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ABSTRACT

The structural and vibrational properties of 6-(2-(2,4-dinitrophenylhydrazano)-tetrahydro-2-
thioxopyrimidin-4(1H)-one (3) prepared by condensation of synthesized thiobarbituric acid (1) with
2,4-dinitrophenylhydrazine (2) were studied using experimental FT-IR, FT-Raman, NMR spectra and
theoretical calculations based on the density functional method were the simulated spectra coincides
with experimental spectra. By means of HOMO-LUMO analysis charge transfer and stability of the
molecule is analyzed. The stability of the molecule arising from hyper-conjugative interaction and
charge delocalization has been analyzed using NBO analysis. Molecular electrostatic Potential
was performed by B3LYP/6-31G (d, p) method. The atomic charge calculated by NBO is compared
with Mulliken net charge. First hyperpolarizability is calculated in order to find its role in non-linear
optics. Thermodynamical parameters entropy, enthalpy and heat capacities are calculated according

to temperature changes involved.

Keywords: DNPHTTO (3); FT-IR; FT-Raman; NBO; HOMO-LUMO; B3LYP.

INTRODUCTION

In organic materials, hydrazones and its
derivatives attracted attention due to crystallizing
nature of asymmetric structure and flexibility that
offer modification of non-linear properties. The
nonlinear optical properties were investigated
using nanosecond and femto second laser pulses’.
Nonlinearities in hydrazones finds its potential

application in all optical switching, data processing
and eye and sensor protection2. Non - Analytical
applications of their complexes are used in making
rubber, as photographic materials, as dyes for wool
and in industry®*. In synthetic chemistry they are
used as indicators, photo-thermochromic, sterilizers
in houseflies and precursors®. Jiang discussed
some of the analytical applications like transition
metal binders®. Some of the important industrial
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applications were discussed by Sheldrick and John
such as plasticizers, stabilizers for polymers as
polymerization initiators, catalytic processes, and in
waste water treatment’®.

Literature survey reveals that quantum
calculations for title compound have not yet been
reported so far. The main objective is to give a
complete description about molecular geometry
and molecular vibrations of title compound. For that
purpose, quantum chemical computations were
carried out on 6-(2-(2, 4-Dinitrophenyl hydrazano)
— Tetrahydro — 2 — Thioxopyrimidin — 4 (1H) — One
(3) using Density Functional Theory (DFT) and Total
Energy Distribution has been observed. In addition,
natural bonding orbitals analysis was also carried out
in order to study any intra molecular charge transfer
within the molecule.

EXPERIMENTAL

Synthesis of Thiobarbituric acid

About 6g (0.25mol) of sodium metal is
dissolved in 200 mL of ethanol. To this solution 15g
(0.25mol) of thiourea and 40 mL of diethyl malonate
is added. The reaction mixture is refluxed for 6 hrs
in an oil bath and then vacuum distillated to make
ethanol recovery. The clear solution thus obtained is
filtered, cooled in ice bath overnight and the resulting
solution is acidified with HCI. The crude product
obtained is collected, washed with 50 mL water and
dried in oven at 105°C-110C for nearly 4 hrs. The
obtained compound Thiobarbituric acid (TBA) is
purified by recrystallization with ethanol and their
respective melting point is about 243C with 80%
yield is obtained.

Synthesis of 6-(2-(2, 4-Dinitrophenyl hydrazano) —
Tetrahydro — 2 — Thioxopyrimidin — 4 (1H) — One

Equimolar amount of thiobarbituric acid
2.44g (0.1mol) and 2,4-dinitrophenyl hydrazine
2.08g (0.1mol) are dissolved separately with 20 mL
of ethanol, both the contents are mixed well until we
gets a clear solution, then it is refluxed constantly for
4 hours and allowed to stand overnight. The product
precipitated is separated by filtration, washed with
ethanol, and air dried. The dark reddish coloured
powder product obtained is recrystallized for further
purification and the melting point is found to be
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180°C, with yield of about 67%. The schematic
reaction and mechanism are shown in scheme 1
and scheme 2.

RESULTS AND DISCUSSION

Structural determination by '"H NMR and *C NMR
spectra
6-(2- (2,4 -Dinitrophenyl) Hydrazono)-Tetrahydro-
2-Thioxopyrimidin-4(1H)-One

The 'H NMR spectrum of DNPHTTO was
recorded in DMSO-d® solvent. There is a singlet at
& 1.321 ppm integrated to 2H which should be the
CH, methylene proton. The NH protons exhibited
two characteristic Broad singlets at & 11.087 ppm
and 8.775 ppm are assigned to NH of thioamide
and amide in thiobarbituric acid. A medium peak at
4 8.541 ppm is the characteristic NH peak attached
to aromatic ring. The signals of aromatic CH protons
are observed as a multiplet at & 7.25-7.30, 7.42, 7.55
ppm respectievely.

The *C NMR spectra of DNPHTTO (DMSO-
d®) are assigned as follows where the aromatic
carbon shows signals at & 150, 144.54, 131.97 ppm.
The C=N hydrazone linkage is observed at 8 168.38
ppm, where the C-N Phenyl linkage is assigned
at & 163.20 ppm. The CH, (methylene) carbon is
assigned at & 71.84 ppm, the blue shift is observed
due to the substitution of phenyl ring where intra-
molecular interaction and conjugation of lone pair of
electrons between two rings occurs. The C=0 and
C=S functional group are observed at 172.67 ppm
and 175.67 ppm.

Computational Chemistry

Molecular electronic structure has arrived
an enormous amount of awareness by chemists
and has become a key stone of modern chemical
research. Theoretical calculations are used to
optimized the geometry and vibrational wavenumbers
with the Gaussian 03 program package using DFT
(B3LYP/6-31G (d, p) basis sets. The assignments
have been made on the basis of the corresponding
PED analysis using Vibrational Energy distribution
Analysis VEDA program [9-10]. To improve the
agreement between the predicted and observed
frequencies, the unscaled frequencies obtained are
usually scaled for comparison.
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Molecular Geometry

The optimized structure parameters of
DNPHTTO calculated by B3LYP ab initio (B3LYP/6-
31 G(d,p) basis set are listed in Table S1(BOND
PARAMETERS OF DNPHTTO). In this step, all the
calculations were performed using Gaussian03w
program package'' with the default convergence
criteria without any constraint on the geometry'2.

The title molecule Fig 1 shows variation in
bond distance and bond length due to substituents
attached to it. From the theoretical results, the
aromatic ring is distorted from regular hexagon
due to steric effect of the —-NO, group. The N-O
bond distance at C, and C, position are 1.2308 A°,
1.2322 A° 1.2256 A°® whereas the N, -O,, bond
distance is slighty higher compared with other N-O
values may be due to the substitution of C=N at
the neighbouring atom C_. C=0 bond distance is
observed at 1.266 A° in literature'® were in our title
compound the C,,=0,, bond distance is observed
at 1.2113 A°. Theoretically predicted bond lengths
of functional groups C-H, N-H are long. Generally
the C-N bond is observed at 1.47 A° and C=N bond
length is observed at 1.33 A%, where the C-N values
are higher than C=N bond length'. The C-N bond
length of phenyl ring is computed at 1.3645 A°,
1.4538 A%, 1.3645 A°for C,-N,, C-N,,, C.-N, and for
C-N of thiobarbituricring the C,,-N,,, C,,-N,,, C,,-N,;
C,,-N,, is observed at 1.3958 A°, 1.3794 A°, 1.3777
A° 1.394 A°. Further, the phenyl ring C-N is higher
than thiobarbituric ring C-N may be due to resonating
structure of phenyl ring when compared with the
heterocyclic ring. The hydrazone formation of our
compound C,=N,_bond angle is observed at 1.3645
A5, The C-C and C-C-C bands in the six membered
rings are similar to the benzene molecule. The
C-C and C-H bond lengths of DNPHTTO are found
coincide with literature'®2°. The DFT calculations
give shortening of the angles at C,-C,-C, by 2.7°,
C,-C,-C, by 0.7°, C,-C,-C, by 0.3° and enlargement
inangles at C,-C,-C,, C,-C.-C by 1.1°and C,-C,-C_
by 1.2° from normal angle 120° for benzene, which
reveals that the substitution of NO, group at C, and
C, position causes this distortion. And for N,-C, -N_
and N, -C,-C, are calculated at 125° and 119° at
C,, position the difference observed may be due to
the presence of lone pair of electrons at N, position
and active hydrogen at C, position. The bond angles
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of the NO, group of the title compound O,,-N..-O,,
(122°),0,,-N,-0,, (124°), O,.-N. -C, (118°), O, N, -
C, (117°) are in agreement with the value 123.5°,
118.7°, 117.9%" also for N,-N, =C,., N_,-C,.=S,,
N,,-C,,=0,, the trihedral angles are reported at 117°,
1220, 123°.

Vibrational Assignment

The fundamental vibrations of a non-linear
molecule consists of N atoms equal to (3N-6),
apart from three traslational and three rotational
degrees of freedom??23, Table S2_(VIBRATIONAL
ASSIGNMENTS OF DNPHTTO) present the
calculated vibrational frequencies and experimental
values. The DNPHTTO molecules have 30 atoms
with 84 normal vibrations which are distributed
among the molecule considering Cs symmetry. All
the 84 modes of vibrations are distributed as 29
stretching, 55 bending (in-planes, torsional and out
of plane) vibrations in the infrared spectrum. The
Cs structure was the lowest in energy at all levels.
Therefore, we calculated the Cs symmetry of the
molecule. The vibrational assignments are made by
illustration of modes animated using the Gauss view
program and are also justified with the help of TED
analysis. The combined IR and Raman vibrational
spectra of DNPHTTO are shown in Fig 2.

Methylene vibration

The CH, group has 6 vibrational modes
asymmetrical stretching, symmetrical stretching,
scissoring, wagging, twisting, rocking. The
asymmetrical stretching of methylene groups
v,. CH,, symmetric v.CH,, scissoring 6 CH,,
wagging vibration @ CH, appear in the range
2980-3020, 2875-2925, 1430-1450, 1315-1365
cm' respectievely?*?5. In our title compound the
CH, stretching modes are observed at for the title
compound, the CH, stretching modes (asymmetric
and symmetric modes) are observed at 2924 cm™'
in IR spectrum and 3086 cm™ in Raman spectrum
respectively and the symmetric mode is detected at
2835 cm™in IR and 2972 cm™ in Raman spectrum
and they well coincides with the scaled wave numbers
3043cm™, 2917 cm™ with mode nos.77, 78 (TED =
96%) respectievely. The CH, scissoring modes are
observed at 1409 cm™ in Raman Spectrum which
agrees well with scaled wave nos. 1409 cm™ with
TED of about 86% (mode no. 67).
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Aromatic Ring Vibration

The aromatic ring vibrational modes of title
compound are analyzed with the help of previously
published vibrations of the benzene molecule which is
helpful in the identification of the phenyl ring modes?.
The ring stretching vibrations are very prominent,
as the double bond is in conjugation. Benzene ring
possesses six ring stretching vibrations, of which
the four with the highest wavenumbers (occurring
near 1600, 1580, 1490 and 1440 cm™) are good
group vibrations. With heavy substituent, the bands
tend to shift to somewhat lower wavenumbers.
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In aromatic ring compound, the C-H stretching
vibrations are usually observed below 3000cm-"27-28,
In our title compound the CH stretching vibration is
experimentally observed at 3118 cm™ in FT-IR and
3268 cm™ in FT-Raman at an intensity of 96% in TED
with respective (mode no.81) and the experimental
values are well coincides with the theoretical scaled
value at 3144 cm™' obtained by 6-31G(d,p) method.

C=S vibration
The C=S group is less polar than the
C=0 group and has a considerably weak band.

COOC,H
2 HZN\ Ethanol/reflux 6hrs
H,C + cC—S — — — —
Acidified HCI
COOC,Hs HoN }—
Diethyl malonat i
1ethyl malonate Thiourea Thiobarbituric acid (1)
ethanol/Hel N_NHZ
reflux 4hrs
(2,4-dinitrophenyl)hydrazine) (2)
Y
ON

6-(2-(2,4-dinitrophenyl)hydrazono)-Z-thioxotetrahydropyrimidin-4(lH )-one

(3)

Scheme 1: synthesis of DNPHTTO by substitution-elimination reaction
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Compound that contains a thiocarbonyl groups,
which shows absorption in the region 1250-1020
cm”20, In our present study, the C=S stretching
frequency is observed in the region 1122 cm
and 1124 cm™ in IR and FT-Raman spectra. The
above experimental values are well coincides with
the scaled theoretical value 1125 cm™ obtained by
B3LYP method.

C=0 vibration

The interaction of carbonyl group with
neighbouring atoms did not creates a characteristics
changes in C=0 stretching frequency as did by N-H
stretch. The C=0 bond is formed by n—r interaction
and due to different electro-negativities the bonding

N
H
o
(_H20
P
HN /<\"
o =
s NH
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electrons are not equally distributed between the two
atoms. The lone pair of electrons on oxygen also
determines the nature of the carbonyl group. The
position of C=0 stretching vibration is very sensitive
to various factors such as physical state, electronic
effects by substituents, ring strains®*3! etc. Normally
C=0 stretching vibrations is observed at 1850-
1600 cm™'%2, In our present study the wavenumbers
observed at 1653 cm™ in Raman are assigned to
C=0 stretching vibrations and it agrees with the
computed values 1767 cm™.

C=N vibration

The C=N stretching vibrational bands often
mix with C=C vibrational bands and identification

O N
> g.?—i—H20+
/
HN c
/
NH

H;0"/ H,O H,O
—_—
y A
[} HN
NO»

NO,

H50"

7\
NO, }—NH N\H
s HN
o NO,
H,O
o .
7 D 1.
4
HN C H
/S SN H
NH s N o
NH Y
s
_H.O% HN
O2N 3 \<|3|
_
N
\
NH
OLN
NO>
NO»

Scheme 2: Mechanism of the formation of DNPHTTO by substitution-elimination reaction
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of such bands is too weak unless there are other
substituent groups, thus the reliability of C=N
assignment in IR spectrum is difficult; however there
is a strong absorption band in Raman Spectrum.
For this reason Raman Spectroscopy is often taken
as reliable method to analyze C=N vibrations. From
the literature, the C=N stretching vibration fall in
the range 1535-1666 cm'33%, The C=N stretching
mode was experimentally observed at 1421.54 cm
in IR and 1427cm' in Raman in our present study
for mode no.68 with TED (26 %) and the values are
in good agreement with the scaled wave nos. 1430
cm.

NO, vibration

The characteristic group frequencies
of the nitro group are relatively independent of
the rest of the molecule which makes this group
convenient to identify. For the assignments of NO,
group frequencies basically six fundamentals can
be associated to each NO, groups namely, NO,
symmetric stretching, NO, Asymmetric stretching,
Scissoring, rocking (In plane vibrations). In addition
to NO, wagging, twisting modes of NO, group
would be expected to be depolarized for out of
plane symmetry species. The NO, asymmetric
stretching vibration band range is 1625-1540 cm™,
and symmetric stretching vibration® is 1400-1360
cm™. The NO, asymmetric stretching vibration is
experimentally observed in the range 1593 cm™in IR
and 1600 cm™ in Raman is assigned to asymmetric
stretching vibration. The band established at 1292
cm™ in IR and 1322 cm™in Raman is assigned
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R=0.99934
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Fig. 3: Correlation graph of Theoretical
value Vs Experimental value of DNPHTTO
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to symmetric stretching vibration coincides with
theoretical wavenumber 1336 cm™ and 1303 cm-'
(mode no. 62 (31%) & 60 (17 %)). Further Aromatic
Nitro Compounds have a band of weak to medium
intensity in the region 590-500 cm™ due to in plane
deformation mode of the NO, group. Probably in our
title compound the respective peak is observed at
812cmin IR and at 805cm in Raman spectra with
TED (32%) and mode no.40 and it coincides well
with the scaled values 810cm-'.

N-H vibration

In heterocyclic compounds, the N-H
stretching vibrations generally occur in the region
3500-3000 cm'%, The position of absorption in
this region depends upon the degree of hydrogen
bonding, and hence upon the physical state of
the sample. The spectral lines assigned to N-H
stretching vibrations have shifted to higher region
in the present system. It clearly indicates that the
stretching of N-H bond upon protonation has shifted
the frequency to a higher region. In our title molecule,
the N-H stretching vibration is predicted at 3292 cm-'
in IR and 3320 cm™ in Raman by B3LYP / 6-31G
(d, p) method which matches with the scaled wave
numbers 3300 cm™ with TED (82%) and respective
mode at 82.

In order to investigate the performance and
vibrational wavenumbers of the title compound root
mean square value (RMS) and correlation coefficient
between calculated and observed wavenumbers
were calculated and correlation graph is represented
in Fig 3.

1

! axp
RMS = | T 200 — v )

(1)

RMS values of wavenumbers were
evaluated using the following expression®. The

Fig. 4: Molecular Electrostatic Potential
Diagram of DNPHTTO
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RMS error of the observed IR and Raman bands
are found to be 18.8, 12.67 for DFT method. The
small difference is observed since experimental
vibrational modes are calculated in solid phase and
Scaled vibrational modes are calculated in gaseous
phase.

Non-linear optical properties
The significance of the polarizability and the
first hyperpolarizability of molecular systems depend

on interaction between acceptor and the donor
groups, since it is the base to intramolecular charge
transfer®, The charge transfers through single-
double bond conjugated path induce large variations
in dipole moment and molecular polarizability
whereas it is strong at IR and Raman activity.
Hydrogen bond interactions enhance molecular
hyperpolarizability. Dipole moment (i), polarizability
(&), hyperpolarizability (&) calculated were 1.9252
Debye, 5.3048 x10*esu and 24.2991 x10%%su (&

e
=

P
v

Muolur extinction coolTicient (log =)
e
=

Table 1: Global and chemical parameters of DNPHTTO

Global And Chemical Symbols Values (eV)
Reactivity Descriptors

ENERGY OF HOMO E,omo -6.6405
ENERGY OF HOMO-1 E, omo-1 -6.8974
ENERGY OF LUMO E.uvo -3.1513
ENERGY OFLUMO+1 = -2.7657
FIRST ENERGY Gap AE = HOMO-LUMO -3.4892
SECOND ENERGY GAP AE = HOMO-1 - LUMO+1  -4.1317
| (IONIZATION ENERGY) “Eomo 6.6405
E, (Electron affinity ) “E o 3.1513
n (Hardness) (I-A)/2 1.7447
p (Chemical Potential) -(1+A)/2 -4.8961
S (softness) 1m 0.5732
® (Electrophilicity Index) p2/2n 6.8699
%, (Electronegativity) 1/2 (I + Ea) 4.8961

362.78

I

394.34

412.51

[=] [=]

[=]

Molar Extinction Coefficent(log =)

150

360 370 380 390 400 410 420 ¢
Wavelength (nm)

Wavd erglitrm)

Fig. 7: Theoretical (7a) and experimental (7b) UV spectra of the synthesized DNPHTTO compound
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value obtained is 14 times higher than the standard
4, value of urea) Table S3 (NLO PARAMETRS OF
DNPHTTO).

Electron Density and the Electrostatic Potential
Surface

The molecular electrostatic potential surface
(MESP) is a method of mapping electrostatic potential
onto the iso-electron density surface simultaneously
displays molecular shape, size and charge of
molecules in three dimensional representations
[39]. Molecular interaction is discussed to find the
reactive site of the molecule. In MEP the Hydrogen
atom are represented by blue region. The molecular
electrostatic potential (MEP) at a point r around a
molecule is expressed as

Vi =xzA |RA-r|-lp) |r ..@

Z, - charge on nucleus A, V(r) - the resultant
at each pointr,

The first and second terms represent the
contributions to the potential due to nuclei and
electrons, respectively. The total electron density and
MESP surfaces of the molecules under investigation
are constructed by using B3LYP/6-31G (d, p) method.
The electrostatic potential increases in the order
red<orange<yellow<green<blue. where the colour
scheme of MESP in the negative electrostatic
potentials are shown in red, the intensity of which

KALAIARASI & MANIVARMAN , Orient. J. Chem., Vol. 33(1), 304-317 (2017)

is proportional to the absolute value of the potential
energy, and positive electrostatic potentials are
shown in blue while Green indicates surface areas
where the potentials are close to zero. Fig 4 shows
the molecular electrostatic potential surface of
DNPHTTO.

Local negative electrostatic potential
(red) signal indicates in the O,  and N,, atoms
whereas local positive electrostatic potentials (blue)
signal indicates in the H18 of hydrazone linkage and
thiobarbituric ring. Green areas cover parts of the
molecule where electrostatic potentials are close
to zero (C—C bonds) of phenyl ring. GAUSSVIEW
visualization program has been utilized to construct
the MESP surface.

Frontier Molecular Orbital Analysis

Frontier molecular orbital explains about
energy transfer in the molecule. Energy of the
HOMO is directly related to the ionization potential,
LUMO is directly related to the electron affinity. The
difference in energy between transition levels is
called as energy gap, which is responsible for the
stability of the structures [40-41]. The HOMO — LUMO
energy gap of DNPHTTO is about -3.4892 eV and
HOMO-1 to LUMO+1energy gap is -4.1317 eV and
represented diagrammatically Fig 5. The energy
values of each transition levels are tabulated as
Table S4 (HOMO-LUMO table of DNPHTTO). The
Density spectrums of DNPHTTO Fig 6 were obtained

any - - ™~ -
£ g
= 30 - -
i . - s
L 2m0 4 - Cp
& ddH
200 =
% 150 -
E 100 -
=
E =]
L L] - - - L [
IE & & ki - - 2
1] - T T T T T
o] 200 A0 800 ] 1000
Tampearature

Fig. 8: Thermodynamic plot diagram of title compound DNPHTTO using
Temperature Vs (Entropy Vs constant pressure Vs Enthalpy)
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by occupied and virtual frontier molecular orbital
energies which supports FMO in order to find energy

gap.

UV spectral analysis

The UV-vis spectra provide evidence
confirming their molecular structures by their
maximum wavelength absorption. The &__ for lower
lying singlet states of the molecule have been
calculated by DFT/ B3LYP/ 6-31 G (d, p) method.
The &__, oscillator strength and excitation energies
are reported in Table S5 (UV PARAMETERS OF
DNPHTTO). Visible absorption maxima correspond
to electronic transition between frontier orbitals is
considered. The observed and calculated UV-Vis
Spectra in gas phase are compared and illustrated
in Fig 7 (a) & (b). The n-8* transition energy is
calculated at 394.34 nm in gas phase, above the
experimental maximum in methanol at 343.5 nm with
strong intensity in solvent phase. The 8-0* transition
observed at 362.78 nm, in gas phase, and a weak
peak is observed at 306.5 nm in the experimental
maximum in methanol. Increase in pola'gcy of the
solvent generally shifts the n-8* and n-~* bands
to shorter wavelength and 8-8* bands to longer
wavelengths. The differences in experimental and
theoretical values are due to solvent effect and
resonating nature of aromatic ring and lone pair
electrons.

Global and chemical reactivity descriptors

Based on the energies of frontier molecular
orbital energies, various chemical reactivity
descriptors as well as global reactivity descriptors
have been defined [42].These parameters are used
to find molecular stability, optical polarizability and
reactivity of a compound.

Chemical hardness signifies resistance
towards deformation or polarization of the electron
cloud of the atom, ions or molecules under small
perturbation of chemical reaction. Hard molecules
have a large energy gap and soft molecules has
small energy gap. Using Koopmans theorem for
closed-shell compounds, 1, u and y be defined as,

y =02 (3)

(where I=-E and A= -E )

HOMO
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p=- (I+A)/2 ...(4)
S=1/m ...(5)

Where A and | are the ionization potential
and electron affinity of the compounds respectievely.
Electron affinity refers to the capability of ligand to
accept one electron from a donor. A new descriptor
to quantify the global electrophilic power of the
compound is electrophilicity index describes the
biological activity respectievely. The usefulness of
this new reactivity quantity (u) has been recently
demonstrated in understanding the toxicity of
various pollutants in terms of their reactivity and site
selectivity*®4.

w="" ...(6)

The electronegativity y (chi) of an element
is the power of an atom of the element to attract
electron to itself when it is part of a compound. If an
atom has a strong tendency to acquire electron, it is
said to be highly electronegative. Electronegativity is
a very useful concept in chemistry and has numerous
applications which include a rationalization of bond
energies and the type of reaction that substance
undergoes and the prediction of the polarity of
bonds in molecules. It can be related to the size and
electronic configuration of the atom. The properties
of individual atom was proposed by Robert Mulliken
i.e., an atom with high ionization energy (l) and a high
electron affinity (Ea) likes to acquire electron than
to lose electron when it is part of a compound, i.e
highly electronegative. Conversely the atom with low
ionization energy and electron affinity tends to lose
electron rather than gain them i.e. electropositive.
These observation motivated the definition of the
mulliken electronegativity; x, . as the average value
of the lonization energy and the electron affinity of
the elements. From calculation the electronegativity
(x,,) of the compound is calculated.

% L (l+Ea) (7

By using above eqns. (3)-(7) the values of
n, u, S, x,, and U are determined and represented
in Table 1. It is seen that the chemical potential of
the title compound is negative and it means that
the compound is stable. The hardness signifies
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the resistance towards the deformation of electron
cloud of chemical systems under small perturbation
encountered during the chemical process. Hard
systems are relatively small and less polarizable.

Bond Orbital Analysis

Natural bond orbital explains about
hybridisation involved in bond orbitals. Interaction
between atomic orbitals (filled donors) — Lewis type
NBO’S and empty (acceptors) non-Lewis NBO’s are
reported. The hyper-conjugation may be given as
stabilizing effect that arises from an overlap between
an occupied orbital with empty orbital, when the
orbitals are properly oriented.

This non covalent bonding interaction can
be quantitatively described in terms of the NBO
analysis. Some electron donor orbital, acceptor
orbital and the interacting stabilization energy
resulting from second order microdisturbance
theory is reported. The occupancy and energies are
calculated by NBO analysis. The stabilization energy
AEu associated with delocalization is estimated by
the second order perturbative as

3 o ii)2
E® =AE 1] :CLi—Z([J )

i ..(8)

g, — donor orbital occupancy, &i , g —
diagonal elements (Energies of orbital), F (i ,j)
— off diagonal NBO Fock or Kohn — Sham matrix
element, E (2) — Stabilization Energy.

The intra-molecular interaction are
formed by the orbital overlap between = (c-c) and
n*(c-c), non bonded Nitrogen and Oxygen atoms
with antibonded carbon, Nitrogen, Oxygen and
Sulphur which leads to moderate stabilization
energy. From Table S6 (Second order perturbation
theory analysis of Fock matrix in NBO basis for
DNPHTTO) the intra-molecular hyperconjugative
interactions formed by orbital overlap n(c-c)— m*(c-c)
are calculated, these interactions are observed as
an electron density in c-c antibonding orbital that
weakens the respective bonds. The ED at the six
conjugated & (~ 1.67180,1.59092,0.49046) bonds
to €*((~ 0.63682, 0.62556, 0.33407 e) of the phenyl
ring clearly demonstrates strong delocalization
leading to stabilization of energy values as shown
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above. The most important interactions observed
other than n- ©* is n- m* and n-n* were the E (2)
value is O,, — (N10-O12), O12 — (N10-O11), N17
— (C19-N23), N23 — (C17-N19), O2° — (C22-N24)
is 80.71, 79.96, 63.60, 169.33, 123.09 KJ / mol
respectievely. And the interaction of lone pair of
oxygen and nitrogen with nitrogen, oxygen and
carbon is 678.23, 37.3, 197.19, 278.28, 202.97
KJ / mol for transition between O,, — (N10-O11),
014 — (N13-0O1), N16 — (C-C6), N24 — (C21-S26),
N24 — (C22-02). The increase in energy may be
due to the presence of nitro group which results in
delocalization of electron and hence decrease the
stability of the molecule probably.

Thermodynamic properties

Scaling factors have been recommended”
for an accurate prediction to determine the zero point
vibrational energies for DFT calculation and it is
found to be 127.823 K/ Cal/ mol. The total energy of
the molecule is -1488.32 K/ Cal/ mol. In addition to
this the dipole moment reflects the molecular charge
and it is determined for neutral molecules Table S7
(Thermal Parameters of DNPHTTO).

On the basis of vibrational analysis at
B3LYP/6-31 G (d, p) level, the standard statistical
thermodynamic functions: heat capacity (C°p, m),
entropy (S°m) and enthalpy changes (H°m) for the
title compound were obtained from the theoretical
harmonic frequencies and are listed in Table S8
(Thermodynamic Parameters of DNPHTTO) . From
Table S8, it can be observed that thermodynamic
functions are increasing with Temperature ranging
from 100-1000K due to the fact that the molecular
vibrational intensities increase with temperature and
it is graphically represented in the Fig 8.

CONCLUSION

The observed FT-IR and FT-Raman values
correlate well with considered wavenumbers. For
accurate prediction of vibrational assignments PED
were calculated using VEDA program. The NBO
reveals hyperconjugative interaction and charge
delocalization around the bonds. Charge transfer
mainly preferred due to C6-N16 and C9-N17. The
presence of C=N fused with the dintrophenylhydrazine
and thioxopyrimidone ring, icreases the molecular
hyperpolarizability of title compound about 24.229



KALAIARASI & MANIVARMAN , Orient. J. Chem., Vol. 33(1), 304-317 (2017) 316

x10%%su , which is 14 times higher than that of urea.
Stability and reactivity is analysed by energy gap of
HOMO-LUMO. HOMO-LUMO are mainly located
over N=C group. The global reactivity descriptors
u determines the biological activity nature of our
compound and it is used to study about toxicity of
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