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In this study, vibrational and electronic transition analysis of phthalazine-1(2H)-one have been presented using
experimental techniques FT-IR, FT-Raman and density functional theory (DFT) calculation. The structural properties of the
molecule in the ground state have been calculated using DFT employing B3LYP/6-311++G(d,p) basis set. Optimized
geometrical parameters have been interpreted and compared with the experimental values. The complete assignments have
been performed on the basis of the experimental data and potential energy distribution (PED) of the vibrational modes. The
calculated HOMO and LUMO energies and energy difference (AEpomo-rumo = — 4.876 eV), confirm that charge transfers
occur within the molecule. The stability of the molecule arising from hyperconjugative interactions and the charge
delocalization has been analyzed using natural bond orbital’s analysis (NBO). The specific heat, Gibb’s free energy, and
entropy of molecule have been calculated as a function of temperature by using statistical mechanics coupled with quantum
chemical calculation. Observed vibrational wave numbers have been compared with calculated values, and found to be in
agreement with experimental results. The study of dielectric properties like dielectric constant at microwave frequency,
static dielectric constant and dielectric constant at optical frequency of Phthalazine-1(2H)-one have been determined. The
dielectric relaxation studies provide information about the molecular structure and intermolecular interaction between

phthalazine-1(2H)-one and alcohol mixture.
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1 Introduction

Phthalazine is a diazanaphthalene with two
adjacent N atoms. Phthalazines are example of
nitrogen hetero-cycles that possess exciting biological
properties’. The numerous studies published on
their applicability in different areas, especially as
drugs’. Phthalazines have been reported to possess,
anticonvulsant’, cardio tonic*, antimicrobial’, antitumor™’,
antihypertensivelo’“, antithrombotic, antidiabetic,
antitrypanosomal'”>. Additionally, phthalazines have
recently been reported to potentially inhibit serotonin
reuptake and are considered anti-depression agents'”.
This compound has wide range of applications as
therapeutic agents. Phthalazine and its derivatives
possessing triazine nucleus have attracted great
attention in recent years due to extensive variety
of biological activity, particularly anticonvulsant
activity. They are used as an intermediate in the
synthesis of antimalarial drugs and its derivatives are
used as antimicrobial agents. Thus, owing to the
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industrial and biological importance extensive
spectroscopic studies on phthalazine were carried out
by recording the FT-IR and FT-Raman spectra
subjecting them to normal coordinate analysis. The
dielectric relaxation studies of the molecule in polar
solvent at different frequencies are expected to give a
better understanding of the nature of molecular
orientation processes .

Literature survey reveals that, to the best of our
knowledge no B3LYP level of calculations, and
dielectric studies for phthalazine-1(2H)-one have been
reported so far. In the present work, the experimental
and theoretical FT-IR and FT-Raman spectra of
phthalazine-1(2H)-one have been studied. The
B3LYP level with 6-311++G (d,p) basis set have been
performed to obtain the ground state optimized
geometries and the vibrational wave numbers of the
different normal modes as well as to predict the
corresponding intensities for the different modes of
the molecule and also to carry out HOMO-LUMO,
polarizability, hyper polarizability, Mullikan’s charge
density and thermodynamical properties for the title
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molecule. Finally, the dielectric properties of the
compound help to provide valuable information for
their applications in medicine and industrial research.
Hydrogen bonds constitute a very interesting class of
intermolecular interactions, which are of extreme
importance in many fields of chemistry and molecular
biology. The dielectric studies of phthalazine-1(2H)-
one was carried out with the solvent ethanol in
different concentration at 303 K.

2 Experimental Details

The crystalline sample of phthalazine-1(2H)-one
was utilized for the FT-IR and FT-Raman spectral
measurement. The FT-IR spectrum of title compound
was recorded at room temperature in the region
4000-400 cm™' at a resolution of +1 cm™ using
BRUKER IFS 66V FT-IR spectrophotometer
equipped with MCT detector, a KBr beam splitter and
globar source were used. The FT-Raman spectrum
was recorded on the same instrument with FRA 106
Raman accessories in the region 3500—100 cm™'. The
Nd:YAG laser operating at 200 mW power with 1064
nm, excitation was used as source. The static
dielectric constant (gy) was measured by LCR meter
supplied by M/s. Wissenschaijftlich Technische,
Werkstatter, Germany. The measurement of dielectric
constant at microwave frequency (¢") and dielectric
loss (¢") were carried out by X-Band microwave
bench and the dielectric constant (e,) at optical
frequency was determined by Abbe’s refractometer
equipped by M/s.Vidyut Yantra, India.

3 Computational Methods

Quantum chemical calculations were carried out by
means of the GAUSSIAN 03W program package'
with Becke3-Lee-Yang-Parr (B3LYP)/DFT functional
method with large 6-311++G(d,p) basis set'>. The
complete vibrational assignments are made with
potential energy distribution (PED) calculation. The
PED was done on a PC with the version V 7.0 — G77

of the MOLVIB program written by Tom Sundius'®"”.

4 Results and Discussion

4.1 Molecular geometry

The optimized molecular structure of phthalazine-
1(2H)-one with numbering scheme of atoms obtained
from Gaussview program'* is shown in Fig. 1. The
optimized structural parameters such as bond lengths,
and bond angles of phthalazine-1(2H)-one molecule
are determined by B3LYP level with 6-311++G(d,p)
as basis set that were compared with -closely

Fig. 1 — Optimized molecular structure of phthalazin-1(2H)-
one.

experimental parameters obtained from the X-ray
diffraction studies and also with phthalazine
compound'® shown in Table 1. The phthalazine-
1(2H)-one is heterocyclic molecule and a resonance
effect is observed in the ring of this molecule. As a
result, C—C bond lengths and C—C—C bond angles in
the two six members are similar as a dimer. In the
benzene ring, C—C bond length is about 1.396 A'®,
our calculation were similar to this value, for example
the optimized bond lengths of C—C in phenyl
ring fall in the range 1.3844-1.4105 A by B3LYP/
6-311++G(d,p) level, show agreement with
experimental data of 1.431 — 1.363 A. The calculated
value of N9-N10 (1.353 A) is nearly correlated with
experimental value (1.365 A). The C—C range are
slightly smaller than the calculated values of
phthalazine, this because of intra-molecular
interaction by the substitution of O atom in the title
molecule. The density functional calculation gives
almost same bond angles. From the theoretical results
of our title molecule, we find that most of the
optimized bond lengths and angles are slightly smaller
as well as longer than the experimental value, this is
due to the fact that the theoretical calculations
belongs to isolated molecule in gaseous phase
and experimental results belongs to molecule in
solid state.

4.2 Molecular electrostatic potentials (MEP)

To predict reactive sites for electrophilic and
nucleophilic attack for the investigated compound,
molecular electrostatic potential (MEP) was calculated
at B3LYP/6-311++G(d,p) optimized geometries.
The strength of the electrostatic potential at the surface
is represented by different colours; red represents
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Table 1 — Optimized geometrical data of Phthalazine-1(2H)-one by DFT/B3LYP/6-311++G(d,p) method.
Parameters  Experimental Calculated bond ~ Phthalazine” Parameters Experimental ~Calculated bond ~ Phthalazine’
bond lengths lengths (DFT/B3LYP/ bond angles (°) angles (DFT/B3LYP/
A) A 611++6(dp) ©) 6-311++G(d,p)
bond lengths (A) bond(z;;lgles
Cl1—O11 1.236 1.221 011—C1—N9 121.06 1133
C1—N9 1.353 1.391 1.31 011—C1—C2 123.59 125.9
Cl1—C2 1.458 1.472 N9—C1—C2 115.34 113.3 115.9
C2—C3 1.392 1.4 1.31 Cc3—C2—C7 120.49 120.4
c2—C7 1.395 1.41 C3—C2—ClI 121.01 120.5
C3—C4 1.370 1.385 1.423 C7—C2—C1 118.50 119.7
C3—H13 0.973 1.083 1.087 C4—C3—C2 119.27 119.7
C4—C5 1.388 1.404 1.414 C4—C3—H13 121.8 121.7 119.9
C4—H14 0.947 1.084 C2—C3—H13 118.9 118.6
C5—C6 1.363 1.384 1.377 C3—C4—C5 120.64 120 124.4
C5—HI15 0.96 1.084 1.084 C3—C4—H14 117.5 120
Co—C7 1.404 1.407 1.415 C5—C4—H14 121.8 119 119.6
C6—HI16 0.942 1.085 1.084 C6—C5—C4 120.76 120 119.6
C7—C8 1.431 1.442 1.377 C6—C5—H15 121.1 119.8 119.3
C8—N10 1.284 1.294 1.31 C4—C5—HI15 118.1 119.7 119.6
C8—H17 0.975 1.085 1.085 C5—C6—C17 119.80 120 120.6
N9—NI10 1.365 1.353 1.366 C5—C6—Hl16 122.7 120.5 120.8
N9—HI12 0.92 1.011 1.088 C7—C6—H16 117.5 119.5 119.3
C2—C7—C6 119.04 119.6 119.6
C2—C7—C8 117.64 118.2
C6—C7—C8 123.32 122.6 120.6
N10—C8—C7 124.93 123.8 124.6
N10—C8—H17 115.4 115.7 115.4
C7—C8—H17 119.7 120.5 120.8
C1—N9—NI10 127.55 128.7 119.5
C8—N10—N9 116.01 116.9 119.5

*Bond length, and bond angles taken from Ref.'®

region of the most electro negative potential, blue
represents region of the most positive electrostatic
potential and green represents region of zero
potential. Potential decreases in the order red < orange
< yellow < green < blue. The MEP surfaces provide
necessary information about the reactive sites. The
electron total density on to which the electrostatic
potential surface has been mapped is shown in Fig. 2.
The negative regions V(r) were related to electrophilic
reactivity, which are covered over the O10, NI11
atoms and the positive one to nucleophilic reactivity,
the region covered over the H atoms of phthalazine-
1(2H)-one molecule. As easily can be seen in Fig. 2, this
figure provides a visual representation of the chemically
active sites and comparative reactivity of atoms'”.

4.3 Frontier molecular orbital’s (FMOs)

The HOMO, LUMO orbitals determine the way of
molecule interacts with other species. The frontier
molecular energy gap helps to characterize the
chemical reactivity and kinetic stability of the

Fig. 2 — MEP map of phthalazine-1(2H)-one.

molecule. A molecule with a small frontier orbital gap
is more polarisable and is generally associated with a
high chemical reactivity, low kinetic stability and is
also termed as soft molecule™.
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The frontier molecular orbitals play an important
role in the electric and optical properties®. The
conjugated molecules are characterized by a small
HOMO-LUMO separation, which is the result of a
significant degree of intramolecular charge transfer
from the end-capping electron acceptor groups
through m—conjugated path”. The 3D plot of the
frontier orbital’s HOMO and LUMO of title molecule
is shown in Fig. 3. The positive phase is red and
negative phase is green (for interpretation of the
reference to colour in the text, the reader is referred to
the web version of the article). The analysis of wave
function indicates that the electron absorption
corresponds to the transition from the ground state to
the first excited state and is mainly described by one.
An electron excitation from the high occupied
molecular orbital is to the lowest unoccupied
molecular orbital (HOMO-LUMO).

Generally, the energy gap between the HOMO and
LUMO (AEHOMO—LUMO = —4.876 CV) 18 lesser, it 1s

HOMO = —6.843 eV

e e AE=-4876eV

uuuuuu

LUMO =-2.054eV

Fig. 3 — Calculated HOMO-LUMO structure of phthalazine-
1(2H)-one.

easier for the electrons of the HOMO (Eyomo = —
6.843 eV) to be excited to LUMO when the energy of
LUMO (Erymo = — 2.054 eV) is low.

The molecular electronegative (MEN) is good
measure of the ability of attracting electrons to the
molecule. The chemical hardness is a measure for
resistance to deformation. It is very important tool to
study the stability of molecular system. Pearson’s
maximum hardness principle (MHP) states that the
minimum energy structure has the maximum hardness
() and has been proved by the literature™. Parr et al.
considered that the E/ measures the second-order energy
change of an electrophile as it is saturated with
electrons™.

It can be seen from the Table 2, that the ionization
potential (/P) and electron affinity (£4) of title
compound are — 6.843 eV and — 2.054 eV. The
minimum electro negativity, electrophilicity index are
—4.445 eV, —2.0256 eV, respectively. The maximum
chemical hardness and chemical potential values —
4876 eV, and 4.445 eV, respectively. This may
conclude that the title molecule has electronegative
value and it is more reactive.

4.4 Natural bond orbital (NBO) analysis

NBO analysis has been performed on the
phthalazine-1(2H)-one molecule at the B3LYP/
6-311++G(d,p) level in order to elucidate, the
intramolecular ~ charge  transfer (ICT) and
delocalization of electron density within the molecule.
The possibilities of electron density (ED)
delocalization predicted between the lone pair donor
atoms such as nN9, nN10, nOl11, oN9-N10 to
antibonding acceptor atoms such as w*C1-Ol1,
n*C8-N10, =n*C1-N9, n*C7-C8, =n*Cl1-C2,
n*C1-N9 of title molecule results intramolecular
charge transfer which are possible and may cause
stabilization of the system. The ICT may increase
the electron density (ED) in lone pair of N9 and

Table 2 — Calculated physico-chemical properties for
Phthalazine-1(2H)-one at B3LYP method.

Parameters Values
HOMO energy (—egomo) —6.843 eV
LUMO energy (—eLumo) —2.054 eV
HOMO-LUMO energy gap in eV —4.876 eV
Tonization potential (IP) —6.843 eV
Electron affinity (EA) —2.054 eV
Electrophilicity index (o) —2.0256 eV
Chemical potential (n) 4.445 eV
Electronegativity (y) — 4445V,
Hardness (1) —4.876 eV
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Table 3 — Second — order perturbation theory analysis of Fock matrix in NBO basis corresponding to the intra-molecular bonds of
phthalazine-1(2H)-one molecule.

Donor (i) ED (i) (e) Acceptor (f) ED (j) (e) “E® (Kmol ™) Ej-Eg; (aw.) ‘Fij (a.u.)

oC1-C2 1.975 c*C6—C7 0.0236 3.12 1.23 0.55

6C1-N9 1.992 6*C3-C3 0.0221 1.55 1.43 0.046

oC1-011 1.991 ¢*C1-C2 0.0617 2.54 1.49 0.056

oC2-C3 1.974 c*C2-C7 0.0299 4.64 1.28 0.069

6C2-C7 1.97 6C2-C3 0.0221 4.13 1.28 0.065

6C3-H13 1.978 cC2-C7 0.0299 43 1.14 0.038

oC4-C5 1.979 oC5-C6 0.2715 3.04 1.31 0.056

oC6-C7 1.979 oC2-C7 0.0229 4.17 1.27 0.065

oC8-H17 1.974 oN9-N10 0.0277 6.41 0.94 0.069

oN9-HI12 1.987 6C8-N10 0.0106 291 1.32 0.055

n N9 1.611 n*C1-011 0.0108 61.71 0.29 0.121
n*C8-N10 0.0106 31.18 0.28 0.088

nNI10 1.938 n*C1-N9 0.0803 9.09 0.87 0.08
n*C7-C8 0.0334 8.84 0.91 0.081

n O11 1.981 n*C1-C2 0.0617 16.32 0.71 0.098
n*C1-N9 0.0803 24.45 0.71 0.119

Ollatoms that weakens the respective bonds such as 08 - —=— Mullikan charges

CI-N9=1.353 A, C7-C8 = 1.431 A, C1-C2 = 1.458 z:' N —®— Natural charges

A, the ED values are observed 0.0803 e, 0.0334 e, and g e

0.0617 e, respectively. Greater the value of E(2), 0.4 . \ e

the more intensive is the interaction between 03 \ \ \?\

electron donors and electron acceptors. Significant zf‘ \ . \ / f" e

contributions for the molecular stabilization E(2) are g N A *

further given by the lone electron pair of nN9 to 0.1 ] Y N \ /

neighboring antibonding orbital of n*C1-O11 and  -02- o \ o |

n*C8-N10 leading to stabilization of 61.71 and 31.18 037 V|

kJ mol ™", respectively. The interaction energy related to 2:: \ |

the resonance in the molecule is electron withdrawing -0.6 \‘\./

from the O11 atom (through n*C1-O11) to LP N9 e -

leads to maximum stabilization energy of 61.71 kJ 588388582ggggfees!

mol™" is shown in Table 3. Hence the phthalazine-

1(2H)-one structure is stabilized by these orbital Fig. 4 — Comparative graph of calculated Mulliken’s and

interactions.

The charge distribution calculated by the
Mulliken” and NBO method for the equilibrium
geometry of title compound are visualized in Fig. 4.
The charge distribution on the molecule has an
important influence on the vibrational spectra. It is
worthy to mention that NBO charges of C1, C2, C3,
C4, C5, Co6, C7, C8, N9, N10, O11 atoms exhibit
negative charges and all hydrogen atoms exhibit
positive charges. The above results show that the
natural atomic charges are more sensitive to the
changes in the molecular structure than Mulliken’s net
charges.

4.5 Molecular docking studies
The X-ray crystal structure of MET-477, GLU-475
was obtained from the protein data bank (PDB).

Natural charges of phthalazine-1(2H)-one.

The compound docked well at the active sites of the
target protein, when compared to the co-crystal ligand
is confirmed by intermolecular bond lengths. The
phthalazine-1(2H)-one molecule and co-crystal ligand
shows comparable interactions with the residues.
The residues MET-477, GLU-475 is interact with
the phthalazine-1(2H)-one molecule at an average
D...A distance of ~1.7 A. Similarly, also in co-crystal
ligand interact with same N-H residues at an
average D...A distance of ~2.3 A, these interactions
visualized in Fig. 5.

4.6 Evaluation of dielectric parameters
According to Higasi®, Average relaxation time t(1)
is described by:
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While the overall dielectric relaxation t(2) is given
by:

ao—a'
T(2)= -

wa e
where “®” the angular frequency a,, a’, a”, a, are
defined by equation:
€0 = €01 T ag2 .. (3)
g'=¢g'taw - (4)
8” — a!! + (,02 . (5)
€0 = €l T Ay .. (6)

in which subscript 1 refers to the pure solvent, 2 to the
solute, subscript 0 refers to the static frequency and o
to the infinite or optical frequency and , is the
weight fraction of the solute.

The experimental data of static dielectric constant
(g9), microwave dielectric constant (€') optical
dielectric constant (g,) and relaxation time (t) of
the compound phthalazine-1(2H)-one in ethanol in

!

Y, \ ;
) \\ GLU-475
17
&
o’
%23

Fig. 5 — Molecular docking structure of phthalazine-1(2H)-one.
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various concentrations at 303 K are shown in Table 4.
The static dielectric constant and optical dielectric
constant increases with the increase in the
concentration of phthalazine-1(2H)-one in the solvent
ethanol. The increase in static dielectric constant in
phthalazine-1(2H)-one suggests that a single volume
effect arises from the solute particles which increase
the ability of the molecule to orient in the applied
field. The relaxation time increases with increasing
solute concentration. The significant increase in
the relaxation time (t) values gives prominent
information about the orientation of dipoles between
the interacting components.

There are large numbers of alcohol molecules
surrounding the phthalazine-1(2H)-one molecule, at
high concentrations of alcohol in the mixtures. These
associative alcohol molecules act as proton donors
enabling hydrogen bonding with the solute molecules.
Thus dipole-dipole interaction occurs between —OH
group of alcohol with C=0 of phthalazine-1(2H)-one.
There is only small number of alcohol-molecule
to enable the dipole-dipole interactions through
hydrogen bonding with the non associative
phthalazine-1(2H)-one molecule, at low concentration
of alcohol mixtures. As a result weak intermolecular
interaction occurs. The increase in concentration of
the solute increases the relaxation time which directly
depends upon the shape and size of the rotating
molecular entities of the solution®*?’.

5 Vibrational Spectral Analysis

The optimized structure of phthalazin-1(2H)-one
were used to compute the vibrational wave numbers
at the DFT (B3LYP)/6-311++G(d,p) level of
calculation. The molecule consists of 17 atoms, and
belongs to C; point group symmetry. Hence the
number of normal mode of vibrations for phthalazin-
1(2H)-one works to 45. Of the 45 normal mode of
vibrations are distributed as 'y, = 31 A' (in-plane) +
14 A"(out-of-plane).

All the 45 fundamental vibrations are active both in
Raman scattering and in IR absorption. The calculated

Table 4 — Values of dielectric constant (€0, €', e0) and relaxation time t (ps) of phthalazine-1(2H)-one in ethanol at 303 K.

g Concentration Static Microwave Optical dielectric
Z ethanol: Phthalazine-  Dielectric  dielectric constant constant (&) Relaxation time (ps) (7)
n 1(2H)-one constant (&) (€") *
o o 1:3 2.8127 2.4685 2.2456 22.89
é '§ g 1:2 2.9671 2.5668 2.2527 23.67
S+ E :%: 1:1 3.1578 2.5943 2.2658 25.02
n E- 2:1 3.2457 2.5618 2.2763 25.85
& 3:1 3.3664 2.5246 2.2821 25.98
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wave numbers are slightly higher than the observed
values. The major factor which is responsible for
these discrepancies is related to the fact that the
experimental values are an anharmonic frequencies
while the calculated values are harmonic frequencies.
While anharmonicity is the main factor of the
discrepancies in the case of vibrations related to the
C-H and C—C in molecule, also in C=0 bond, for
other vibrations most of the discrepancies come
from the approximate nature of the computational
technique used and probably also from the lattice
effects in the substance, studied as a solid.

INDIAN J PURE & APPL PHYS, VOL. 56, OCTOBER 2018

The observed FT-IR and FT-Raman wave
numbers for various modes of vibrations with
PED assignments are also presented in Table 5. In
discussing assignments, for the sake of brevity, only
IR bands are used; where IR bands are not observed
the Raman bands are used. Reference to computed
bands are made in cases where there are no observed
frequencies. Comparison of the wave numbers
calculated at B3LYP level with the experimental
values reveals the overestimation of the calculated
vibrational modes due to neglect of anharmonicity
in real system. Inclusion of certain extent makes the

Table 5 — Comparison of the experimental (FT-IR and FT-Raman) wavenumbers (cm™") and calculated wavenumbers (cm™') of
phthalazine-1(2H)-one calculated by B3LYP method.

Mode Experimental Calculated Reduced mass

numbers  priR  FT-Raman  Frequency W
1 121 6.105
2 154 w 164 4.32
3 222 5.38
4 252 vw 285 6.439
5 304 vw 420 3.249
6 468 4.8
7 475 s 470 6.248
8 490w 490 w 489 8.711
9 562vs 545 w 551 7.03
10 592vs 590 w 598 2.788
11 600s 599 8.321
12 681vs 667 1.9
13 717 1.990
14 720w 724 vs 727 6.416
15 771vs 775 1.66
16 797vs 803 2.853
17 804 6.155
18 862vw 887 1.28
19 879s 911 1.458
20 914s 913 w 924 4.826
21 968ms 990 1.37
22 1019ms 1021's 1017 1.317
23 1044 2.486
24 1064ms 1096 3.45
25 1141 3.685
26 1152vs 1152 1.775
27 1184 1.14
28 1233s 1233 vs 1248 2.005
29 1252s 1268 2.39
30 1313 2.53
31 1347vs 1345 vs 1356 6.692
32 1365w 1396 1.689
33 1440w 1441 vs 1440 1.64
34 1478s 1476 s 1490 2.204
35 1510 2.597
36 1561w 1556 s 1593 5.69
37 1612 s 1640 5.676
38 1651vs 1657 s 1650 6.128
39 1879w 1842 8.41

Force IR Intensity Raman PED (%)
constant (f) (IiR) activity >10%

0.053 1.869 2.989 yCCCC (68), YCCNN(25)
0.0693 0.2711 3.3135 yCCCO(45), YHCCH (35)
0.15 0.07 0.2706 YCCNN(57), yCCCC(26)
0.308 0.438 0.330 yCCNN(45), YHCCH (35)
0.338 2.751 0.393 yCCCC(48), BCCC (37)
0.61 0.03 0.653 yCCCC(67), yYCCNN(26)
0.8148 0.6089 0.294 yCCCC(47), yYHCCH (27)
1.229 5.266 0.154 yCCCN (58), yCCCO(32)
1.26 9.99 0.0855 YHCCC (41), BCCC (38)
0.587 0.002 0.659 yCCCH (69), BCCO(25)
1.757 2473 0.723 YHCCH (55), BCHN (39)
0.4 14.45 1.2 YHCCH (57), BCCO(32)
0.604 121.96 7.96 yCCCH (55), BCHN (26)
1.999 2.801 1.917 yCHNO (45), yYCCCH (35)
0.59 32.16 3.417 BCNN(47), BCCC (37)

1.085 4.945 0.883 BCCC (57)+ CC Ring
breathing
2.347 22.349 0.525 BCCC (57), yCCCC(27)
0.59 7.97 5.551 BCCC (57), yCHNO (32)
0.713 7.892 11.066 BCCC (61), yYHCCH (35)
2.431 23.583 0.470 BCCN (57), BCCC(36)
0.79 2.02 1.879 BCCO(58), YHCCC (25)
0.803 0.1253 0.735 BCCH (69), vCCC (26)
1.598 6.683 0.453 BCCH (69), vCCC (28)
2.44 12.43 15.942 VNN (62), BCCH(34)
2.8276 32.229 5.784 BCCH (67), BCHN (25)
1.39 33.13 0.664 BCCH (64), BCHN (27)
0.94 4.17 0.838 BCCH(57), VNN (31)
1.842 12.571 6.063 BCCN (59), vOC(29)
2.264 7.796 24318 BCHN (58), vCCC(32)
2.57 29.46 8.926 BCCC(62), yYCHNO (35)
7.257 30.555 32.317 VNC(57), vCC(37)
1.942 12.367 36.441 vCC (71)

2 3.08 26.15 vCC(68), BCCH (29)
2.886 3.995 11.899 vCC(65), BCCN (34)
3.491 3.183 61.396 vCC(59), vNC (30)

8.5 0.64 62.717 vCC(67), BCCH (26)
8.998 6.151 47.329 vCC(55), BCCH (32)
9.831 13.776 133.428 vCN(68), vCCC(27)
15.05 516.7 16.977 vOC(74)

(Contd.)




NATARAI et al.: MOLECULAR STRUCTURE AND VIBRATIONAL SPECTRA OF PHTHALAZINE-1(2H)-ONE

809

Table 5 — Comparison of the experimental (FT-IR and FT-Raman) wavenumbers (cm ') and calculated wavenumbers (cm ") of
phthalazine-1(2H)-one calculated by B3LYP method. (Contd.)

Mode Experimental Calculated Reduced mass
numbers FTIR FT-Raman Frequency (W)
40 2943s 3010 1.086
41 3029s 3064 vs 3035 1.091
42 3103s 3115 1.09
43 3161vs 3170 1.094
44 3286vw 3295 1.095
45 3466ms 3488 1.07

Force IR Intensity Raman PED (%)
constant (f) () activity >10%

6.424 0.556 69.77 vss CH(97)
6.478 3.088 38.856 vss CH(92)
6.49 12.62 90.9543 Vas CH(89)
6.562 9.84 89.235 vas CH(97)
6.62 4.892 62.719 Vas CH(92)
8.24 81.4 96.458 v NH (100)

Note: v: stretching; B: in-plane bending; y: out-plane bending; v: symmetrical stretching; v,,: asymmetrical stretching; PED: Potential
Energy Distribution; s: strong; vs: very strong; w: weak; vw: very weak
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Fig. 6 — (a) Observed and (b) calculated FT-IR spectrum of phthalazine-1(2H)-one.

wave number values higher in comparison to the
experimental wave number data. Reduction in the
computed harmonic vibrational wave numbers,
though basis set sensitive are only marginal as
in the DFT values using 6-311++G(d,p). For visual
comparison, the observed and simulated FT-IR and
FT-Raman spectra of the molecule are presented in
Figs 6 (a,b) and 7(a,b), which help to understand the
observed spectral features.

5.1 C-H vibrations

In the present study, the five adjacent hydrogen
atoms left around the title molecule give rise to five
C—H stretching modes (v44 - v40), five C—H in-plane
bending(v22, v23, v25- v27) and five C—H out-of-
plane bending (vI3 — v9) modes. The heteroaromatic
organic molecule shows the presence of the C—H
stretching vibrations in the 3000 — 3100 cm ™' range
which is the characteristic region for the identification
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Fig. 7 — (a) Observed and (b) calculated FT-Raman spectrum of phthalazine-1(2H)-one.

of C—H stretching vibrations™. Accordingly, the C—H
stretching modes of title molecule are assigned to
3286, 3161, 3103, 3029, and 2943 cm' in FT-IR and
very strong band observed at 3064 cm™' in FT-Raman
spectrum. These modes are calculated from 3295 to
3010 cm™' for the compound. They are pure modes
since their PED contributions are almost 100%.
In hetero-aromatic compound, the C-H in-plane and
out-plane bending vibrations appear in the range
1000 — 1300 cm ™" and 750 — 1000 cm ' respectively”” *.
Hence the C—H in-plane bending modes are assigned
to 1152, 1064, 1019 cm™' in FT-IR, these peaks are
appeared from very strong to medium intense and
1021 cm ™' in FT-Raman. The calculated values of this
mode are 1152, 1141, 1096, 1044, 1017 cm ' which
show better agreement with FT-IR experimental
values. The C—H out-of-plane bending vibrations are
attributed to 681, 600, 592, 562 cm ' in FT-IR, FT-
Raman band of above said vibration observed weak
intense at 590, and 540 cm . In the present study,
the theoretical values of C—H out-of-plane bending

modes show good agreement with the experimental
values as well as with that of similar kind of
molecule®’. The PED contribution to these modes
indicates that, C—H out-of-plane bending modes are
mixed mode and these were presented in Table 5.
5.2 CCC vibrations

In case of phthalazine-1(2H)-one ring possesses six
ring carbon-carbon stretching vibrations in the region
1460 — 1660 cm ' and 1070 — 1150 cm . As revealed
by PED, the ring C—C stretching modes are observed
at 1561, 1478, 1440, 1365 cm ' in FT-IR and 1612,
1556, 1476, 1441 cm' in FT-Raman. The in-plane
and out-of-plane bending vibrations are generally
observed below 1000 cm ' and these modes are not
pure but contain a significant contribution from other
modes due to substituent-sensitive’’. In the title
molecule, ring in-plane bending mode are observed at
879, 862, 797 cm ' in FT-IR and out-plane bending
mode observed at 475, 304 cm ' in FT-Raman.
The calculated bands at 470, 468, 420, 285, 121 cm™!
are assigned to out-of-plane bending vibrations. The



NATARAI et al.: MOLECULAR STRUCTURE AND VIBRATIONAL SPECTRA OF PHTHALAZINE-1(2H)-ONE 811

peak for these modes is not observed in FT-IR
spectrum since these modes are possible to appear
only in far IR spectrum. The theoretical wave
numbers corresponding to ring vibrations are found to
have a good correlation with the experimental
observations.

5.3 C—N, N—N, and C=0 vibrations

The C—N Stretching vibration is difficult to
identifying in other group vibrations. The C-N
stretching absorption for title compound is identified
in the region 1382 — 1266 cm™'. In the present work,
the C—N stretching vibrations are observed at 1347
and 1345 cm ™' in FT-IR and FT-Raman, respectively.
All the bands lie in the expected range when
compared to the literature®>*’. Consequently, the C—N
in-plane and out-of-plane vibrations assigned at
771 cm ' in IR. These assignments are validated by
the literature®**. The identification of C—N vibration
is a difficult one; it falls in a complicated region of the
vibrational spectrum. However, with the help of
force field calculations, the C—N vibrations were well
identified and assigned in this study.

The experimentally observed band at 1093 cm ' is
assigned as N—N stretching vibration for Phthalazine
derivatives®®. In our present case, N—N stretching mode
observed medium intensity at 1064 cm™' in FT-IR. The
same modes calculated theoretically at 1096 cm™' were
show good agreement nearly with experimental value.

Generally C=0 group vibrations are observed with
very strong intensity in the region®’ 1800 — 1700 cm .
In our title molecule shows very strong intense IR
band at 1879 cm ' assigned to C=O stretching
vibration, theoretically calculated band at 1842 cm™
agree with the expected value. The C=0 in-plane and
out-of-plane bending vibrations are observed at 968
cm ' in FT-IR due to the spectral limit we did not get
out-of-plane mode in the IR. The out-of-plane mode
observed at 154 cm ™' in Raman. The calculated wave
number is 164 cm™.

6 First Hyperpolarizability Calculation

The electric dipole moments () and the first
hyperpolarizability () tensor components are
calculated by DFT/B3LYP/6-311++G(d,p) basis
function of the compound so that the relativistic effect
of heavy atoms on 3 were taken into account. All p
and [ calculations were performed using GAUSSIAN
03W. Those values of Gaussian output are in atomic
units (a.u.) so they have been converted into
electrostatic units (esu) (o; 1 a.u. =0.1482 x 10 esu,

B: 1 a.u. = 8.6393 x 107> esu). It is well known that
the higher values of dipole moment, molecular
polarizability, and hyperpolarizability are important
for more active NLO properties. The calculated
dipole moment is 3.812 Debye. The highest value
of dipole moment is observed for component p.
In this direction, this value is — 2.2488 D. The
calculated polarizability o; have non-zero values and
was dominated by the diagonal components. Total
polarizability (oyy) calculated as 14.635 x 10** esu.
The first hyperpolarizability value B is equal to
0213 x 107" esu. These values are presented in
Table 6. The hyperpolarizability B dominated by the
components of Py,. Domination of particular
component indicates on a substantial delocalization of
charges in this direction of title compound. The first
hyperpolarizability ~value (B) responsible for
m—electron cloud movement from donor to acceptor
which makes the molecule highly polarized and the
intramolecular charge transfer possible.

7 Thermodynamic Properties

The thermodynamic functions viz, heat capacity at
constant pressure (C,), Gibb’s free energies (G,,), and
entropies (S) for the title compound were evaluated
from the theoretical harmonic frequencies obtained
from B3LYP/6-311++G(d,p) method in the temperature

Table 6 — The electric dipole moment p (D) the average
polarizability o, (x107>* esu) and the first hyperpolarizability
Bioe (107! esu) of phthalazine-1(2H)-one.

Parameter Value Parameter Value
My -3.0789 Pxxx 0.3547
Ky -2.2488 Bxxy 2.686
Mz 0 Bxyy -29.3649
HTotal 3.812 Byyy -17.0632
Oy —56.755 Bxxz 0.0004
Olyy —66.398 Bxyz 0
0y —65.933 Byyz -0.0001
o —63.0287 Bxzz 8.9251
Olgo; (ESU1) 14.635 x 107 Byzz 2.7466
Bzzz 0.0001
Byt (e5U) 0.213 x 100
Table 7 — The calculated thermodynamic parameters of
phthalazine-1(2H)-one by various temperature.
Temperature Specific heat ~ Gibb’s free Entropy (S)
(K) capacity (C,)  energy (Gp)
200 7.218797 —3.7037 10.922
300 17.436 -9.7977 27.234
400 32.716 —19.5231 52.2398
500 52.9378 —33.1933 86.131
600 77.745 —50.9632 120.708
700 106.71 —72.8744 179.585
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Fig. 8 — Calculated thermodynamical parameter of phthalazine-
1(2H)-one.

range 200—700 K and listed in Table 7. From Table 7,
it can be observed that these thermodynamic
parameters (specific heat (C,), and entropy (S))
increase with rise of temperature due to the fact that
the molecular vibrational intensities increase with
temperature™. The temperature dependence correlation
graphs are shown in Fig.8.

8 Conclusions

In this study, we computed vibrational spectra of
phthalazine-1(2H)-one using B3LYP/6-311++G(d,p)
method. Any discrepancy noted between the observed
and the calculated frequencies may be due to the fact
that the calculations have been actually done on a
single molecule in the gaseous state contrary to the
experimental values recorded in the solid state.
Molecular geometry parameters calculated by DFT
agree with the experimental values of same molecule
and also similar molecule. Information about the size,
shape, charge density distribution and site of chemical
reactivity of the molecule has been obtained by
mapping electron density isosurface with MEP. The
lowering of the HOMO - LUMO energy gap value
has substantial influence on the intramolecular charge
transfer (ICT) and bioactivity of the molecule. FT-IR
and Raman spectra were recorded and the vibrational
bands were assigned on the basis of the PED
calculation. We have concentrated in the structural
activity, the description of the molecular docking and
MEP surfaces shows same active region in the
molecule. Finally, the dipole moment and first
hyperpolarizability values may confirm the presence
of ICT within the molecule. The charge delocalization
and stabilization energies between the lone pair and
antibonding orbital’s confirm the ICT within the

molecule. The dielectric relaxation studies show
the existence of molecular interactions between
phthalazine-1(2H)-one and alcohol mixture. The
increase in concentration of the solute increases the
relaxation time which directly depends upon the shape
and size of the rotating molecular entities of the
solution. The correlation between the statistical
thermodynamics and temperature are also obtained. It
is seen that the heat capacity (C,), and entropy (S)
increase with the increasing of temperature owing to
the intensities of the molecular vibrations increase
with increasing temperature.
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