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Abstract—This study explores the solvent effects on the structural, electronic, and vibrational properties of
Triallyl Isocyanurate (TAIC) using a combined experimental and theoretical approach. Density Functional
Theory (DFT) calculations at the B3LYP/6-311++G(d,p) level and experimental Fourier Transform Infra-
red (FT-IR) spectroscopy were employed to analyze the influence of different solvents (water, Tetrahydrofu-
ran (THF), Dimethyl sulfoxide (DMSO), and acetonitrile (ACN)) on TAIC. The electronic properties of
TAIC were examined through molecular electrostatic potential (MEP) and frontier molecular orbital (FMO)
analyses, revealing an energy gap ranging from 4.8229 eV (THF) to 4.8366 eV (water). Ultraviolet-visible
(UV-Vis) spectroscopy demonstrated that solvent interactions primarily affect absorption intensity rather
than peak positions. To further investigate noncovalent interactions and electron density distribution, topo-
logical analyses, including Atoms in Molecules (AIM), Non-Covalent Interaction Reduced Density Gradi-
ent (NCI-RDG), and Electron Localization Function (ELF)-Localized Orbital Locator (LOL) analyses,
were performed. AIM analysis confirmed the presence of hydrogen bonding in TAIC-solvent systems, with
electron density and its Laplacian values at bond critical points (BCPs) ranging from 0.0085–0.0233 au
(water), 0.0067–0.0106 au (THF), 0.0081–0.0104 au (DMSO), and 0.0043–0.0097 au (ACN). The hydro-
gen bond energies varied from –0.97 to –5.62 kcal/mol.

Keywords: triallyl isocyanurate, DFT, AIM, RDG, ELF-LOL
DOI: 10.1134/S1990793125701520

INTRODUCTION

Isocyanurate derivatives are actively used in mate-
rials science to obtain polymer composite materials
with unique heat-resistant properties [1]. Isocyanu-
rate polymer is known [2] to have a relatively strong

molecular structure due to a combination of strong
chemical bonds, ring structure, and high cross-link
density, all of which contribute to greater rigidity than
comparable polyurethanes.

Triallyl isocyanurate is an isocyanurate derivative.
It is used as a cross linker for polyolefins, chlorinated
150



SOLVENT EFFECTS ON THE STRUCTURAL AND ELECTRONIC PROPERTIES 151

Fig. 1. The optimized Triallyl isocyanurate molecule.
polyethylene, polyvinyl chloride, polymethyl methac-
rylate, peroxide crosslinking of ethylene propylene
diene monomer rubber, nitrile butadiene rubbers, f lu-
orinated elastomers and as an intramolecular plasti-
cizer for styrene polymers. In the rubber industry it is
used as an effective vulcanizer for rubbers and caou-
tchoucs. Improves physical and mechanical proper-
ties, elasticity, thermal stability and chemical stability.
Scope of application: rubber goods, hoses, cable insu-
lation, shoe soles and other polymer products [3–10].
In addition, TAIC can be used as an Efficient Electro-
lyte Additive [11].

The brominated form is sold as a fire retardant for
olefin and styrene resins [12]. TAIC Provides heat and
weather resistance, good dispersibility and high ther-
mal stability (prevents yellowing) of products to which
it is added [12]. Triallyl isocyanurate polymerized with
methacrylate and divinylbenzene has been studied as a
urea adsorbent in artificial kidneys [13]. Triallyl isocy-
anurate polymerized with vinyl acetate was used as a
cross-linker in the synthesis of a chiral stationary
phase for the separation of amino acid enantiomers
using high performance liquid chromatography
(HPLC) [14].

Theoretical studies of polymerization agents are
important for understanding their energy structure
and potential use [15].

Recently, theoretical research has paid special
attention to the application of density functional the-
ory (DFT) to study Nonlinear optics (NLO) materials.
Thus, superalakalis [16–18], nanoclusters [19], supra-
molecular complexes [20] and others [21] are being
actively studied. Theoretical studies of materials allow
us to make assumptions about their possible characters
and properties, which allows us to think through pos-
sible areas of their application.

The purpose of this work was Experimental and
Theoretical Vibrational Spectroscopy investigtion,
molecular electrostatic potential (MEP), Time-
dependent density functional theory (TD-DFT)
study, Atoms in Molecules (AIM), Non-Covalent
Interaction Reduced Density Gradient (NCI-RDG),
Electron Localization Function (ELF)-Localized
Orbital Locator (LOL) analyses, the highest occupied
molecular orbital (HOMO) and the lowest unoccu-
pied molecular orbital (LUMO), chemical reactivity
and NLO properties of triallyl isocyanurate.

MATERIALS AND METHODS
Experimental Details

1,3,5-Triallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-tri-
one, CAS Number:1025-15-6 was purchased from
Sigma-Aldrich chemical company and used without
purification. FT-IR spectra of TAIC and its various
solutions were recorded using a Thermo Scientific
Nicolet iS10 FTIR spectrophotometer. The measure-
ments were performed in the range of 4000–400 cm−1
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with a resolution of 4 cm−1 at room temperature. A
total of 32 scans were accumulated for each spectrum
to ensure a high signal-to-noise ratio. The spectra
were recorded in ATR (Attenuated Total Reflectance)
mode using a deuterated triglycine sulfate (DTGS)
detector.

Computational Details

Theoretical calculations were performed using the
Gaussian 09 [22] and GaussView 5.0 software pack-
ages [23], and by using Becke’s three parameter exact
exchange functional (B3) [24] and three parameter
hybrid exchange functional with Lee–Yang–Parr cor-
relation functional [25] method with 6-311++G(d,p)
basis set. Firstly, ABCluster software [26] was used to
generate initial structures of TAIC-solvent complexes.
Initial guesses were checked to ensure that we obtained
the true global minimum of each structure. Secondly,
each of the generated structures was fully optimized at
the DFT: B3LYP/6-311++G(d,p) level of theory
determine the most stable geometry for each complex.
Theroretical UV-Vis analysis was performed using
TD-DFT/IEFPCM solvation method with 6-
311++G(d,p) basis set. Multiwfn 3.8 program [27] was
used for topological analyses and to draw electron
localization function diagram (ELF), localized orbital
locator (LOL) and atoms in molecules (AIM).

RESULTS AND DISCUSSIONS

Optimization of the molecular structure of the cal-
culated compounds is the first important step for fur-
ther calculations of physicochemical parameters [28].
The optimized Triallyl isocyanurate molecule is
shown in Fig. 1.
l. 20  No. 2  2026
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Table 1. The selected important vibrational frequencies (cm–1) determined theoretically (scaled by a factor of 0.9668) and
experimentally for TAIC

in Water in THF

theoretical experimental assignments theoretical experimental assignments

3108–2989 3720–2900 �C–H 3108–2988 3040–2780 �C–H

1720, 1635, 1632 1640 �C=O 1725–1641 1640 �C=O

1641 1630 �C=C 1647–1641 1640 �C=C

1389, 1195, 1078 1330, 1170 �C–N 1389, 1194, 1078 1460, 1360, 1190 �C–N

in DMSO in ACN

theoretical experimental assignments theoretical experimental assignments

3108–2989 3020–2890 �C–H 3108–2989 3030–2850 �C–H

1720–1633 1660 �C=O 1720–1634 1550–1330 �C=O

1642–1633 1660 �C=C 1642–1634 1550 �C=C

1389, 1195, 1078 1430, 1310, 1050 �C–N 1389, 1195, 1078 1330,1250,1030 �C–N
FTIR Analysis
FTIR spectroscopy is a powerful analytical tech-

nique widely employed for both qualitative and quan-
titative analysis, relying on the principle of molecular
vibrational transitions [28, 29]. This method is partic-
ularly effective for identifying functional groups in
organic and inorganic compounds, as different func-
tional groups exhibit characteristic absorption patterns
within specific frequency ranges [30]. Additionally,
the polarity of the solvent can significantly influence
the FTIR spectra of compounds due to interactions
between the solvent and the analyte, a phenomenon
referred to as the solvent effect [31].

In the present study, triallyl isocyanurate was inves-
tigated using FTIR spectroscopy in various solvents,
including water, tetrahydrofuran, dimethyl sulfoxide,
and acetonitrile. The obtained spectral data are illus-
trated in Fig. 2.

In the FTIR spectra (Fig. 2, Table 1), the absorp-
tion peak –C=C– and –C=O for triallyl isocyanurate
is located at 1641 and 1720 cm–1, respectively [32, 33].
Also clear absorption bands around 1720, 1635,
1632 cm–1, shown in Fig. 1, corresponds to the car-
bonyl stretching vibration (C=O). The isocyanurate
ring, the product of trimerization of isocyanate, can
usually be identified by a C–N stretch band in the
region of 1300–1460 cm–1 [34, 35]. Stretching vibra-
tions of the C–H group are observed in the region of
2900–3700 cm–1.

It should be noted that the effect of the solvent is
clearly visible in all experimental spectra (Fig. 2).
Thus, for the solvent water, there is a wide absorption
RUSSIAN JOURNAL O
band at 3000–3500 cm–1, which corresponds to vibra-
tions of the OH groups of water [36]. In all experimen-
tal spectra, the influence of the solvent is decisive,
while in theoretical spectra it only leads to a change in
the intensity of individual peaks.

The Highest Occupied Molecular Orbital and the Lowest 
Unoccupied Molecular Orbital Analysis

The energies of electronic levels are critical param-
eters that characterize materials and are widely utilized
across various scientific and industrial fields. Of par-
ticular importance are the energies of ionized levels,
which include the highest occupied molecular orbital
and the lowest unoccupied molecular orbital. These lev-
els represent the energy states available for excess holes
and excess electrons, respectively, and serve as key indi-
cators of a material’s electronic properties [37].

The energy separation between the HOMO and
LUMO, often referred to as the HOMO–LUMO gap,
is a fundamental parameter used to assess kinetic and
chemical stability [38–41]. A larger HOMO–LUMO
gap typically indicates higher kinetic stability and
lower chemical reactivity. This is because a significant
energy difference makes it energetically unfavorable to
either add electrons to the high-lying LUMO or
remove electrons from the low-lying HOMO, thereby
hindering the formation of an activated complex and
reducing reactivity [38, 42].

A graphical illustration of the HOMO–LUMO
concept is provided in Fig. S1, while the correspond-
F PHYSICAL CHEMISTRY B  Vol. 20  No. 2  2026



SOLVENT EFFECTS ON THE STRUCTURAL AND ELECTRONIC PROPERTIES 153

Fig. 2. FTIR spectra of TAIC: (1) experimental, (2) theoretical: (a) water, (b) THF, (c) DMSO and (d) ACN.
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ing analysis data, including HOMO and LUMO
energy values, is summarized in Table 2.

Based on the data provided in Table 2, the energy
gap (HOMO–LUMO gap) values for triallyl isocyan-
urate in the studied solvents range from 4.8229 eV (for
THF) to 4.8366 eV (for water). Overall, the parameters
analyzed for triallyl isocyanurate exhibit comparable
values across all solvents. Specifically, the electroneg-
ativity (χ) values are as follows: 7.2483 for water,
7.2494 for THF, 7.2483 for DMSO, and 7.2484 for
ACN. The chemical hardness (η) values reach their
maximum in water and their minimum in THF. A
similar trend is observed for the electrophilicity index
(N) and the chemical potential (μ), indicating consis-
tent behavior across the solvents.

Dipole moment μ (D), Polarizability α (e.s.u), and
first order hyperpolarizability β (e.s.u) of TAIC in dif-
ferent solvents was calculated (Table 3).

According to the data given in Table 3, these char-
acteristics have different meanings for TAIC in differ-
ent solvents. Thus, the value of μ(D) for Water, THF,
DMSO, ACN is 0.0778, 0.1287, 0.1317, 0.0158, respec-
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B  Vo
tively. The values of βtot (e.s.u) Water, THF, DMSO,
ACN are 12.621 × 10–30, 12.5368 × 10–30, 12.5943 ×
10–30, 12.582 × 10–30, respectively. The α (e.s.u) values
of Water, THF, DMSO, ACN are 33.7412 × 10–23,
34.8353 × 10–23, 34.0520 × 10–23, 33.509 × 10–23,
respectively.

Ultraviolet-Visible Spectroscopy Analysis

Ultraviolet-visible spectroscopy is a versatile ana-
lytical technique widely employed for qualitative and
quantitative analysis, structural determination, and
real-time monitoring of reactions across diverse media
[43]. This method relies on the interaction of a light
source with the sample, which can be analyzed
through absorption, transmission, or reflection within
the UV-visible spectral range [44–46].

In this study, triallyl isocyanurate was also investi-
gated using UV-vis spectroscopy in various solvents,
including water, tetrahydrofuran, dimethyl sulfoxide,
and acetonitrile. The results are presented in Fig. 4. As
shown in the figure, the solvents do not significantly
l. 20  No. 2  2026
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Fig. 3. UV-Vis spectra of TAIC: (1) water, (2) THF,
(3) DMSO and (4) ACN.
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alter the position of the absorption peak for triallyl iso-
cyanurate but do influence its intensity.

According to the data presented in Table 4, in the
UV-vis spectra, the TAIC peak is in the range from
206.07 to 206.38 nm, depending on the solvent. The f
values also have comparable values: from 0.0006–
0.0007 eV. Eex values range from 6.0074 to 6.0167 eV
depending on the solvent used (within the test sub-
stances).

Non-Covalent Interaction Reduced 
Density Gradient Analysis

Non-covalent interactions within molecular clus-
ters were analyzed using NCI-RDG methods. These
techniques are highly effective for identifying and
visualizing weak interactions, such as hydrogen bond-
ing, van der Waals forces, and steric (repulsive) effects,
through distinct color-coded or numbered representa-
tions. The NCI index serves as a robust indicator of
non-covalent interactions and is closely associated
with the reduced density gradient. The RDG is a
dimensionless parameter derived from the electron
density and its first derivative, as described by the fol-
lowing formula [47]:

The electron density peaks, characterized by the
parameter sign(λ2)ρ (where λ2 is the second eigen-
value of the Hessian matrix), provide critical insights
into the nature and strength of molecular interactions

( )
( )

( )
( )

∇ρ=
ρπ

1/3 4/32

1RDG .
2 3

r
r
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Table 2. Electronic parameters obtained from HOMO and L

Parameter W TH

ELUMO –4.8300 –4.8

EHOMO –9.6666 –9.6

∆E 4.8366 4.8

IP 9.6666 9.6

EA 4.8300 4.8

χ 7.2483 7.2

μ –7.2483 –7.2

η 2.4183 2.41

ζ 0.4135 0.41

ω 10.8627 10.8

ΔNmax 2.9973 3.0

N 0.0921 0.0

σ˳ 0.2068 0.2
when analyzed in relation to the reduced density gra-
dient. The value of sign(λ2)ρ is particularly significant
in determining the type of interaction: sign(λ2)ρ > 0
indicates repulsive interactions (non-bonded), while
sign(λ2)ρ < 0 signifies attractive interactions (bonded).

The NCI isosurface and RDG scatter maps of tri-
allyl isocyanurate are presented in Fig. 5. On the left
side of Fig. 5, the color-coded regions reveal the
nature of interactions: blue (number 1) represents
hydrogen bonding, green (number 2) corresponds to
van der Waals interactions, and red (number 3) indi-
F PHYSICAL CHEMISTRY B  Vol. 20  No. 2  2026

UMO energies for TAIC in different solvents

F DMSO ACN

379 –4.8306 –4.8311

609 –9.6660 –9.6658

229 4.8355 4.8346

609 9.6660 9.6658

379 4.8306 4.8311

494 7.2483 7.2484

494 –7.2483 –7.2484

15 2.4177 2.4173

47 0.4136 0.4137

966 10.8651 10.8673

062 2.9980 2.9985

918 0.0920 0.0920

073 0.2068 0.2068
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Table 3. Computed values of dipole moment μ (D), Polarizability α (e.s.u), and first order hyperpolarizability β (e.s.u) of
TAIC in different solvents

Parameters W THF DMSO ACN

μx 0.0382 0.0248 0.0275 0.0529

μy –0.0331 –0.1263 –0.1288 –0.0126

μz 0.0592 0.0009 0.0009 0.0330

μ 0.0778 0.1287 0.1317 0.0158

αxx 34.9318 35.5093 35.0011 34.6671

αxy –1.7131 –1.9192 –1.8613 –1.7046

αyy 40.7728 42.0843 41.5484 40.4649

αxz –0.6690 0.7110 –0.6911 –0.6683

αyz –1.2995 –1.6098 –1.500 –1.1513

αzz 25.5190 27.9243 26.7202 25.3708

a, a.u 227.6734 228.0393 228.9663 226.0522

a, e.s.u 33.7412 × 10–23 34.8353 × 10–23 34.0520 × 10–23 33.509 × 10–23

∆a, a.u 418.5024 468.6206 419.5905 414.8205

∆a, e.s.u 61.9547 × 10–23 63.0011 × 10–23 62.4548 × 10–23 61.4946 × 10–23

βxxx 144.0021 150.0249 149.5287 132.1206

βxxy –105.2412 –107.9100 –107.6709 –104.4225

βxyy –75.4397 –77.4143 –76.8347 –74.9245

βyyy 32.0659 32.7465 32.4220 31.9073

βzxx 0.5805 0.5681 0.6765 0.5663

βxyz –0.2032 –0.4037 –0.3034 –0.1716

βzyy 0.4462 0.6436 0.5453 0.3136

βxzz –14.8846 –15.9815 –15.6604 –13.9175

βyzz –22.3943 –23.7524 –23.1896 –21.7368

βzzz –0.0547 –0.0851 –0.0618 –0.0247

βtot, a.u 156.4229 160.6315 160.2947 144.0646

βtot, e.s.u 12.621 × 10–30 12.5368 ×10–30 12.5943 × 10–30 12.582 × 10–30
cates strong repulsion (steric effects). Similarly, on the
right side of Fig. 5, the color scheme is consistent, with
blue (number 1) denoting hydrogen bonding, green
(number 2) representing van der Waals forces, and red
(number 3) highlighting steric repulsion.

The presence of blue discs (number 1) between O–
H O, O–H N, and N–H O bonds in the molec-
ular clusters confirms hydrogen bonding, aligning
with the results obtained from AIM (Atoms in Mole-
cules) analysis. In the case of TAIC interacting with
THF, regions with red and green coloring dominate,
indicating a mix of steric repulsion and van der Waals

� � �
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B  Vo
interactions. Conversely, for TAIC with DMSO or
ACN, the maps show predominantly green regions,
suggesting a stronger presence of van der Waals inter-
actions.

Electron Localization Function and Localized Orbital 
Locator Topological Surface Analyses

To gain deeper insights into covalent bonding
within molecular interactions, we conducted Electron
Localization Function and Localized Orbital Locator
topological surface analyses. These methods are
l. 20  No. 2  2026
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Fig. 4. NCI-RDG analysis of TAIC with solvents: (a) water, (b) THF, (c) DMSO and (d) ACN.
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Table 4. Absorption data for TAIC in different solvents

Medium Electronic 
transitions

Eex, eV λ, nm f, eV Transition 
probability, %

Water S0 → S3 6.0074 206.38 0.0006 H-5 → L+1(9)
H-4 → L (14)
H-1 → L (19)
H → L+1 (53)

THF S0 → S3 6.0167 206.07 0.0006 H-5 → L+1(11)
H-4 → L (17)
H-1 → L (17)
H → L+1 (49)

DMSO S0 → S3 6.0109 206.27 0.0007 H-5 → L+1(11)
H-4 → L (17)
H-1 → L (17)
H → L+1 (50)

ACN S0 → S3 6.0112 206.25 0.0007 H-5 → L+1(11)
H-4 → L (17)
H-1 → L (17)
H → L+1 (50)
designed to identify regions with a high probability of
locating electron pairs, providing valuable informa-
tion about electron distribution and bonding charac-
teristics [48–50]. While ELF and LOL are conceptu-
ally similar, they differ in their specific applications:
ELF generalizes to spin-polarized systems and reflects
electron localization relative to the Fermi hole,
whereas LOL provides a more precise representation
by focusing on the true kinetic energy term.

The ELF and LOL color maps for the studied
molecular interactions are displayed in Figs. S2 and
S3, respectively. The ELF values range from 0.0 to 1.0,
while the LOL values range from 0.0 to 0.8. Analysis of
the color maps reveals distinct patterns:

• In the ELF map, regions around hydrogen atoms
appear in red, indicating high electron localization,
while blue regions around carbon atoms suggest a
delocalized electron cloud.

• In the LOL map, the center of hydrogen atoms
appears white, signifying that the electron density
exceeds the upper limit of the color scale (0.80).
Nitrogen and several carbon nuclei display circular
blue regions, representing areas of electron loss
between the valence and inner shells.

• Red circles highlight the most significant cova-
lent regions, particularly between carbon- carbon and
carbon-nitrogen atoms.

The color gradients in both ELF and LOL maps
confirm the presence of bonding and non-bonding
electrons. Specifically, the red regions around hydro-
gen atoms indicate the presence of both bonding and
non-bonding electrons at their maximum values.
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Atoms in Molecules Analysis

Numerous theoretical studies [48–51] have
demonstrated that Atoms in Molecules analysis, intro-
duced by Bader and his collaborators [52–54], is one
of the most effective tools for characterizing weak
interactions, such as intra- and intermolecular hydro-
gen bonding, in various molecular systems. According
to this theory, bond critical points (BCPs) emerge
between atoms due to the spatial concentration of
electrons. At these points, the gradient of the electron
density vanishes: ∇2ρBCP = 0. BCPs are crucial for
identifying and characterizing chemical bonds,
including hydrogen bonds. While Popelier and Koch
[55] proposed several topological parameters to
describe hydrogen bonding, the most commonly used
are the electron density (ρBCP) and the Laplacian of
electron density (∇2ρBCP) at the BCP. For hydrogen
bonding to be confirmed, the values of ρBCP should fall
within the range of 0.0033–0.168 a.u., and ∇2ρBCP
should be between 0.024–0.139 a.u. [56].

Rozas and colleagues [57–59] further classified
hydrogen bonding interactions into three categories
based on the Laplacian of electron density and the
energy density at the BCP:

(1) Strong hydrogen bonds: Characterized by
∇2ρ(r) < 0 and HBCP < 0, indicating a covalent nature.

(2) Medium hydrogen bonds: Defined by ∇2ρ(r) > 0
and HBCP < 0, suggesting a partially covalent character.

(3) Weak hydrogen bonds: Identified by ∇2ρ(r) > 0
and HBCP > 0, primarily electrostatic in nature.
l. 20  No. 2  2026
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Fig. 5. AIM analysis of TAIC with solvents.

(a)

(b)

(c)

(d)

Table 5. Topological parameters obtained from AIM anal-
ysis for TAIC + W, TAIC + THF, TAIC + DMSO and
TAIC + ACN

ρ—the electron density (a.u.), ∇2ρ—the Laplacian of electron
density (a.u.), H—the energy density (a.u.) and EHB—H–bond
energy (kcal/mol) at the bond critical points (BCPs).

Contact type ρBCPs ∇2ρBCPs HBCPs EHB

TAIC + W

O34 H31 0.0097 0.0334 0.0007 –2.1648

H40 O3 0.0227 0.0745 0.0005 –5.4906

O34 H21 0.0063 0.0257 0.0011 –1.2863

H32 O36 0.0096 0.0327 0.0007 –2.1021

H23 O36 0.0072 0.0284 0.0011 –1.5060

H41 O2 0.0233 0.0759 0.0005 –5.6161

H22 O38 0.0085 0.0289 0.0008 –1,7570

O1 H42 0.0229 0.0727 0.0002 –5.5533

TAIC + THF

H32 O71 0.0081 0.0277 0.0007 –1.6942

O71 H23 0.0067 0.0238 0.0008 –1.3491

O46 H30 0.0106 0.0326 0.0003 –2,3217

H51 O2 0.0081 0.0296 0.0009 –1,7256

O1 H63 0.0080 0.0293 0.0009 –1.6942

H20 O72 0.0072 0.0251 0.0007 –1.4746

H28 O72 0.0078 0.0269 0.0007 –1.6315

TAIC + DMSO

H20 O37 0.0104 0.0327 0.0004 –2.2590

O37 H28 0.0096 0.0318 0.0006 –2.1021

H33 O36 0.0081 0.0277 0.0006 –1.7256

O1 H43 0.0093 0.0356 0.0011 –2.0707

O36 H45 0.0104 0.0334 0.0005 –2.2903

O36 H51 0.0087 0.0304 0.0007 –1.8825

H30 O34 0.0090 0.0297 0.0007 –1.8511

TAIC + ACN

N48 H33 0.0043 0.0149 0.0008 –0.6588

N48 H40 0.0047 0.0157 0.0007 –0.7216

H43 N50 0.0080 0.0265 0.0010 –1.3805

H36 O2 0.0097 0.0361 0.0010 –2.1648

N46 H28 0.0060 0.0193 0.0008 –0.9726

H39 O3 0.0088 0.0306 0.0007 –1.8825
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In Fig. 5, the molecular diagram of triallyl isocyan-
urate with solvents is illustrated. The BCPs are marked
by orange dots, ring critical points (RCPs) by yellow
dots, and cage critical points (CCPs) by green dots.
Table 5 provides detailed topological parameters at the
BCPs, including the electron density ρ(r), the Lapla-
cian of electron density ∇2ρ(r), the Lagrangian kinetic
energy G(r), the potential energy V(r), the energy den-
sity H(r), and the hydrogen bond energy EHB. The
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B  Vol. 20  No. 2  2026



SOLVENT EFFECTS ON THE STRUCTURAL AND ELECTRONIC PROPERTIES 159
hydrogen bond energy was calculated using the fol-
lowing relationship [60–67]:

where V(rCP) = 1/4∇2ρBCP – 2G(rCP) is potential
energy density in the BCPs.

The values of electron density (ρ) and electron
density Laplacian (∇2ρ) at BCPs for triallyl isocyanu-
rate interacting with water, THF, DMSO, and ACN
fall within the following ranges:

• Water: ρ = 0.0085–0.0233 a.u., ∇2ρ = 0.0067–
0.0106 a.u.

• THF: ρ = 0.0081–0.0104 a.u., ∇2ρ = 0.0043–
0.0097 a.u.

• DMSO: ρ = 0.0081–0.0104 a.u., ∇2ρ = 0.0043–
0.0097 a.u.

• ACN: ρ = 0.0043–0.0097 a.u., ∇2ρ = 0.0043–
0.0097 a.u.

These values, illustrated in Fig. 6 and detailed in
Table 5, lie within the established range for hydrogen
bonding. Additionally, the bond lengths between the
interacting atoms are shorter than the sum of their van der
Waals radii, further confirming the presence of hydrogen
bonds in these systems. The calculated hydrogen bond
energies range from –0.97 to –5.62 kcal/mol, indicating
weak to moderate hydrogen bonding interactions.

CONCLUSIONS

For the first time, a comprehensive (theoretical
and experimental) study of triallyl isocyanurate was
carried out, and the effect of the solvent on its energy
structure was assessed. Data were obtained from
Experimental and Theoretical Vibrational Spectros-
copy, MEP, TD-DFT study, AIM, NCI-RDG, ELF-
LOL, HOMO–LUMO analyses. It has been shown
that the solvent plays a decisive role in the analysis by
FTIR spectroscopy. The values of electron density and
electron density Laplacian in BCPs of TAIC with
water, THF, DMSO and ACN are in the range of
0.0085–0.0233 a.u., 0.0067–0.0106 a.u., 0.0081–
0.0104 a.u. and 0.0043–0.0097 a.u., respectively. The
energies of such hydrogen bonds vary between –0.97 and
–5.62 kcal/mol. The color shades of ELF and LOL
maps confirm the presence of bonding and non-bond-
ing electrons, where the red color around hydrogen
atoms shows the presence of bonding and non-bond-
ing electrons with maximum value. According to
RDG analysis, the interaction of TAIC with THF is
characterized by regions with red and green coloring,
while for TAIC with DMSO or ACN, more green
regions are observed. The color shades of ELF and
LOL maps confirm the presence of bonding and non-
bonding electrons, where the red color around hydro-
gen atoms shows the presence of bonding and non-
bonding electrons with maximum value.

( )=HB CP– 627.5/2,E V r
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B  Vo
In summary, the study provides a detailed under-
standing of the solvent-dependent electronic and
structural properties of TAIC, highlighting the signif-
icance of solvent effects in molecular interactions and
spectroscopic analysis.
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