
PHYSICS OF LIQUIDS AND LIQUID
SYSTEMS, BIOPHYSICS AND MEDICAL PHYSICS

28 ISSN 2071-0194. Ukr. J. Phys. 2026. Vol. 71, No. 1

https://doi.org/10.15407/ujpe71.1.28

A. JUMABAEV,1 H. HUSHVAKTOV,1 A. ABSANOV,1 I. DOROSHENKO,1, 2

B. KHUDAYKULOV,1 L. DJUMANOV,1 Z. ERNAZAROV 1

1 Sharof Rashidov Samarkand State University
(15, University Blvd., Samarkand 703004, Uzbekistan; e-mail: abduvakhidj@gmail.com)

2 Taras Shevchenko National University of Kyiv
(64/13, Volodymyrska Str., Kyiv 01601, Ukraine; e-mail: dori11@knu.ua)

INSIGHTS INTO AMYL ACETATE–CHLOROFORM
INTERACTIONS: VIBRATIONAL SPECTROSCOPY
AND QUANTUM TOPOLOGY STUDY

This study employs density functional theory (DFT) and Raman spectroscopy to examine the
spectrum manifestation of the interaction between amyl acetate (AmAc) and chloroform. A
red shift in the C=O stretching vibration band was seen when the concentration of AmAc
in the solution decreased, suggesting that intermolecular hydrogen bonds were forming in the
solution. At the DFT/B3LYP/6-311++G(d, p) level, the optimal geometry of the complexes
consisting of AmAc monomers, dimers, and chloroform molecules was determined. Topological
analysis methods such as AIM, RDG, NCI, ELF, and LOL were used to gather information
regarding the existence and characteristics of H-bonds (including C–H···O). Important insights
on intermolecular interactions in solution were provided by the discovery of the connection
between the C=O stretching vibrational bands and the creation of molecular clusters.
K e yw o r d s: Raman spectroscopy, hydrogen bonding, amyl acetate, chloroform, molecular
electrostatic potential (MEP) surface.

1. Introduction
Determining the internal mechanisms of chemical and
biological processes required for the emergence of life
requires a thorough examination of the nature of in-
teractions between atoms and molecules as well as
a thorough study of their scientific foundations. This
analysis forms the basis for the creation of new theo-
ries and useful methods [1–5]. The molecular dynam-
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ics and structure of pure and mixed liquids have re-
ceived considerable attention recently, and aspects re-
main the subject of ongoing debate [6].

The formation of noncovalent interactions, particu-
larly hydrogen (H) bonds, occurs on picosecond time-
scales and is crucial for both molecular structure and
energetic properties. H-bonding is frequently stud-
ied using Raman and infrared spectroscopy methods,
particularly when elucidating the micromolecular dy-
namics of chemical and biological systems [7–9].

Interactions between solvent and the solute mole-
cules have been widely studied in the field of chem-
ical physics, and it has been established that these
interactions play an important role in determining
the chemical and physical properties of the solu-
tion [10]. To understand the processes of the sol-
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vent–solute interactions at the molecular level, it is
necessary to have a detailed knowledge of the dy-
namic properties of the interaction processes. Such
insight enables a clearer understanding of the nature
of the interactions at the molecular level. As a re-
sult, knowledge about the relationship between the
solute and the solvent and their interaction will ex-
pand, which will serve as an important basis for mod-
eling and predicting various chemical and physical
processes [11].

Amyl acetate (AmAc) has been studied by many
scientists due to the presence of two electronegative
moieties: ether-oxygen and carbon-oxygen bonding
[12–14]. The C=O group is an ideal representative
for protein analysis, and the C=O stretching vibra-
tion frequency is typically observed near 1700 cm−1

[15]. The structure of the AmAc molecule is an es-
ter, which is formed by the bonding of an acetyl
group (CH3CO–) and an ethyl group (–(CH2)4CH3)
via an oxygen. Any information about the struc-
ture and bonding characteristics, electronic struc-
ture, and geometry of this AmAc molecule is of
great importance in the chemistry and physics of
liquids [13].

The aim of this work is to elucidate the geomet-
ric and physical structure of AmAc-chloroform so-
lutions. In this work, the intermolecular interactions
in the pure AmAc and its chloroform solutions are
investigated using Raman spectroscopy and quan-
tum chemical calculations, with particular emphasis
on the C=O spectral region. Also, DFT calculations
of the molecules, Mulliken atomic charge distribu-
tion, topological analyses (atoms in molecules (AIM)
analysis, reduced density gradient (RDG), nonco-
valent interaction (NCI), electron localization func-
tions (ELF) and localized orbital locator (LOL)) were
performed.

2. Experimental and Theoretical Methods

2.1. Experimental method

Raman spectra of neat AmAc and its chloroform solu-
tions of AmAc were recorded at room temperature on
a Renishaw Invia Raman spectrometer equipped with
a diffraction grating with a 1200 lines/mm diffrac-
tion grating. Excitation was provided by an argon
laser with a wavelength of 532 nm and a power of
50 mW. The scattered light was detected using a stan-
dard Renishaw CCD Camera detector.

2.2. Computational Method

All calculations were performed within the frame-
work of density functional theory (DFT) method in
Gaussian software package 09W [16]. The molecu-
lar structure of AmAc and chloroform was calcu-
lated using the DFT/6-311++G(d, p) method and
the B3LYP (Becke-3-Li-Yang-Parr) hybrid functional
[17–18]. The spectra were generated and visualized
using with Origin 8.5 [19]. The geometric structure of
the molecule was visualized using GaussView 6 [20]
and VMD [21]. The topological parameters of AIM,
NCI, RDG, ELF and LOL were calculated using Mul-
tiwfn 3.8 (64-bit) [22].

3. Results and Discussion
3.1. Raman spectra
of AmAc-chloroform solution

Figure 1 shows the Raman spectra in the region of
the C=O stretching vibrations bands involved in the
intermolecular interaction between AmAc and chlo-
roform in the solution. In the neat state, the maxi-
mum of the C=O vibration band corresponds to 𝜈 =
= 1741 cm−1. As the AmAc concentration decreases,
the maximum of the band shifts to a lower frequency.
When the AmAc concentration in the solution is 0.9
and 0.8 m.f. (mole fraction), the frequency of the
C=O stretching band corresponds to 𝜈 = 1740 cm−1

and 𝜈 = 1739 cm−1, which is shifted to a lower fre-

Fig. 1. Raman spectra in the region of C=O stretching vi-
bration bands in AmAc and its solution in chloroform (in mole
fraction (m.f.))
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Fig. 2. Optimal geometry of AmAc-chloroform complexes

quency respectively by 1 and 2 cm−1 compared to
the neat state. As the amount of AmAc in the solu-
tion decreases, the frequency of the C=O stretching
vibration band decreases. When the amount of AmAc
is at least 0.3 m.f., the band peak position shifts to
𝜈 = 1731 cm−1 i.e. by 10 cm−1 compared to the neat
state. One of the main reasons for the shift of the
band maximum is intermolecular hydrogen bonding
[23–24]. As the concentration increases, the band cor-
responding to the C=O stretching vibration shifts to
a lower frequency.

3.2. Geometry optimization
of AmAc-chloroform complexes

Calculations show that AmAc can exist in several
aggregated forms. Figure 2, a shows the calculated
geometry of AmAc monomer. Figure 2, 𝑐 shows the
monomer of AmAc. Figure 2, 𝑐 shows the dimer of
AmAc molecules, and during dimer formation, the O2

atom in the C=O group of the first molecule forms
a C–H ... O H-bond with a H ... O distance of 2.437 Å
with the H46 atom in the C–H group of the neighbor-

ing molecule, and the H23 atom in the C–H group of
the first molecule also forms a C–H ... O H-bond with
a H ... O distance of 2.437 Å with the O25 atom in the
C=O group of the neighboring molecule.

Figure 2, 𝑑 shows the AmAc–1chloroform com-
plex. In this complex, a cluster is formed due to
the H-bond (bond length 2.089 Å) between the O2

atom of AmAc and the H28 atom of the chloro-
form molecule. Figure 2, 𝑒 shows the complex of
AmAc with two chloroform molecules, where the
O2 atom of AmAc is bonded to hydrogen atoms
of both chloroforms, with a H-bond between the
H28 atoms of the first chloroform molecule with a
bond length of 2.211 Å and a H-bond with the H33

atom of the second chloroform molecule with a bond
length of 2.228 Å. In the complex of AmAc with
3 chloroform molecules (Fig. 2, 𝑓), the O2 oxygen
atom of the C=O group of AmAc participates in H-
bonding with two chloroform molecules (bond lengths
O2 ... H28 – 2.254 Å, O2 ... H38 – 2.235 Å). In this com-
plex, the hydrogen atoms of two chloroforms form a
hydrogen bond through the O2 atom in the C=O
group of AmAc, while the hydrogen atom of the
third chloroform forms a complex through the sec-
ond O1 atom in the C–O–C group of AmAc, with
a bond length of O1 ... H33 – 2.395 Å. From this, it
can be said that the AmAc molecule participates in
mainly weak intermolecular interactions with chloro-
form molecules.

3.3. Calculated of Raman spectra
for AmAc-chloroform complexes

Figure 3 shows the calculated Raman spectra in the
region of the C=O stretching vibration for the AmAc
monomer and its complex with chloroform. The max-
imum of the C=O stretching band for the AmAc
monomer is at 1790 cm−1 (Fig. 3, 𝑎). In Figure 3, 𝑏,
the maximum of this band for the AmAc-chloroform
dimer is at 1772 cm−1, shifted by 18 cm−1 towards
lower frequencies relative to the monomer. This shift
is due to the hydrogen atom of chloroform be-
ing bonded to the O2 atom in the C=O group
of AmAc. In the AmAc–chloroform complex, when
the number of chloroform molecules reaches two,
the C=O stretching band is at 1747 cm−1, which
is shifted to a lower frequency by 43 cm−1 com-
pared to the monomer. This is due to the hydro-
gen atoms of both chloroform molecules forming H-

30 ISSN 2071-0194. Ukr. J. Phys. 2026. Vol. 71, No. 1



Insights into Amyl Acetate–Chloroform Interactions

bond through the O2 atom in the C=O group of
AmAc (Fig. 3, 𝑐). When the number of chloroform
molecules reaches three, the C=O stretching band is
at 1755 cm−1, which is shifted to a lower frequency
by 35 cm−1 compared to the monomer. This is due
to the hydrogen atoms of two chloroforms forming
a hydrogen bond through the O2 atom in the C=O
group of AmAc, while the hydrogen atom of the third
chloroform is hydrogen bonded through the second
O1 atom in the C–O–C group of AmAc. Therefore,
as the number of chloroform molecules in the AmAc–
chloroform complex increases, the C=O vibration fre-
quency decreases. This is consistent with the shift of
the stretching vibration band to a lower frequency in
hydrogen-bonding theory [23].

3.4. Molecular electrostatic
potential (MEP)

Molecular electrostatic potential (MEP) or molecular
potential surface map is an important tool for visu-
alizing the charge distribution in AmAc–chloroform
complexes and for studying electrophilic, nucleophilic
reactions and bonding, which are charge-dependent
parameters [25]. Another purpose of finding the MEP
is to identify the reactive parts of the molecule. Fi-
gure 4 depicts the MEP using a color scale in which
the electrostatic potential generally increasing in
the following order: red, orange, yellow, green and
blue [26].

The MEP in the range of 𝑡(−5.202×10−2 ... 5.202×
× 10−2) eV shows that the oxygen atoms in the
C=O groups of AmAc monomer have a negative po-
tential. The red color reflects the electrophilic re-
gion that determines the largest negative charge
of the molecule. The blue color around CH3 repre-
sents the nucleophilic positive charge part, the yellow
color around the C–O–C group represents a slightly
electron-rich region, and the green color represents
zero potential (Fig. 4) [27]. When the MEP map in
the range of (−4.469 × 10−2 ... 4.469 × 10−2) eV is
viewed for the AmAc dimer complex, the red color
around the oxygen atom in the C=O group of AmAc
has changed to yellow, i.e. the potential of this re-
gion has decreased. The potential around the oxygen
in the O–C–O group of AmAc also shows a slightly
electron-rich region, which is yellow. The MEP map
for the AmAc–1 Chloroform complex was observed
in the range of (−2.481 × 10−2 ... 2.481 × 10−2) eV,

Fig. 3. Raman spectra in the region of the C=O stretching
vibration for AmAc–chloroform complexes

where the red color around the oxygen atom of the
C=O group of AmAc changed to yellow, indicat-
ing a decrease in the potential in this region. The
MEP calculated for AmAc–2 Chloroform and AmAc–
3 Chloroform were (−2.724×10−2 ... 2.224×10−2) eV
and (−3.319× 10−2 ... 3.319× 10−2) eV, respectively,
with the surrounding O atoms changing from red to
yellow as the amount of chloroform molecules in the
complex increased. Figure 3 shows the interaction of
AmAc with chloroform molecules through weak inter-
actions, which may explain the red shift of the bands
in the spectrum.

3.5. Frontier Molecular
Orbital (FMO) Analysis

The electronic properties and reactivity of molecules
can be rationalized by analyzing their frontier molec-
ular orbitals (FMO), i.e. the highest occupied molec-
ular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO). These orbitals play a cen-
tral role in various chemical processes, especially
those involving electron transfer. The HOMO is im-
portant for electron-donating or nucleophilic reac-
tions and can easily participate in oxidation or nucle-
ophilic reactions [28]. In contrast, the LUMO is the
next orbital that electrons can occupy, representing
an electron-occupied or empty molecular orbital. Mo-
lecules with low LUMO energies are generally good
electron acceptors and can participate in electrophilic
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Fig. 4. MEP diagrams for AmAc–Chlo-
roform complexes

Table 1. Thermodynamic and FMO related parameters of AmAc–Chloroform

Parameters AmAc
monomer

AmAc
dimer

AmAc–
1Chloroform

AmAc–
2Chloroform

AmAc–
3Chloroform

Dipole moment, 𝜇 (Debye) 2.251 0.327 4.44 4.891 3.238
Total energy (Thermal) (kcal/mol) 134.344 270.548 150.878 167.392 185.743
Zero-point vibrational energy (kcal/mol) 127.081 254.715 139.837 152.651 165.609
𝐸HOMO (kcal/mol) –176.686 –173.994 –187.397 –192.699 –197.067
𝐸LUMO (kcal/mol) –7.003 –6.193 –25.389 –37.048 –38.315
𝐸LUMO − 𝐸HOMO 169.683 167.801 162.009 155.652 158.752
Global hardness, 𝜂 = (𝐸LUMO − 𝐸HOMO) 84.842 83.901 81.004 77.826 79.376
Chemical potential, 𝜇 = (𝐸LUMO + 𝐸HOMO) –91.845 –90.094 –106.393 –114.874 –117.691
IP = −𝐸HOMO 176.686 173.994 187.397 192.699 197.067
EA = −𝐸LUMO 7.003 6.193 25.389 37.048 38.315
Electrophilicity index, 𝜔 = 𝜇2/2𝜂 49.713 48.372 69.869 84.779 87.251
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Fig. 5. Frontier molecular orbital diagram of AmAc–Chloform complexes

reactions [29]. Figure 5 presents the HOMO–LUMO
visualization. Table 1 lists the thermodynamic and
chemical parameters of AmAc-chloroform complexes
and the parameters determined by the HOMO and
LUMO energy difference. According to Table 1, the

dipole moment for the AmAc–1Chloroform complex
is larger than that of the monomer.

The vibrational energy and the HOMO–LUMO
energy difference are the largest for the AmAc–
1 Chloroform complexes (162.009 kcal/mol). For the
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Fig. 6. Mulliken charge distribution of AmAc–chloroform
complexes

other complexes the values are: 169.683 kcal/mol
(AmAc monomer), 167.801 kcal/mol (AmAc
dimer), 162.009 kcal/mol (AmAc–1 Chloro-
form), 155.652 kcal/mol (AmAc–2Chloroform),
158.752 kcal/mol (AmAc–3 Chloroform), and the
largest value for AmAc–1 Chloroform. The ion-
ization potential values are 176.686 kcal/mol
(AmAc monomer), 173.994 kcal/mol (AmAc
dimer), 187.397 kcal/mol (AmAc–1Chloroform),
192.699 kcal/mol (AmAc–2 Chloroform), and
197.067 kcal/mol (AmAc–3Chloroform). The elec-
trophilicity index of 87.251 kcal/mol is the largest
for the AmAc–3Chloroform complex.

3.6. Mulliken charge
of AmAc–Chloroform complexes

The analysis of the Mulliken atomic charge using
quantum chemical calculations plays an important
role in explaining the molecular behavior of com-
plexes, as atomic charges affect a number of molecular
properties, including electronic structure, reactivity,
dipole moment, polarization, and vibrational spec-
tra. Figure 6 shows a graphical representation of the
Mulliken charge distribution for the complexes. In the
AmAc and AmAc–1Chloroform complexes, all hy-
drogen atoms are positively charged, whereas oxygen
atoms are negatively charged.

During the formation of the complex, the electron
density at the carbon atom of the C=O group in-
creases sharply due to the charge exchange between

hydrogen and oxygen atoms. The charge of the car-
bon atom changes from 0.262𝑒 in the monomer to
0.225𝑒 (AmAc–1 Chloroform). Similarly, the charge
of the oxygen atom (O2) changes from −0.276𝑒
to −0.325𝑒 (AmAc–1 Chloroform). Such changes in
charge distribution lead to an increase in the bond
length of the carboxyl group, which leads to changes
in the frequencies at different solvent concentrations.

If we look at the charges of the atoms participat-
ing in the interaction between AmAc and chloroform,
the charge modulus of the C8 and H21 atoms has in-
creased. The charge modulus of the O3 and C7 atoms
has decreased. It can be seen from Figure 6 that
the charge distribution for the AmAc–2 Chloroform
and AmAc–3 Chloroform complexes has also partially
changed, and this change is significant for the atoms
participating in the interaction.

3.7. Atoms in molecules (AIM)
analysis for AmAc–Chloroform complexes

Atoms in molecules (AIM) analysis is widely used to
determine noncovalent interactions in molecular sys-
tems [30]. Owing to the electron density, a bond path
appears between two interacting atoms, which creates
critical points (CPs) in the electron density. At such
points, its electron density gradient disappears. The
presence of H-bonds or other interactions in molecu-
lar complexes is confirmed by topological analysis of
the electron density. Figure 7 shows the topological
parameters for the AmAc dimer, AmAc–1 Chloro-
form and AmAc–2Chloroform complexes: electron
density 𝜌(𝑟), electron density Laplacian ∇2𝜌(𝑟),
energy density 𝐻(𝑟), and the Lagrangian kinetic
energy density 𝐺(𝑟), and potential energy density
𝑉 (𝑟) in BCPs, which provide detailed information
about the nature of the interaction (Table 2). Ac-
cording to Table 2, the Laplacian of the electron
density (∇2𝜌(𝑟)) for the AmAc dimer, AmAc–
1 Chloroform, AmAc–2Chloroform, and AmAc–
3 Chloroform complexes takes positive values in the
range of 0.0295 a.u. and 0.0294 a.u. (AmAc dimer),
0.0689 a.u. (AmAc–1 Chloroform), 0.0483 a.u. and
0.0500 a.u. (AmAc–2 Chloroform), 0.0326 a.u.,
0.0448 a.u., and 0.0471 a.u. (AmAc–3 Chloroform),
respectively. Similarly, the energy density values
𝐻(𝑟) were found to be positive with the values
of 0.0010 a.u. and 0.0010 a.u. (AmAc dimer),
0.0031 a.u. (AmAc–1 Chloroform), 0.0016 a.u. and
0.0020 a.u. (AmAc–2 Chloroform), 0.0011 a.u.,
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Fig. 7. The molecular diagrams of title complexes

Table 2. Topological parameters of AmAc, AmAc-chloroform (Chl) complexes

Cluster X(H)-bonds
Bond
length
𝑟, Å

Density of
all electrons

𝜌(𝑟)

Lagrangian
kinetic

energy 𝐺(𝑟)

Potential
energy

density 𝑉 (𝑟)

Energy
density
𝐻(𝑟)

Laplacian
of electron

density ∇2𝜌(𝑟)

Bond energy
𝐸int ≈ −𝑉 (𝑟)/2,

kcal/mol

AmAc dimer 2(O)···46(H) 2.43684 0.0094 0.0063 –0.0053 0.0010 0.0295 1.66
23(H)···25(O) 2.43738 0.0094 0.0063 –0.0053 0.0010 0.0294 1.66

AmAc–1 Chl 2(O)···28(H) 2.08911 0.0165 0.0141 –0.0110 0.0031 0.0689 3.45

AmAc–2 Chl 2(O)···33(H) 2.22892 0.0146 0.0104 –0.0088 0.0016 0.0483 2.76
2(O)···28(H) 2.21128 0.0138 0.0105 –0.0085 0.0020 0.0500 2.67

AmAc–3 Chl 1(O)···33(H) 2.39546 0.0102 0.0070 –0.0059 0.0011 0.0326 1.85
2(O)···28(H) 2.25436 0.0136 0.0096 –0.0081 0.0015 0.0448 2.54
2(O)···38(H) 2.23572 0.0133 0.0099 –0.0081 0.0018 0.0471 2.54

0.0015 a.u. and 0.0018 a.u. (AmAc–3 Chloroform),
respectively. This supports the existence of weak
H-bonds between the complexes [31]. The formula
𝐸int = 𝑉 (𝑟)/2 was used to calculate the bind-
ing energy. Here, 𝑉 (𝑟) is the potential energy
density at the CPs of the bond. If the energy
density value at the CPs is negative (HBCPs < 0),
the bond is covalent, and if it is positive (HBCPs > 0),
the bond is electrostatic. According to Table 2, all
complexes are formed through weak H-bonding.

3.8. Noncovalent interaction (NCI)
and reduced density gradient (RDG)

The NCI index is used to characterize intermolecu-
lar interactions and assess the nature of weak inter-
actions. It is based on the reduced density gradient
(RDG) and provides additional information in study-
ing of noncovalent interactions. The reduced density
gradient (RDG) is a fundamental dimensionless quan-
tity consisting of the electron density and its first
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Fig. 8. NCI and RDG analyses for title complexes

derivative, and given by Eq. (1) [32]:

RDG(𝑟) =
1

2(3𝜋2)
1/3

|∇𝜌(𝑟)|
𝜌(𝑟)

4/3
. (1)

In molecular systems, blue represents attraction and
red represents repulsion. The parameter sign(𝜆2)𝜌 is
important in predicting the nature of the interaction:
for example, sign(𝜆2)𝜌 < 0 represents attraction be-
tween bonded atoms, while sign(𝜆2)𝜌 > 0 represents
repulsion between unbonded atoms.

The RDG scattering plots of the complexes are pre-
sented on the right side of Figure 8. According to
the results, in the AmAc dimer, AmAc–1 Chloroform,
AmAc–2 Chloroform and AmAc–3 Chloroform com-
plexes, the green circle atoms between AmAc and
chloroform atoms form a weak H-bond of the
C=O···H type, and this effect can be compared to the
nature of the van der Waals interaction. It can also

Fig. 9. ELF and LOL maps of title complexes

be seen from the RDG scatter plots on the right side
of Figure 8 that the scattering mainly occurs in the
range of sign(𝜆2)𝜌 values from –0.02 to 0.00, which
represents the van der Waals interaction (Figs 8, a–
c). In the AmAc–1 Chloroform complexes, the circle
between the oxygen atom of AmAc and the hydrogen
atoms of chloroform is partially colored blue, which is
considered to be the effect of weak H-bonding. This
is supported by the blue scattering (sign(𝜆2)𝜌 value
corresponding to –0.02) observed in the right part of
Fig. 8, b and in the RDG scatter plot. In general, the
formation of hydrogen bonds in the form of C=O···H
between AmAc and chloroform molecules is consis-
tent with the nature of the Van der Waals interac-
tion, and due to this effect, red shift in the C=O
vibrational band was observed.

3.9. ELF and LOL analyses

Electron localization function (ELF) and localized or-
bital locator (LOL) analyses are widely used to de-
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scribe chemical bonding in atomic and molecular sys-
tems and to identify regions where electrons are lo-
cated [32]. While ELF describes the pairwise electron
density, LOL describes the maximum localized or-
bitals that overlap each other due to the gradient of
orbitals. Figure 9 shows the ELF and LOL color maps
for the AmAc dimer (a), AmAc–1 Chloroform (b),
AmAc–2 Chloroform (c), and AmAc–3Chloroform
(d) complexes. The color values on the y-axis range
from blue to red, with ELF values ranging rang-
ing from 0 to 1.0 and LOL numbers from 0 to
0.8. Both ELF and LOL have interval scales, rep-
resenting bonded and unbonded local electron zones
ranging from 0.5 to 1.0.

Delocalized electrons are indicated by the region
with a value below 0.5. Red and orange colors indi-
cate high electron localization. The region between
the inner and valence shells is indicated by the blue
circle. Color shades of the ELF and LOL maps: red
has the highest value around hydrogen atoms, indi-
cating the presence of both bonded and unbonded
electrons. The red color area with high ELF or LOL
values shown around hydrogen atoms indicates a lone
pair of electrons due to covalent bonding or a high lo-
calization of electrons due to the presence of a nuclear
shell in this area.

4. Conclusion
Spectroscopic and quantum chemical studies of amyl
acetate (AmAc) and its solutions in chloroform have
shown that a decrease in the frequency of the C=O
stretching vibration band in solution is due to the
formation of intermolecular H-bonds. Calculations re-
vealed the presence of C–H···O H-bonds between
AmAc and chloroform molecules. The geometry and
energy of the resulting complexes were studied us-
ing DFT calculations performed at the B3LYP/6-
311++G(d,p) level. AIM, RDG, NCI, ELF, and LOL
analyses were used to determine the nature of these
interactions. The results obtained provide an impor-
tant theoretical basis for understanding the spectro-
scopic behavior of AmAc in solution, cluster for-
mation, and solution structure. This can be used in
the future to model the interactions of other organic
solvents.
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АНАЛIЗ ВЗАЄМОДIЙ АМIЛАЦЕТАТУ
ТА ХЛОРОФОРМУ: КОЛИВАЛЬНА СПЕКТРОСКОПIЯ
ТА ДОСЛIДЖЕННЯ КВАНТОВОЇ ТОПОЛОГIЇ

У цьому дослiдженнi для вивчення спектрального проя-
ву взаємодiї мiж амiлацетатом (AmAc) та хлороформом
було використано теорiю функцiонала густини (DFT) та
раманiвську спектроскопiю. Червоний зсув у смузi вален-
тних коливань C=O спостерiгався при зменшеннi концен-
трацiї AmAc у розчинi, що свiдчить про утворення мiж-
молекулярних водневих зв’язкiв у цьому розчинi. На рiв-
нi DFT/B3LYP/6-311++G(d,p) було визначено оптимальну
геометрiю комплексiв, що складаються з мономера AmAc,
димера AmAc та хлороформа. Для збору iнформацiї щодо
iснування та характеристик водневих зв’язкiв (таких як C–
H···O) було використано методи топологiчного аналiзу AIM,
RDG, NCI, ELF та LOL. Важлива iнформацiя про мiжмоле-
кулярнi взаємодiї в розчинi була отримана завдяки вiдкри-
ттю зв’язку мiж валентними коливальними смугами C=O
та утворенням молекулярних кластерiв.

Ключ о в i с л о в а: раманiвська спектроскопiя, водневi
зв’язки, амiлацетат, хлороформ, поверхня молекулярного
електростатичного потенцiалу.
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