151 kcal/mol (ortho-xylene mo-
nomer), 150.852 kcal/mol (ortho-xylene dimer),
140.1001 kcal/mol (ortho-xylene + 1DMSO), and
146.949 kcal /mol (ortho-xylene + 2DMSO). The elec-
trophilicity index is highest for the ortho-xylene -+
+ 1DMSO complex (46.03656 kcal/mol).

3.4. Mulliken charge distribution

of ortho-zylene and DMSO complexes
Mulliken atomic charge analysis using quantum che-
mical calculations plays an important role in explain-
ing the molecular behavior of complexes, as atomic
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Fig. 4. Frontier molecular orbital diagram of ortho-xylene and its solutions

charges affect a number of molecular properties, in-
cluding electronic structure, reactivity, dipole mo-
ment, polarization, and vibrational spectra [39]. Ta-
ble 2 presents the Mulliken charge distributions
for the ortho-xylene monomer, dimer, and DMSO
complexes.

676

Figure 5 shows the Mulliken charge distributions
for these complexes. These distributions play an im-
portant role in charge transfer between the interact-
ing parts of the molecules. In the ortho-xylene mo-
nomer, dimer, and DMSO complexes, C!, C2, and
all hydrogen atoms are positively charged, whereas
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Table 1. Thermodynamical and chemical parameters of title compounds

Ortho-xylene Ortho-xylene Ortho-xylene + Ortho-xylene +

Parameters monori/ler dime}; + 1D§/ISO + QDK/ISO
Dipole moment (Debye) 0.6758 0.0022 5.94725 6.186403
Total energy (thermal) (kcal/mol) 102.038 205.857 155.752 211.951
Zero-point vibrational energy (kcal/mol) 97.262 194.686 147.076 197.34149
Exomo -151.315 -150,852 -140.1001 —-146.949
Er,umo —6.6465 -9.10584 -12.9286 -9.78277
ELumo — EnoMmo 144.6709 141.7443 127.1736 137.1659
Global hardness (1) = (FrLumo — Eromo) 72.3343 70.8722 63.5868 68.58294
Chemical potential (1) = (Erumo + Faomo) —~78.9808 ~79.9771 ~76.5154 —~78.3657
IP = — Enomo 151.3151 150.852 140.1001 146.949
EA = —FErumo 6.646497 9.10492 12.92861 9.78277
Electrophilicity index (w) = p2/2n 43.11921 45.1279 46.03656 44.77196

Table 2. Mulliken charge
distribution of ortho-xylene
Mulliken charge distribution (in electron units)
Atomic
number Ortho- Ortho- Ortho- Ortho-
xylene xylene xylene + xylene +
monomer dimer + 1DMSO | + 2DMSO

ct 0.572404 0.415232 0.698069 0.609991

C2 0.572409 0.406453 0.913015 0.610744

3 -0.536144 | —0.163701 | —0.639400 | —0.047164

ct —0.536142 | —0.166121 | —0.563627 | —0.047254

Cb —0.588616 | —0.705441 | —0.720399 | —1.011951

(ol —0.588615 | —0.711636 | —0.683802 -1.011350

c7 -0.172530 | —0.333694 | —0.236691 -0.451245

C8 —0.172529 | —0.333461 | —0.228040 | —0.451458

H? 0.115429 0.149043 0.119858 0.171806

H1O 0.115429 | 0.148487 | 0.120417 0.171707

HI! 0.147833 | 0.148576 | 0.124377 0.227981

H2 0.147735 | 0.192742 | 0.147285 0.228685

H13 0.156311 0.142785 0.148744 0.124767

H4 0.147700 0.148062 0.196524 0.228399

H15 0.156311 0.142953 0.144911 0.124800

H16 0.147868 | 0.193200 | 0.142850 0.227722

H17 0.157574 0.163239 0.152411 0.165374

H18 0.157574 0.163223 0.152109 0.165409
the C3, C*, C®, CY, C7, and C® atoms are negatively
charged.

During complex formation, the electron density at
the H'? hydrogen atom in the CHj group increases
dramatically due to the charge transfer between the
hydrogen atom and the oxygen atom of DMSO. The
charge on the carbon atom changes from 0.147735e
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in the monomer to 0.228685e in the ortho-xylene +
+ 2DMSO complex. Similarly, the charge on the car-
bon atom (C®) in the CHjz group involved in the
bonding decreases from —0.588616e to —1.011951e
(ortho-xylene + 2DMSO) (Table 2). Such changes in
the charge distribution lead to an increase in the
bond length of the CH3 group, resulting in changes
in the vibrational frequencies at different solvent
concentrations.

For the ortho-xylene + 2DMSO complex, the ato-
mic charges of H'2 and H'? increase, whereas the ab-
solute values of the charges on H'? and H'® decrease.
Figure 5 shows that the charge distribution for
the complexes ortho-xylene + 1DMSO and ortho-xy-
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Fig. 5. Mulliken charge distributions of ortho-xylene + DMSO
complexes
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lene + 2DMSO is also modified, and this change is sig-
nificant for the atoms participating in the interaction.

3.5. ELF and LOL analyses

Electron localization function (ELF) and localized
orbital locator (LOL) analyses are widely used to
describe chemical bonding in atomic and molecular
systems and to identify regions of electron localiza-
tion [40]. Whereas ELF describes the localization of
paired electrons, LOL describes the maximum lo-
calized orbitals that overlap each other due to the
gradient of orbitals. The maximum number of elec-
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Fig. 7. LOL maps of the studied complexes

tron pairs in the space between molecules due to
covalent bonding forms the main line of ELF and
LOL maps [41, 42]. Figures 6 and 7 show ELF and
LOL color maps for ortho-xylene monomer (a), ortho-
xylene dimer (b), and ortho-xylene+ 1IDMSO (c¢),
ortho-xylene + 2DMSO (d) complexes. The color val-
ues on the y-axis are given on a scale from blue to red,
with ELF values ranging from 0 to 1.0 and LOL val-
ues ranging from 0 to 0.8. Both ELF and LOL have
an interval scale, representing bound and unbound
localized electron bands ranging from 0.5 to 1.0.

ISSN 2071-0194. Ukr. J. Phys. 2026. Vol. 71, No. 8



Vibration Spectroscopy and Quantum-Chemical Calculation Analysis

Delocalized electrons are indicated by regions
where the ELF or LOL values are <0.5. Red and
orange colors correspond to high electron localiza-
tion. The region between the core and valence shells
is represented by a blue area. In the ELF and LOL
maps, red corresponds to the highest localization val-
ues, indicating the presence of both bonded and un-
bonded electrons. The red color area with high ELF
or LOL values shown around hydrogen atoms indi-
cates a lone pair of electrons due to covalent bonding
or high localization of electrons due to the presence
of a nuclear shell in this area.

4. Conclusions

The presence of interactions between ortho-xylene
and DMSO and the resulting spectral line shifts
due to solvent effects, hydrogen bonding and -
electrons were observed. Raman spectra of ortho-
xylene/DMSO binary mixtures with concentrations
of 0.9, 0.7, 0.5, 0.3 and 0.1 mole fractions were stud-
ied. In pure ortho-xylene, the spectral band corre-
sponding to the C-H vibration of the CHj3 group
was observed at 255 cm ™!, and in solution in DMSO,
this spectral line was found to be at 252 cm™*, cor-
responding to a red shift of 3 cm™!. The spectral
lines corresponding to the HCC and CCC ring defor-
mation vibrations were observed at 1157 cm~! and
1223 cm™!, and in solution with DMSO, both vi-
brations were shifted to lower frequencies, respec-
tively. The shift of the 2919 cm~! line in the Ra-
man spectrum to a lower frequency is observed as
a result of the interaction of the C-H vibration of
the methyl group of DMSO with the m-electrons of
ortho-xylene in the solvent environment (solvation ef-
fect). The main reason for this shift to a lower fre-
quency is the formation of CH:--7 interactions be-
tween the hydrogen in the CH group of DMSO and
the 7 electrons of the aromatic ring of ortho-xylene.

The formation mechanisms of molecular clusters
of ortho-xylene and its solutions with DMSO were
studied using density functional theory (DFT) and
B3LYP 6-311++G (d,p) functional set. The charge
transfer on each atom during the complex forma-
tion was analyzed and the thermodynamic parame-
ters were studied. The structural parameters of the
molecules, molecular electrostatic potential (MEP),
electronic properties and reactivity of the molecules
were investigated by calculating their frontier molec-

ISSN 2071-0194. Ukr. J. Phys. 2026. Vol. 71, No. 8

ular orbitals, i.e. the highest occupied molecular or-
bital (HOMO) and the lowest unoccupied molecular
orbital (LUMO). Mulliken atomic charges, Electron
Localization Functions (ELF) and Localized Orbital
Locator (LOL) analyses were performed using the
DFT method. These topological analyses provide in-
sight into the intermolecular interactions and bonding
between the interacting molecules.
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KOJIUBAJIBHA CIIEKTPOCKOIIIS

TA KBAHTOBO-XIMIUYHNI PO3PAXYHKOBUI
AHAJII3 MIXKMOJIEKYJISIPHUX B3AEMOIIN
B OPTO-KCHJIOJII TA 1OI'O PO3YNHAX

3 JUMETWJICYJIb®OKCUIOM

Y miit poboTi HOCIIiIKEHO MiXKMOJIEKY/ISPHI B3a€MO/Iil B OpTO-
Kemyoni Ta Horo posumHi 3 guMernicyiabdokcugom (DMSO)
3a JIONIOMOI'OI0 AHAJII3y KOJIMBAJbHUX CIEKTPIB i KBaHTOBO-
XiMIYHAX pO3paxyHKiB. AHaJI3 CleKTPiB KOMOIHAIIHOTO PO3-
ciloBanust mokazas, mo DMSO BmimBae Ha MOJEKYISPHI
CIIEKTPaJIbHI BJIACTUBOCTI OPTO-KCHUJIOJLY, IO € Pe3yJIbTaTOM
BIUINBY PO3YMHHHMKA, BOJHEBHUX 3B’fI3KIB 1 7-€JIEKTPOHHUX

ISSN 2071-0194. Ukr. J. Phys. 2026. Vol. 71, No. 8

B3aeMofit. MexaHi3MU yTBOPEHHS MOJIEKYJISIDHUX KJlacTe-
piB JIOCTizKyBaucs B paMKax Teopil (pyHKIOHaa I'yCTHHU
(DFT) sa momomorono dynknionaasnoro nabopy B3LYP 6-
311++G(d,p). PospaxyHku nagu 3MOry IpoaHasi3yBaTH Ta-
Ki KBAaHTOBO-XiMiuHI ImapaMerpu, sk MOJIEKYJIAPHUN €JIeKTPO-
craruannii norennian (MEP), rpannuni mosekynapui opbita-
ai (HOMO i LUMO), sapsizn 3a MasutikeHoMm, dyHKIist JI0-
kamizanil esexkrponis (ELF) i jokarop sokanizoBanux op6i-
Tasieit (LOL). OrpuMani pe3ysbraTi JI0NOMaraloTh 3pO3yMiTH
npupony B3aeMonil Mixk MosekynaMmu opro-kcutory i DMSO
Ta YMOXKJIUBJIIOIOTH JleTajbHe BUBYEHHS (DOPMYBaHHS MOJIEKY-
JIIPHUX KJIACTEpiB y po3umHi. AHaJi3 MOKa3aB, [0 T-3B’sI3KH
BiZirpaioTh TOJIOBHY POJIb Yy B3a€MOZil Mi?K MOJIEKYJIaMU OPTO-
keusosty Ta DMSO, o cupuduHsie yTBOPEHHST MOJIEKYIISIPHUX
KJ1acTepiB 1 3MiHM BjacTUBOCTEN criekTpajabHux JiHiit. Ile mpo-
CJIPKEeHHsI POOUTDH BaKJIMBUII BHECOK Y PO3YMIHHSI MeXaHi3My
MI>KMOJIEKYJIIDHAX B3a€MOZiH y pimuHHIE dasi.

Katowoei cao6a: CHIEKTPH KOMOIHAIIITHOrO PO3CiIOBaHHS,
ab initio po3paxyHKU, BOJHEBUI 3B 130K, opTo-Kcuiaoa, DMSO,
IIOBEPXHEBUI MOJIEKYJISIPHUN €JIEKTPOCTATHYIHHUI IIOTEHIaJI

(MEP), FMO, HOMO, LUMO, ELF, LOL.
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