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VIBRATIONAL SPECTRA AND COMPUTATIONAL
STUDY OF AMYL ACETATE: MEP, AIM,
RDG, NCI, ELF AND LOL ANALYSIS

This work is focused on biologically active neat amyl acetate and its solutions in ethanol/hep-
tane. According to the experimental results, when the concentration of amyl acetate in the amyl
acetate-ethanol solution decreases, the additional band appears on the low-frequency side. The
primary reason for the formation of such additional band is the intermolecular hydrogen bond-
ing between amyl acetate and ethanol. In the amyl acetate-heptane solution, as the concentra-
tion of amyl acetate in the solution decreases, the band corresponding to the C=O stretching
vibrations shifted to a higher frequency. This is explained by the fact that heptane breaks in-
termolecular interactions in solution, resulting in a simpler spectral band corresponding to the
C=O stretching vibrations. Calculations are also used to study interactions in amyl acetate-
ethanol complexes and their spectral manifestations. When the complex formation energies are
calculated, this energy increases with the number of molecules, but the average hydrogen bond
energy per one bond remains unchanged. The density functional theory (DFT) method is used
to analyze molecular structural parameters: Mulliken atomic charge distribution; thermody-
namic parameters; molecular electrostatic potential (MEP) surface; atoms in molecules (AIM)
analysis; quantum chemical parameters such as reduced density gradient (RDG) and noncova-
lent interaction (NCI) analysis; electron localization functions (ELF) analysis; and localized
orbital locator (LOL) analysis.

K e yw o r d s: Raman spectroscopy, quantum chemical calculations, DFT, hydrogen bonding,
molecular electrostatic potential, electron localization function, localized orbital locator, RDG
diagram, Mulliken charge distribution, amyl acetate, ethanol, heptane.

1. Introduction
Studying the nature and dynamics of intermolecu-
lar interactions is important in chemistry, biology
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and materials science [1–7]. Understanding the liq-
uid structure and intermolecular interactions in the
liquid phase is essential for the microscopic investiga-
tion of the solution formation [8]. A hydrogen bond,
represented as X–H...Y [9, 10], exists between a pro-
ton donor (Y) and a proton acceptor. According to
Pauling’s definition, both X and Y are electronegative
atoms (for example, O and N) [11]. After the forma-
tion of a complex through H-bonding, the X-H bond
length changes due to the electron transfer to X–H
[12, 13]. Such an electronic transition increases the
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length of the X-H bond, while shifting its vibrational
frequency to lower frequencies [14, 15]. Non-classical
hydrogen bonds are formed via aliphatic ethers with
hydrogen (H)-bond donors (C–H) and acceptors (car-
bonyl and ester oxygen) [9]. One of these esters is
amyl acetate, which is biologically active. The sub-
stance has widespread application in the pharmaceu-
tical, chemical, and biological industries [16]. It also
plays a role in the extraction of vegetable oil [16–18],
paints, adhesives, plastics, the petrochemical sector,
polymers, and the manufacture of circuits for elec-
tronics [19, 20].

Mahendraprabu et al. analyzed the hydrogen
bonds between ethyl acetate and methylcellulose, one
of the aliphatic ethers, by FTIR and dielectric meth-
ods [21]. C–H...O and O–H...O bonds were identi-
fied. Double frequency of hydrogen bond (C=O) was
observed in methylcellulose. In that work, CH3 sym-
metric and asymmetric, C=O, C–C–O and O–CH2–
C streetching vibration frequencies were analyzed
[21]. The C=O group is an ideal representative in the
investigation of proteins, and the C=O streetching
vibrational frequency is observed around 1700 cm−1

[22, 23]. In aliphatic ethers, it was noticed that
the C=O streetching vibration band corresponds to
the interval 1735–1750 cm−1 [24]. In addition, when
aliphatic ethers are dissolved in polar and non-polar
solvents, this band shifts down [25]. Moreover, a new
band can be formed on the low-frequency side. In this
case, when dissolved in a solvent, the complex has an
open-type geometry, and two C=O vibration bands
appear. One of them is caused by the streetching vi-
brations of the hydrogen-bonded carbonyl group, and
the other one is caused by the breaking of the H-bond.
Thus, the presence of an open dimer along with a
monomer in aliphatic ethers leads to the formation
of three carbonyl streetching bands. Therefore, it can
be seen that the C=O vibrational frequency splits
into two ones. One of them is related to symmetri-
cal monomers, and the other one is related to closed
dimers formed by the solution [26].

According to the above literature review, a change
in the spectral band shape of amyl acetate in vari-
ous solutions has not been completed as of this point,
and requiring scientific investigation in this area. The
main goal of this work is to investigate the solutions of
amyl acetate with ethanol and heptane using exper-
imental and quantum-chemical calculations. In addi-
tion, various topological: structural parameters of

molecules; Mulliken atomic charge distribution; ther-
modynamic parameters; MEP surface; AIM; RDG;
such as NCI; ELF; and LOL analyses were performed
using the DFT method.

2. Experimental Method

The Raman spectrum of neat and ethanol/heptane
solutions of amyl acetate was recorded at room
temperature by a Renishaw Raman spectrometer
equipped with a diffraction grating with a constant
of 1200 lines/mm. An argon laser with a wavelength
of 532 nm and a power of 50 mW was used to generate
excitation light. The scattered light was recorded us-
ing a typical Renishaw CCD camera detector. FTIR
spectra were obtained using an IRAffinity-1S Fourier
spectrometer and managed with LabSolutions IR
software.

3. Computational Method

All calculations are carried out in the Gaussian 09W
program [27] using the DFT approach. The molecu-
lar structures of amyl acetate and ethanol are theo-
retically studied using the DFT/6-311++G(d, p) ap-
proach and the hybrid functional (Becke-3-Li-Yang-
Parr) B3LYP [28, 29]. Spectra are drew using the
Origin 8.5 software [30]. The geometric structure of
the molecule is characterized using MEP methods
[31]. The different analyses (AIM, RDG, ELF, and
LOL) caried out using the MULTIWFN 3.8 bin
(Win 64) and VMD program [32]. The hydrogen bond
energy is calculated with the following formula:

𝐸int = 𝐸complex −
𝑛∑︁

𝑖=1

𝐸𝑖, (1)

where 𝐸complex is the energy of complex formation,∑︀𝑛
𝑖=1 𝐸𝑖 is the sum of energies of molecules partici-

pating in the complex formation.

4. Results and Discussion

4.1. Vibrational spectra of pure amyl acetate

Figure 1 shows the Raman and infrared spectra of
amyl acetate. The figure indicates that the Raman
spectra of pure amyl acetate are complicated, with
many vibrational peaks. For example, the Raman
spectrum of pure amyl acetate showed a frequency
of 636 cm−1, which was also seen at 634 cm−1 in the
infrared absorption spectrum (FTIR) and 644 cm−1
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Fig. 1. Raman and FTIR spectra of amyl acetate

Fig. 2. Raman spectra of C=O stretching vibrational bands
of amyl acetate-ethanol solution (in m.f. of amyl acetate)

at theoretically. In addition, the Raman spectrum re-
vealed a spectral band corresponding to the C=O vi-
bration at 1741 cm−1, whereas the FTIR revealed the
same band at 1740 cm−1. In calculations, this band
is equal to 1790 cm−1. The experiments differed from
the calculations because calculations, were performed
for a single isolated gas molecule. In contrast, the ex-
periments were performed on liquids, but the general
pattern was maintained.

4.2. C=O vibrational bands
of amyl acetate-ethanol solutions

Figure 2 illustrates the Raman spectra of amyl ace-
tate-ethanol solution at various concentrations (0.9–

0.2 mol fraction (m.f.)). The experimental results
demonstrate that the C=O stretching vibration band
of pure amyl acetate was detected at 1741 cm−1. As
the concentration of amyl acetate in the solution de-
creases, a new band at 1724 cm−1 emerges, as dis-
cussed below. The theory of resonance effect is of-
ten applied to explain the deformation of scattering
spectra as concentrations increase in solutions. Accor-
ding to this theory, changes in Raman spectra during
monomer association are induced by the splitting of
their electronic energy states as a result of resonant
interactions between the coupled molecules. Spectral
changes of this sort can be observed, for example, dur-
ing the combination of amyl acetate molecules with
ethanolic solutions, as well as in combinations of po-
lar solvents, such as alcohols, with a small ratio of the
polar component of the substances. The deformation
of the Raman spectra of amyl acetate in amyl acetate-
ethanol mixture is shown as a function of the solution
concentration (Fig. 2).

The scattering spectra are largely unchanged in the
low concentration region (up to 0.8 m.f.) as bound
molecules begin to form. As the concentration in-
creases, the long-wave maxima of monomers decrease,
while a new maximum develops and increases in the
low-frequency part. This confirms the formation of
associations. In this case, the spectral band of amyl
acetate, or its monomers, appears at 1741 cm−1. Due
to hydrogen bonding, the spectral band correspond-
ing to the C=O stretching vibration creates an ad-
ditional band at 1724 cm−1 in amyl acetate-ethanol
solution.

4.3. C=O vibrational bands
of amyl acetate-heptane solutions

Because it is interesting to observe the C=O stretch-
ing vibration bands of Raman spectra involved in
the intermolecular interaction of amyl acetate these
bands were investigated. Figure 3 shows the C=O
stretching vibrational bands of neat amyl acetate and
its inert solution of heptane. The C=O vibrational
band maximum in the neat state is 1741 cm−1. As
the concentration of amyl acetate decreases, the peak
of the band shifts to higher frequencies. When con-
centration is 0.9 m.f. and 0.8 m.f., the peak of the
C=O stretching vibration band is 1742 cm−1 and
1742 cm−1 respectively and these peaks are shifted
to higher frequencies (1 and 2 cm−1) compared to
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the neat state. As the concentration of amyl acetate
in the solution decreases, the frequency of the C=O
stretching vibration band increases monotonically.

When the concentration of amyl acetate is 0.1 m.f,
the band peak increases to 1750 cm−1 and shifts
to a higher frequencies by 9 cm−1 compared to the
neat state. One of the main reasons for the shift of
the band maximum is intermolecular hydrogen H-
bonding. That is, molecules of liquid amyl acetate
bond to one another, and molecules of an inert solvent
heptane begin to break these bonds. As the concen-
tration of amyl acetate in the solution decreases, or as
the concentration of heptane increases, the frequency
of the C=O stretching vibration band shifts to higher
frequencies, making the band simpler.

5. Molecular Electrostatic
Potential (MEP) Surface

Amyl acetate has electrophilic points around the oxy-
gen atom and nucleophilic points around the hydro-
gen atoms of the methyl and C–H groups. A neutral
electrostatic potential exists between the hydrogen
and carbon atoms of the CH2 group of amyl acetate.
The oxygen atom of the hydroxyl group in ethanol
has a negative potential (red), while the hydrogen
atom has a positive potential (blue). The electrostatic
potential surfaces of amyl acetate-ethanol complexes
change as molecules exchange charges. This confirms
the existence of interactions between molecules.

Figure 4 shows the MEP surface for amyl ace-
tate, ethanol, and amyl acetate-ethanol. According to
studies, strong positive potentials surround the hyd-
rogen atom in the C–H group, while strong negative
potentials surround the oxygen atom in the ether car-
bonyl group. In addition, the other oxygen atom and
the ether group have weak negative potentials. These
results demonstrate that the hydrogen atom of the
C–H group of amyl acetate and the hydrogen atom
of the O–H group of ethanol can serve as electron ac-
ceptors, whereas the oxygen atoms in the ether group
can act as electron donors. The oxygen atom of the
C=O group donates more electrons than the oxygen
atom of C–O. Amyl acetate is more likely to form a
long chain through hydrogen bonding. When hydro-
gen bonds build between amyl acetate molecule clus-
ters, molecules gain energy. Thus, in this work, the
interaction of hydrogen bonds between amyl acetate-
ethanol complexes was investigated.

5.1. Mulliken charge analysis

Mulliken atomic charge analysis is beneficial in ex-
plaining molecular behavior in complex systems. Be-
cause atomic charges control a variety of molecule
characteristics such as electronic structure, reactivity,
dipole moment, polarization, and vibrational spec-
trum [33]. Table 1 shows the Mulliken charge distri-
bution of amyl acetate and its ethanolic complexes.
Figure 5 shows the Mulliken charge distribution for
these compounds. This distribution is essential for
charge exchange between interacting molecules. All
hydrogen atoms in amyl acetate and amyl acetate-
1 ethanol complexes are positively charged, whereas
oxygen atoms are negatively charged.

Due to the charge exchange between hydrogen and
oxygen during the complex formation, the electron
density on the carbon atom of C=O group increases
notably. The atom of carbon charge changed from
0.262e to 0.266e (amyl acetate-1 ethanol) in the mo-
nomer. The electron density on the carbon atom of
the C=O group increases significantly as a result of
the charge exchange between hydrogen and oxygen
during the complex formation. The charge of the car-
bon atom of the monomer changed from 0.262e to
0.266e (amyl acetate-1 ethanol). Similarly, the charge
of the oxygen atom (O2) changed from –0.276e
to –0.291e of amyl acetate-1 ethanol (Table 1). The
charge of the hydrogen (H32) atom of ethanol in-
creased from 0.296e to (amyl acetate-1 ethanol).

Fig. 3. Raman spectra of C=O stretching vibration bands of
amyl acetate-heptane solution (in m.f. of amyl acetate)
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a b
Fig. 4. MEP surface of amyl acetate (a) and ethanol (b)

Fig. 5. Mulliken charge distribution of amyl acetate (AmAc)-
ethanol complexes

These changes of charge distribution cause an in-
crease of the bond length of the carboxyl group, lead-
ing to a change of frequencies at different solvent
concentrations. When we look at the charge of the
atoms participating in the amyl acetate-1 ethanol in-
teraction, we can see that the charge modulus of C8

and H21 has increased while C3 and C9 atomic charge
modulus decreased. Figure 5 shows that the charge
distribution for the amyl acetate-2 ethanol complex
has also changed slightly, which is important for the
atoms involved in the interaction.

5.2. Atoms in molecules (AIM) analysis

The AIM analysis was used to identify and estimate
the energy of critical bond locations within amyl

Mulliken charge distribution
in amyl acetate (AmAc) molecule

Atomic
number

Mulliken charge distribution (in electronic units)

Monomer AmAc-1 AmAc-2 AmAc-3
ethanol ethanol ethanol

O1 –0.038932 –0.008138 0.021296 –0.034710
O2 –0.276401 –0.291422 –0.356474 –0.317529
C3 –0.081432 –0.142028 –0.043990 –0.382039
C4 –0.241971 –0.193266 –0.326431 –0.097270
C5 –0.173080 –0.183496 –0.221292 –0.091539
C6 –0.388542 –0.360629 –0.366746 -0.279931
C7 –0.615446 –0.622304 –0.628925 -0.658512
C8 0.262111 0.266064 0.293694 0.260813
C9 –0.559034 –0.613742 –0.610652 -0.676842
H10 0.110021 0.111376 0.120723 0.129869
H11 0.110020 0.110521 0.107241 0.134358
H12 0.149210 0.151523 0.163426 0.169365
H13 0.149254 0.151360 0.151258 0.071388
H14 0.127635 0.128927 0.127749 0.128847
H15 0.127634 0.128510 0.128301 0.128578
H16 0.204186 0.209551 0.213842 0.269345
H17 0.204179 0.210237 0.269032 0.209082
H18 0.136291 0.136470 0.136295 0.139575
H19 0.136290 0.136753 0.138806 0.136480
H20 0.140851 0.142497 0.141577 0.144942
H21 0.170430 0.175790 0.186396 0.198207
H22 0.170485 0.169827 0.164636 0.195998
H23 0.176243 0.205800 0.203148 0.187755

acetate-ethanol molecules. The Laplacian of electron
density ∇2𝜌(𝑟𝑐)) and electron density 𝜌(𝑟𝑐) are the
most commonly used approach for detecting inter-
actions such as hydrogen bonds and identifying sig-
nificant locations of their bindings [34, 35]. The bond
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lengths and bond energies of the hydrogen bonds were
calculated for the investigated molecules. To find the
probable intermolecular interactions between amyl
acetate and ethanol were calculated with 1–3 com-
plexes of ethanol and 1 amyl acetate. Amyl acetate
and ethanol complexes may produce hydrogen bonds
with the formula O–H...O=C.

Figure 6 shows the optimal geometry of amyl ace-
tate-ethanol complexes. The amyl acetate and etha-
nol form closed-type hydrodimer complexes (Fig. 6, a).
The dipole moment increased to 3.24D compared
to the amyl acetate monomer. This is because amyl
acetate and ethanol molecules are not symmetri-
cal. The complex formation energy is 5.732 kcal/mol,
and it is bonded by the two hydrogen bonds. The
first is O–H...C=O between O2 and H32 atoms
(bond length 1.935 Å), second one is a weak bond
(C–O...H(CH3)) between O24 atom of ethanol and
H23 atoms of amyl acetate (bond length 2.580 Å).

It was calculated by doubling the number of etha-
nol. In Figure 6, b, the H32 and H41 atoms of ethanol
form a hydrogen bond with the O2 atom of C=O
group amyl acetate. The bond lengths are 1.969 Å
and 2.009 Å, respectively, with a bond energy of
10.348 kcal/mol. The oxygen atoms in ethanol form a
cyclic complex with CH3 and C–H groups of amyl ac-
etate through weak (bond length 2.562 and 2.447 Å)
hydrogen bonds. In this way, calculations were car-
ried out with the ethanol number increased by three
(Fig. 6, c). The figure illustrates that the amyl ac-
etate molecule creates strong hydrogen bonds with
ethanol molecules through its two oxygens, whereas
it forms weak hydrogen bonds through the carbon
atoms of the methyl group. As the number of ethanol
increases, the bond energies also increase.

5.3. Noncovalent interaction (NCI)
and reduced density gradient (RDG)
analysis of amyl acetate-ethanol complexes

The NCI index is used to describe intermolecular in-
teractions and determine the nature of weak inter-
actions. The NCI index is based on the RDG and
gives additional information about noncovalent inter-
actions [36–43]. NCI compares stabilizing and repul-
sive interactions at a certain point in space to de-
termine the proportion of C=O...H hydrogen bonds
[44, 45]. This analysis focused on the RDG, s func-
tion sign(𝜆2)𝜌, the multiple of electron density 𝜌, and Fig. 6. Optimal geometry of amyl acetate-ethanol complexes
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Fig. 7. NCI and RDG analysis for amyl acetate-ethanol complexes

the second eigenvalue of the electron density Hessian
sign (𝜆2)

𝑆 =
1

2(3𝜋)
1/3

|∇𝜌|
𝜌4/3

. (2)

Positive values of sign(𝜆2)𝜌 indicate attraction, while
negative values indicate stabilizing factors involving
hydrogen bonding. Negative sign (𝜆2)𝜌 values show a
strong bond. RDG analysis is used for comprehend-
ing the molecular structure of noncovalent interac-

tions demonstrating strong attraction, strong repul-
sive, and neutral interactions with a reduced den-
sity gradient [46]. Image visualization based on elec-
tron density in the RDG parameter gives information
about the nature of strong and weak interactions. In
the RDG map, sign(𝜆2)𝜌 indicates the difference be-
tween attraction and repulsion, whereas 𝜌(𝜌) repre-
sents the graph electron density [47]. When the sign
(𝜆2)𝜌 is greater than 0, the RDG graph displays a
red color range, indicating a strong steric effect. If
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Fig. 8. ELF analysis for amyl acetate-ethanol complexes

sign(𝜆2)𝜌 is less than 0, it indicates a strong attrac-
tion to dark green and blue colors. A value sign(𝜆2)𝜌
near to 0 indicates the green color and Van der Waals
interaction [48]. Figure 7 displays a 2D scatter plot
and an RDG isograph. The red positively charged
(0.02–0.05) sector on the RDG map represents a high
repulsion and corresponds to the oxygen and methyl
groups of amyl acetate (Fig. 4, a). The green color
indicates that the negatively charged area (–0.01–
0.01) has a weak interaction between the carbon of
the methyl group of amyl acetate and the oxygen of
the O–H group of ethanol, referred to as the Van der
Waals interaction. The dark blue negatively charged
sector (–0.02; –0.05) represents a strong H-bond in
the form of O–H...O between the hydrogen of the
O-H group of ethanol and the oxygen atom of the

carbon group of amyl acetate. For the same reason,
when the calculations are continued to include amyl
acetate and three ethanol molecules, weak interac-
tions between these molecules, referred to as van der
Waals interactions, play an important role.

5.4. Electron localization function (ELF)
and localized orbital locator (LOL) analysis
for amyl acetate-ethanol complexes

The ELF and the LOL approaches can also be com-
bined to investigate covalent bonding and electron
density values [49]. These are the regions of the
molecular area where each pair of electrons is most
likely to be found [50]. Figures 8 and 9 show the color
file projection map and contour map of ELF created
by Multiwfn 3.8 program for amyl acetate-ethanol
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Fig. 9. LOL analysis for amyl acetate-ethanol complexes

molecules, respectively [51]. In general, ELF repre-
sents the electron pair density and scheme configura-
tion on a scale of 0 to 1.0, including both bonded and
nonbonded local electron pairs. A value less than 0.2
indicates that the electron field in the given molecule
is delocalized. Similarly, LOL describes most of the
localized orbital coverage, and the map surface oc-
curs in the range from 0 to 1. In this situation, elec-
tron localization takes place at a specific location
determined by electron density. Covalent bonds and
lone electron pairs around hydrogen atoms have been
identified to have the largest localization of bonded
and non-bonded electron pairs for ELF and LOL. Be-
cause of their smaller values, the delocalization of
ELE and LOL electron pairs was investigated in the

structure of amyl acetate surrounding carbon atoms
C7, C5, C3, C4, C6, C8, and C9. In comparison, ELF
provides more detailed and accurate information than
LOL for the amyl acetate-ethanol complex.

5.5. Calculated C=O stretching vibrational
bands of amyl acetate and ethanol complexes

Figure 10 illustrates the Raman spectrum of the C=O
stretching vibration band of amyl acetate monomer
and its complex with ethanol. The C=O stretching vi-
bration peak for amyl acetate monomer is 1790 cm−1

(Fig. 10, a). In Fig. 10, b, the amyl acetate-1 ethanol
dimer has a vibrational peak of 1759 cm−1, which is
31 cm−1 lower than the frequency of monomer. Fi-
gure 10, c illustrates the C=O stretching vibration
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Fig. 10. Raman spectra of C=O stretching vibration band of
amyl acetate (AmAc)-ethanol complexes

band (1726 cm−1) of amyl acetate-2 ethanol complex,
which, shifted to a lower frequency by 64 cm−1 as
compared to the monomer. The low frequency shift
is caused by the hydrogen atoms of both ethanols be-
ing bonded to the O2 atom of C=O group of amyl
acetate. When the ethanol number reaches three in
the amyl acetate-ethanol complex, the peak of the
C=O stretching vibration band equals 1738 cm−1 and
shifts to a lower frequency of 52 cm−1 compared to
the monomer. This is because the hydrogen atoms of
two ethanols create a hydrogen bond through the O2

atom of C=O group of amyl acetate, while the hydro-
gen atom of the third ethanol forms a hydrogen bond
through the second O1 atom of C–O–C group amyl
acetate. So, as the number of ethanol molecules in
the amyl acetate-ethanol complex increases, peak of
the C=O vibration frequency decreases and shifts to
a lower frequency. This corresponds to the hydrogen
bond theory which stretching band shifting to a lower
frequency [52].

6. Conclusion

The Raman and FTIR spectra of pure amyl acetate
are complex due to the existence of complexes that
have various depolarization coefficients in the liquid,
and they are found to correlate to spectra obtained
by quantum chemical calculations. The frequency of
the C=O stretching vibration band of the amyl ac-
etate molecule, which is involved in the hydrogen

bonding, is determined experimentally to shift the vi-
bration band at differed solvent concentrations. The
C=O stretching vibration bands in the amyl acetate
solution with an inert solvent heptane, are shown to
shift to a higher frequencies. The experimental ap-
proach is used to investigate the solution of amyl ac-
etate in ethanol at different concentrations (ranging
from 0.9 to 0.2 m.f.). As the concentration of amyl
acetate in the solution decreases, the long-wave peak
(1741 cm−1) of amyl acetate related to monomers de-
crease. However, a new peak appears and increases
in its low-wavenumber part (1724 cm−1), indicating
that the O atom of the C=O group of the amyl ac-
etate molecule forms a hydrogen bond as a form of
C=O...H through the H atom of ethanol.

The mechanisms of molecular cluster formation of
amyl acetate and its solution in ethanol are investi-
gated using DFT and the B3LYP 6-311++G (d, p)
bases set functions. When the number of ethanol
molecules reaches three, the C=O vibrational band
shifted to a lower frequency of 52 cm−1 than the mo-
nomer. This is due to the C=O...H hydrogen bond
formed between amyl acetate and ethanol. For the
same reason, the calculations showed that, among
amyl acetate-ethanol molecules, weak interactions,
i.e., van der Waals interactions, are dominant. Ana-
lysis of the Mulliken charge distribution of amyl ace-
tate-ethanol, as well as different analyses (AIM, NCI,
RDG, ELF, and LOL), provide information about the
formation of hydrogen bonds between the molecules.

This work was financed by the Ministry of Higher
Education, Science and Innovation of the Repub-
lic of Uzbekistan Foundation under project No. FZ-
20200929385.
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А.Жумабаєв, Х.Хушвактов, А.Абсанов,
Б.Худайкулов, З. Ерназаров, Л.Булавiн

КОЛИВАЛЬНI СПЕКТРИ ТА КОМП’ЮТЕРНЕ
МОДЕЛЮВАННЯ АМIЛАЦЕТАТУ: MEP, AIM, RDG,
NCI, ELF ТА LOL МЕТОДИ АНАЛIЗУ

Робота присвячена дослiдженню бiологiчно активного чи-
стого амiлацетату та його розчинiв в етанолi та гептанi.
Згiдно з результатами експерименту, при зниженнi концен-
трацiї амiлацетату в спектрi розчину амiлацетату в етанолi
з’являється додаткова смуга з боку низьких частот. Основ-
ною причиною утворення такої додаткової смуги є мiж-
молекулярний водневий зв’язок мiж амiлацетатом i етано-
лом. У розчинi амiлацетату в гептанi спектральна смуга,
що вiдповiдає валентним C=O коливанням, змiщується в
бiк вищих частот iз зменшенням концентрацiї амiлацетату
в розчинi. Це пояснюється тим, що гептан порушує мiж-
молекулярнi взаємодiї в розчинi, що приводить до бiльш
простої спектральної смуги, яка вiдповiдає валентному ко-
ливанню C=O. Розрахунками також дослiджено взаємодiї
в комплексах амiлацетат-етанолу та їх спектральнi проя-
ви. Виявилося, що енергiя утворення комплексу зростає зi
збiльшенням числа молекул, але середня енергiя водневого
зв’язку, яка припадає на один зв’язок, залишається незмiн-
ною. Метод теорiї функцiонала густини (density functional
theory, DFT) був використаний для аналiзу низки стру-
ктурних параметрiв: розподiлу зарядiв атомiв за Маллi-
кеном, термодинамiчних параметрiв, поверхнi молекуляр-
ного електростатичного потенцiалу (molecular electrostatic
potential, MEP) та розподiлу атомiв у молекулах (atoms
in molecules, AIM). Було також проведено аналiз деяких
квантово-хiмiчних параметрiв, як-от: аналiз редукованого
градiєнта густини (reduced density gradient, RDG) i неко-
валентної взаємодiї (noncovalent interaction, NCI), аналiз
функцiй локалiзацiї електронiв (electron localization functi-
ons, ELF) та аналiз локалiзованого орбiтального локатора
(localized orbital locator, LOL).

Ключ о в i с л о в а: раманiвська спектроскопiя, квантово-
хiмiчнi розрахунки, теорiя функцiонала густини, водневий
зв’язок, молекулярний електростатичний потенцiал, фун-
кцiя локалiзацiї електронiв, локалiзований орбiтальний ло-
катор, RDG дiаграма, розподiл заряду за Маллiкеном, амi-
лацетат, етанол, гептан.
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