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Abstract:

Reactivity, aromaticity, and absorption spectra of pyridine, pyridazine, pyrimidine, pyrazine, 1,2,3-
triazine, 1,2,4-triazine and 1,2,5-triazine are studied in the light of Density functional theory (DFT) at
B3LYP/6-31+G(d,p) level of theory. Frontier molecular orbitals are studied, both HOMO and LUMO
energies and their shapes changes on increasing the number of N-atom in the rings. Global hardness (1)
and global electrophilicity () values comply with both MHP and MEP. In plane and out of plane
aromaticity vary significantly with change in the position and number of N-atom in the ring, and maximum
aromaticity is found around 1.0 A from the molecular plane. Time dependent density functional theory
(TDDEFT) is study has suggested their absorption maxima primarily in the UV-region, and shows both red
and blue shift depending upon the position and number of N-atom in the heteroarenes.

Keywords: HOMO-LUMO gap, global hardness, electrophilicity, aromaticity, TD-DFT, absorption
spectra

1. Introduction

N-heteroarenes contains a ring structure with one or more N-atoms. They are aromatic in nature and
exhibit unique electronic properties. These heteroarenes have profound application in the field of catalysis,
material science, pharmaceutical, environmental domain.!* Apart from these, N-heteroarenes have also
been used in functionalizing carbon nanomaterials thereby enhancing their surface activity.!* N-
heteroarenes play significant roles in the chemical processes both in plant and animal. Substances such as
chlorophyll of plants and heme unit of blood, components of nucleic acids, coenzymes, amino acids,
alkaloids etc. also contain N-heteroarenes are one of the components.'* N-heteroarenes (especially five
and six membered), like other aromatic compounds, contain a closed system of (4n + 2) n-electrons and
their chemistry is determined by the specific nature of each heterocyclic ring.>

Experimental studies on some properties of 6-membered N-heteroarenes have previously been reported.”*
From the view point of their utility and applicability, a systematic understanding about different properties
of N-heteroarenes imperative. Density functional theory (DFT) provides useful information about
energetic, structure and properties of molecules at much lower costs than wave function technique’ and
has been widely used in studying different properties of molecular systems. Therefore, an attempt has been
made to study the global reactivity descriptors viz. global hardness, chemical potential and philicity, and
local reactivity descriptors such as Fukui function, electrophilicity index of a few six membered
isoelectronic N-heteroarenes viz. pyridine, pyridazine, pyrimidine, pyrazine, 1,2,3-triazine, 1,2,4-triazine
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and 1,2,5-triazine using DFT. Variation in dipole moments is also scrutinized. Apart from this, energy,
and shape of frontier molecular orbitals (FMOs), in plane and out of plane aromaticity and UV-Visible
absorption (gas and solvent phase) spectra of these N-heteroarenes are also studied.

2. Theoretical and computational details:

Chemical potential («) and global hardness (7) are defined as the first and second derivative of energy
with respect to the number of electrons respectively.!” Use of finite difference approximation and
Koopmans' theorem!! lead to the working formulae for u and # as: # = (Erumo—Enomo)/2, u = (Erumo +
Enomo)/2. Parr and co-workers proposed electrophilicity (@) as a measure of electrophilic power of a
ligand and its propensity to soak up electrons'? and mathematically w = u?/25. Herein, ELumois the energy
of lowest unoccupied molecular orbital (LUMO) and Enomo is the energy of the highest occupied
molecular orbital (HOMO).

All calculations are carried out using Gaussian 09 program.'’ The geometrical minima of the species are
obtained using Becke three parameter exchange and Lee, Yang and Parr correlation functional (B3LYP)
in combination with 6-31+G(d,p) basis set. The geometrical minima are ensured by presence of real
frequency in the frequency calculation. Reactivity parameters are calculated by using the abovesaid
equations. Aromaticity of the chosen N-heteroarenes by estimating the nucleus independent chemical shift
(NICS) values.'* Gauze Independent Atomic Orbital (GIAO) method is used to calculate the aromaticity
by placing a Bq atom at the centre of the molecular plane and out of the plane.'* Throughout the
manuscript, negative value of isotropic shift is reported. Solvent phase analysis of the aforesaid parameters
is also scrutinized. TD-DFT (time dependent density functional theory) is used for studying the UV-
Visible absorption spectra of a system.!> Absorption spectra of the concerned system are interpreted using
N=10 method at the same level of theory. Solvent phase analysis of UV-Visible absorption spectra is
studied in two model solvents viz. cyclohexane and DMSO using Polarizable Continuum Model (PCM).!¢

3. Results and discussions:

3.1 Molecular Electrostatic Potential Surface:

The reactivity at a particular site can be predicted by considering the concept of molecular electrostatic
potential MEP).!” Therefore, MEP surface for the chosen N-heteroarenes is studied along with calculation
of Vsmax) (region of electron deficient region) and Vsmin) (region of electron excess region) values and the
obtained results are presented in Figure 1. The appearance of yellow-red color in the MEP surface
indicates the region with high electron density while presence of blue color in the same indicates the region
associated electron deficiency.!” Referring to Figure 1, it is seen that, the region around N-atom is reddish
in color, thereby indicating the high electron density around the heteroatom. This is also expected, and is
attributed to the higher electronegativity of N-atom compared to C-atom. Rest of the part of the
heteroarenes are greenish or bluish in color, thus indicating electron deficient region. Vymax) around the
H-atom of the N-heteroarenes are found to be within the range from 20.84 to 34.91 kcalmol™! and Vsgmin
around the N-atom of the N-heteroarenes are found to be within the range from -25.77 to -41.80 kcalmol
!, Figure 1. Thus, area around N-atom will be prone to electrophilic attack while other region is expected
to susceptible to nucleophilic attack. Thus, presence of N-atom at different positions brings about
unsymmetrical charge distribution at the region around N-atom in the heterocyclic ring and govern the
local reactivity and site selectivity to some extent.
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Figure 1 MEP surfaces along with Vsmax) and Vsmin) for (a) pyridine, (b) pyridazine, (c)
pyrimidine, (d) pyrazine, (e) 1,2,3-triazine, (f) 1,2,4-triazine and (g) 1,2,5-triazine

3.2 Geometry of the optimized structures

The optimized structures of the concerned systems at B3LYP/6-31+G(d,p) level of theory are given in
Figure 2. From the figure, it is obvious that presence of heteroatoms in the ring brings about some kind
of distortions in the ring. This can be attributed to size difference between C and N-atoms. However,
planarity of all the chosen N-heteroarene remains intact.'® The C-C, C-N and N-N bond lengths are found
to be within the range 1.39-1.41A, 1.33-1.34 A and 1.32-1.34 A respectively.

(2
Figure 2 The optimized geometries of (a) pyridine, (b) pyridazine, (¢) pyrimidine, (d) pyrazine, (e)
1,2,3-triazine, (f) 1,2,4-triazine and (g) 1,2,5-triazine

3.3 Variation in shapes and energy of HOMO and LUMO, and Dipole moment
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Shapes of HOMO and LUMO is important in describing the electron donor and acceptor sites in a system!®
and therefore, their shapes are studied and depicted in Figure 3. Referring to the figure, HOMO of the
chosen N-heteroarenes is primarily located near the N-atom present in the ring and LUMO is located on
the area further from the N-atom residing on the chosen rings. Thus, electron donating capacity of these
heteroarenes is predominantly associated with the N-atom present on the ring system while the electron
accepting capacity of the molecules are associated with the C-atoms present in the ring system.'® This is
also expected, because N-atom in all these heteroarenes possess lone pair of electrons and is available for

donation to suitable acceptors.
..--*:‘;;EM

Figure 3: Shapes of FMMOs (a) HOMO of pyridine, (b) LUMO of pyridine (¢c) HOMO of
pyridazine, (d) LUMO of pyridazine (¢) HOMO of pyrimidine, (f) LUMO of pyrimidine (g)
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HOMO of pyrazine, (h) LUMO of pyrazine (i) HOMO of 1,2,3-triazine, (j) LUMO of 1,2,3-triazine
(k) HOMO of 1,2,4-triazine, (I) LUMO of 1,2,4-triazine, (m) HOMO of 1,2,5-triazine, (n) LUMO
of 1,2,5-triazine
Measurement of Enomo of a species happens to be an important factor because of two reasons. Firstly, it
measures the electron donating ability i.e., the reactivity of the species and secondly it governs the
absorption spectra of the molecule (along with ELumo).!® The Enomo, ELumo, HOMO-LUMO gap (AE), IE
and EA obtained at B3LYP/6-31G+(d,p) level of theory in gas phase (in kcal/mol) is presented in Table
1. Since, the chosen species are isoelectronic, their stability can be predicted from their Enomo values.
More negative (lower) the Enomo, higher is the stability of the systems. Enomo values for the chosen N-
heteroarenes are found to be -165.96, -154.55, -167.33, -167.87, -169.23, -161.41 and -182.68 kcalmol!
for pyridine, pyridazine, pyrimidine, pyrazine, 1,2,3-Triazine, 1,2,4-Triazine and 1,3,5-Triazine
respectively. If more negative Enomo 1s used as measure of stability, 1,3,5-Triazine is the most stable six
membered N-heteroarenes while pyridazine is the less stable isoelectronic species. Thus, presence and
position of N-atom in the ring modulates the electron donating ability and thereby reactivity of the chosen
systems. The observed Erumo values for the chosen systems are found to be within the range -24.89 to -
58.75 kcalmol ™. Thus, the chosen systems are prone to release its electrons for reaction quite readily. In
HOMO-LUMO gap (AE) values not only measures the stability but also give key information about the
band gap of chosen systems.!® It predicts whether a substance a conductor, semiconductor, or insulator.
For a system with large band gap (> 95 kcalmol™!) are said to be insulator while a considerably small band
gap, the system is known to be conductor while any intermediate value corresponds to semiconducting
properties. It is seen that AE values are all >100 kcal mol, thereby indicating their insulating nature.
Large the band gap, larger is the stability. Thus, 1,3,5-triazine is the most stable while 1,2,4-triazine is the

least stable. Frontier molecular orbitals are almost unaffected in presence of solvent phase.

Table 2 HOMO and LUMO energies, and band gap (HOMO-LUMO gap), Dipole moment (D) for
the systems in kcalmol!

Systems Enomo Evrumo AE Dipole moment
Pyridine -165.96 | -24.89 -141.07 | 2.38

Pyridazine -154.55 | -41.77 -112.78 | 4.42
Pyrimidine -167.33 | -36.50 -130.83 | 2.48

Pyrazine -164.87 | -42.37 -122.51 | 0.0
1,2,3-triazine | -169.23 | -53.95 -115.27 | 5.24
1,2,4-triazine | -161.41 | -58.75 -102.66 | 2.74
1,3,5-triazine | -182.68 | -45.43 -137.25 0.0

Polarity of a system provides useful information about the solubility of a system along with its propensity
to behave in solvent systems. Therefore, dipole moments for the chosen systems are studied and the
calculated dipole moments are given in Table 2. It is seen that, dipole moment for the system varies
significantly depending (from 0.0 to 5.24 D) on the number and position of N-atom in the ring. Pyrazine
and 1,3,5-triazine are non-polar and hence expected to be soluble in non-polar solvents. On the other hand,
polarity of the other N-heterocycles increased in the order: Pyridine (2.38 D) < Pyrimidine (2.48 D) <
1,2,4-triazine (2.74 D) < Pyridazine (4.42 D) < 1,2,3-triazine (5.24 D). Presence of solvent phase exerts
nominal impact on the dipole moment of the chosen systems.
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3.4 Global Reactivity descriptors:

Chemical stability of a system can be predicted from the variation of relativity parameters, viz global
hardness (7), chemical potential (¢) and electrophilicity ().!® The variation of global hardness, chemical
potential and electrophilicity are studied and the gas phase results are presented in Table 3. From the table
global reactivity descriptors viz. 5, 4 and w change with variation in the position and number of N-atom
present in the heteroarenes.'® This may be attributed to the change in electron density produced due to the
presence of heteroatoms in different positions. # value decreased in the order: Pyridine (70.53) > 1,3,5-
triazine (68.62) > Pyrimidine (65.41) > Pyrazine (61.24) > 1,2,3-triazine (57.64) > Pyridazine (56.39) >
1,2,4-triazine (51.33); values are in kcalmol™'. Higher the # value, higher is the stability. Thus, pyridine is
expected to be most stable and 1,2,4-triazine is expected to be least stable amongst all. With few
exceptions, 4 and w values also predicted similar stability of the chosen N-heteroarenes.

Table 3: Variation in global hardness (7), chemical potential («) and philicity (o) in kcal/mol

Systems ] u 0]
Pyridine 70.53 -95.42 64.55
Pyridazine 56.39 -98.16 85.43
Pyrimidine 65.41 -101.91 79.38
Pyrazine 61.24 -103.61 87.63
1,2,3-triazine | 57.64 -111.59 108.02
1,2,4-triazine | 51.33 -110.08 118.03
1,3,5-triazine | 68.62 -114.05 94.77

The comparative variation between electronic energy and global hardness and, global hardness and
electrophilicity is shown in Figure 4. Although, global hardness is a measure of chemical stability of a
molecular system, there is found to be no strong correlation (R* =0.26) between electronic energy and
global hardness (Figure 4a). In other words, a system with highest global hardness does not possess least
electronic energy in all the cases. From Figure 4b, it is obvious that MHP (Maximum Hardness Principle-
higher the hardness higher is the stability) and MEP (Minimum Electrophilicity Principle-lower the
philicity higher is the stability) principles is valid for most of the chosen N-heteroarenes.'® By applying
these two principles we can infer that pyridine has maximum stability (less reactive) and 1,2,4-triazine has
minimum stability (more reactive) amongst the considered systems. NO considerable variation in
reactivity parameters is observed in presence of solvent phase.

<-1550004 3 70 = 704 120
[ \ 3 " -
%-1(’.3030 ' > les & Eos [ '
3 o5 § %] 0 §
= | i > 3
-165000 o B 7 80 -
B r60 o o &
c 5 . a
W 170000 | 5 B : g0 £
5-175000 N .| 8 2 1 o ¥
Ex) ) & g "r"l . *5 B

180000 : PR TR TR AT P o

PyDres i art I Byl et et et el i M b e R s R S
(a) (b)
Figure 4 Variation between (a) electronic energy and global hardness and (b) global hardness and
philicity
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3.5 Aromaticity:

Aromaticity cannot be measured directly, can be quantified by measuring structural, energetic, magnetic
and electronic properties that are associated with aromatic compounds.'®?! Magnetic properties of a
species depends directly on the induced ring current and is an useful tool to gauge aromatic properties.'*-
2I'NICS is one of the most extensively used protocols to estimate aromaticity and can have positive (anti-
aromatic) and negative (aromatic) values.'*?! A non-aromatic system possesses NICS value close to
zero.'”2! NICSis, and NICS,, values can be used to predict aromatic character of a ring system. Since
NICS;; values provides more accurate information about the m-electrons hence NICS, values are
calculated for the chosen N-heteroarenes.'®?! In addition to in plane NICS_, (0) value, NICS.. (0.25),
NICS,, (0.50), NICS,, (0.75) upto NICS_, (2.00) values are also computed over these distances from the
centre of the plane of the ring (these values are scanned).

Table 4: NICS:z; values of the chosen systems at varying distances.

Systems Pyridine | Pyridazine | Pyrimidine | Pyrazine | 1,2,3- 1,2,4- | 1,3,5-
triazine | triazine | triazine

NICS2, (0) -12.62 -11.06 -10.18 -12.01 -9.65 -9.45 -6.91

NICS:. (0.25) -21.80 | -14.32 -13.35 -15.12 -13.28 | -12.93 |-10.36
NICS:. (0.50) -26.80 | -21.14 -20.09 -21.68 -20.68 | -20.10 | -17.65
NICS2 (0.75) -28.29 -26.47 -25.42 -26.78 -26.25 | -25.62 | -23.42
NICS (1.00) -26.70 | -27.95 -27.01 -28.11 -27.64 | -27.07 | -25.27
NICS;; (1.25) -23.48 -26.25 -25.44 -26.31 -25.73 | -25.28 | -23.86
NICS;. (1.50) -19.83 -22.92 -22.27 -22.92 -22.30 | -21.94 | -20.83
NICS;. (1.75) -16.38 -19.24 -18.69 -19.19 -15.13 | -18.28 | -17.42
NICS (2.00) -15.15 -15.79 -15.36 -15.74 -12.65 | -14.92 | -14.25

The variation of NICS(, values with distance from the Bq atom for the concerned system of the
heterocyclic ring are depicted in Figure 5. Referring to Table 4 and Figure S, it is apparent that the
molecular plane of the chosen systems is aromatic with NICSzz values within the range -9.45 to -12.62.
The molecular plane of Pyridine is most aromatic while 1,2,4-triazine is the least aromatic. Moreover,
NICS(z,) values are distant dependent. With increase in the distance from the molecular plane the NICS.)
values become more negative around ~1.0 A from the molecular plane. On moving further from the
molecular plane, the NICS(,, values become less negative, Table 4 and Figure 5. The diatropic ring
current predominates around ~1.0 A from the molecular plane thereby increasing the aromaticity. With
increase in distance further, the diatropic ring current decreases resulting in decrease in aromaticity.!8!
Recent literature has also indicated similar observation for N-doped graphene.!® Thus, it can be inferred
that presence of N-atom in the heterocycle at different positions alters the ring current induced which
controls their aromaticity and hence reactivity of the heterocycles. In presence of solvent phase, no
variation in aromaticity is observed.
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Figure 5: Variations in NICS(z) values with the distances of from the plane

3.6. UV-Visible Spectra:
When a molecule absorbs some radiation, it goes to excited state. However, at excited state the molecule

is reluctant to exists and it releases radiation and comes back to the ground state. The wavelength of the
emitted radiation gives characteristic bands.?> UV-Visible absorption spectra of the chosen compounds
are studied at the same level of theory (B3LYP/6-31G(d,p)) in gas and solvent phase (cyclohexane and
DMSO) and the observed results are depicted in Figure 6. The corresponding wavelength, excitation
energy, predominant orbital involved in the transition for the chosen N-heteroarenes in are shown in Table

5 (gas phase), Table 6 (cyclohexane), Table 7 (DMSO).
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Figure 6: Absorption spectra (a) pyridine, (b) pyridazine, (¢) Pyrimidine, (d) pyrazine, (e) 1,2,3-
triazine, (f) 1,2,4-triazine and (g) 1,3,5-triazine in gas phase

Table 5. Excitation energies, corresponding wavelength, predominant transitions, and orbital
contribution in gas phase

Systems Amax f (oscillator | Orbital FMO Energy
frequency) | contribution (eV)
Pyridine 172.2 0.51 0.56 HOMO-2—LUMO+1 | 7.20
225.6 0.04 0.61 HOMO-1-LUMO 5.49
Pyridazine | 172.0 0.07 0.64 HOMO—LUMO+5 7.21
2194 0.03 0.59 HOMO-1-LUMO 5.65
Pyrimidine | 174.2 0.05 0.69 HOMO—LUMO+3 7.13
2154 0.03 0.60 HOMO-1-LUMO 5.70
Pyrazine 180.7 0.06 0.70 HOMO-1-LUMO+3 | 6.86
229.7 0.09 0.66 HOMO-1-LUMO 5.40
1,2,3- 189.4 0.03 0.59 HOMO-2—LUMO 6.54
triazine 290.5 0.01 0.70 HOMO-1—-LUMO 4.26
336.8 0.01 0.70 HOMO—LUMO 3.68
1,2,4- 184.5 0.03 0.67 HOMO—LUMO+3 6.72
triazine 219.0 0.07 0.64 HOMO-1-LUMO 5.66
403.0 0.01 0.71 HOMO—LUMO 3.07
1,3,5- 173.3 0.07 0.70 HOMO—-LUMO+2 7.15
triazine 271.5 0.01 0.51 HOMO—LUMO+1 4.57

In the gas phase, pyridine shows absorption maxima at 172.2 nm (narrow, high intensity) and 225.6 nm
(broad, low intensity), Figure 6 and Table 5. Experimental studies on pyridine show absorption maxima
at 204 nm and 256 nm.?* The observed results are close to the experimental results thereby validating the
use of B3LYP/6-31+G(d,p) level of theory for studying the UV-Visible absorption spectra of the chosen
N-heterocycles. The observed absorption maxima for pyridine can be attributed to the n— z* and 7—=z*
transitions (HOMO-2—LUMO+1 and HOMO-1—LUMO transition), Figure 6a and Table 5. Comparing
the Amax value of pyridine, it is seen that Amax values for the high intensity maxima is almost unshifted for
pyridazine and pyrimidine, Figure 6a and Table 5. However, in case of pyrazine red shift is observed
with Amax value of 180.7 nm (attributed to HOMO-1—LUMO-+3 transition). Previous literatures have also
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indicated the absorption spectra within similar range of maxim.?>?** In case of 1,2,3-triazine, three
absorption maxima are observed viz. at 189.4 (narrow and high intensity, HOMO-2—LUMO transition),
290.5 (HOMO-1—-LUMO transition) and 336.8 nm (HOMO—LUMO transition). Similarly for 1,2,4-
triazine three absorption maxima are observed: 184.5 (HOMO—LUMO+3 transition), 219.0 (HOMO-
1—-LUMO transition) and 403.0 nm (HOMO—LUMO transition). Although three maxima are observed
in both the cases, the observed maxima are both blue and red shifted. However, in case of 1,3,5-triazine,
two absorption maxima at 173.3 (HOMO—LUMO+2 transition) and 271.5 nm (HOMO—LUMO+1
transition) are observed. Thus, position of N-atom plays key role in controlling the absorption spectra of
the chosen molecules, especially of triazines.

In presence of solvent phase (cyclohexane and DMSO), similar results are mostly obtained (cyclohexane
and DMSO) with slight shifts in their absorption maxima, Figure 7 and 8, and Table 6 and 7. In solvent
phase, absorption maxima are red shifted by ~4-5 nm in most cases. Thus, presence of solvent phase exerts
nominal impact on the absorption spectra of the chosen N-heteroarenes
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Figure 7: Absorption spectra (a) pyridine, (b) pyridazine, (¢) Pyrimidine, (d) pyrazine, (e) 1,2,3-
triazine, (f) 1,2,4-triazine and (g) 1,3,5-triazine in cyclohexane
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Table 6. Excitation energies, corresponding wavelength, predominant transitions, and orbital
contribution in cyclohexane

Systems Amax f (oscillator | Orbital FMO Energy (eV)
frequency) contribution
Pyridine 176.0 0.58 0.53 HOMO-2—LUMO+1 | 7.06
226.6 0.05 0.67 HOMO-1-LUMO 5.47
Pyridazine | 175.3 0.59 0.53 HOMO-1-LUMO+1 | 7.07
219.8 0.04 0.61 HOMO-1-LUMO 5.63
Pyrimidine | 172.0 0.30 0.58 HOMO—-LUMO+4 7.20
216.1 0.06 0.62 HOMO-1-LUMO 5.73
Pyrazine 172.7 0.17 0.63 HOMO+1—-LUMO+5 | 7.18
232.8 0.13 0.67 HOMO-1-LUMO 5.31
1,2,3- 170.4 0.32 0.44 HOMO-2—LUMO+1 | 7.27
triazine 191.9 0.04 0.58 HOMO-2—LUMO 6.46
1,2,4- 180.7 0.03 0.70 HOMO—LUMO+3 6.86
triazine 220.9 0.09 0.66 HOMO-1-LUMO 5.61
396.6 0.01 0.71 HOMO—LUMO 3.12
1,3,5- 172.1 0.01 0.70 HOMO-1—-LUMO+2 | 7.20
triazine 269.4 0.02 0.52 HOMO—LUMO+1 4.6
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Figure 8: Absorption spectra (a) pyridine, (b) pyridazine, (¢) Pyrimidine, (d) pyrazine, (e) 1,2,3-
triazine, (f) 1,2,4-triazine and (g) 1,3,5-triazine in DMSO
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Table 7. Excitation energies, corresponding wavelength, predominant transition and orbital

contribution in DMSO

Systems Amax f (oscillator | Orbital FMO Energy
frequency) | contribution (eV)
Pyridine 175.3 0.61 0.51 HOMO-2—LUMO 7.07
226.5 0.06 0.62 HOMO-1-LUMO 5.47
Pyridazine | 175.3 0.52 0.52 HOMO-1-LUMO+1 | 7.07
219.7 0.04 0.60 HOMO-1-LUMO 5.64
Pyrimidine | 170.4 0.45 0.48 HOMO-2—LUMO 7.27
216.2 0.06 0.62 HOMO-1-LUMO 5.73
Pyrazine 172.0 0.07 0.70 HOMO+1-LUMO+3 | 7.20
192.8 0.10 0.64 HOMO-1-LUMO+1 | 6.43
234.0 0.14 0.67 HOMO-1-LUMO 5.30
1,2,3- 170.0 0.41 0.46 HOMO-2—LUMO+1 | 7.29
triazine 194.0 0.07 0.63 HOMO-2—LUMO 6.39
1,2,4- 174.8 0.06 0.70 HOMO—-LUMO+3 7.09
triazine 221.4 0.10 0.66 HOMO-1-LUMO 5.60
1,3,5- 169.8 0.02 0.70 HOMO-1-LUMO+2 | 7.30
triazine 265.0 0.02 0.51 HOMO—-LUMO+1 4.68

4. Conclusion:

In this study, an effort is made to understand the global reactivity of the concerned N-heterocyclic systems
in the light of DFT. It is seen the global reactivity changes with the change in the number and positions
on N-atom in the heterocycles. This is expected to prove handy for synthetic chemist and boost
experimental works on these heterocycles. Aromaticity of these heterocycles varies with the number and
positions on N-atom in the heterocycles. At around 1.0 A from the molecular plane maximum aromaticity
is observed, indicating maximum n-contribution at this distance. Presence of solvent phase has some
impact on the reactivity of the considered 6 membered N-heterocycles. However, aromaticity is
independent of presence of solvent phase. UV-Visible absorption spectra are predominantly within the
UV region with slight red shift in presence of solvents.
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