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Abstract:

6 - (2 - phenylhydrazono) tetrahydro — 2-thioxo-pyrimidin — 4(1H)-one was synthesized and characterized using FT-IR, FT-
Raman, NMR spectral techniques. The FT-IR and FT-Raman spectra of 6-(2—-phenylhydrazono)—tetrahydro—2—thioxo-
pyrimidin-4(1H)-one have been recorded in order to study the normal modes of vibrations. The theoretical wave number
predictions were calculated by the density functional theory using the B3LYP function with 6-31G (d, p) basis set.
Vibrational assignments were assigned with the help of potential energy distribution analysis. The first order
hyperpolarizability (f,) calculation was performed to investigate the optical behaviour of the compound. The energy levels
designated with respect to transition of electron from lower (o) to higher level (x). The UV absorption at 238nm is
designated as R-bands due to w - t*. Stability of the molecule arising from hyper-conjugative interactions between donor
(i) and acceptor (j) orbitals of the molecule. Global reactivity descriptors and thermodynamic properties of PHTTO have
also calculated based on DFT calculations.

Keywords: Thioxo-pyrimidine, NBO, HOMO — LUMO, NLO, PED.

1. Introduction

2-thiobarbituric acid scaffold consists of a pyrimidine cyclic structure and have a large number of biological application.
Thiobarbituric acid and their derivatives are pharmacologically important such as intravenous anesthetics [i], anticonvulsants [ii],
immunotropic [iii], anti-inflammatory[iv], antibacterial activity [v], sedatives [vi], herbicides [vii], antiviral agents, antihyperthyroid
[viii], membrane protector [ix], radio protector [x],thermal stabilizers [xi] and used to measure the auto-oxidation of brain
homogenates for various animals [xii], treat non-alcoholic fatty liver disease [xiii], and determine formaldehyde and acetaldehyde in
the food [xiv]as well as they form a type of bioactive complex with triphenyltin. A large number of reports are available on the
reactions of thiobarbituric acid with carbonyl compounds-aldehydes, ketones and esters [xv-xvi]. Reaction of thiobarbituric with
phenyl hydrazine results in formation of hydrazone linkaged product. The substituent phenyl hydrazine has haemolytic and
antipyretic action, as well as used in manufacturing dyes, reagent for sugars, stabilizer for explosives [xvii].

Hydrazones are a special class of organic compounds in the Schiff base family [xviii]. The hydrazone linkage are represented by
C=N-NH. The C and N are the active centers of hydrazone mainly responsible for physical and chemical properties due to the
reactivity towards electrophiles and nucleophiles. The usefulness has leaded the hydrazones to emerge as good chelating agents that
can form a variety of complexes with different transition metals [xviii]. Hydrazones and their derivatives are known to exhibit a wide
range of interesting biological activities like antioxidant, analgesic, anticancer, antiprotozoal, antiparasitic, antiplatelet, cardio-
protective, anthelmintic, antidiabetic, antitubercular, trypanocidal, anti-HIV, potent anti-inflammatory [xix-xx].

In the present report, the structural conformation, vibrational Assignments other thermodynamic parameters of title molecules were
investigated using DFT calculations. Organic materials play a major role in non-linear optics due to their great optical behaviour
hence we investigated the first hyperpolarizability coefficient energy gap through DFT and UV-visible spectrum. Intra molecular
charge transfer in the molecule is analyzed by NBO analysis.
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2. Experimental Section

2.1. Synthesis of Thiobarbituric acid

About 6g (0.25mol) of sodium metal is dissolved in 200ml of ethanol. To this solution 15g (0.25mol) of thiourea and 40ml of diethyl
malonate is added. The reaction mixture is refluxed for 6hrs. 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 HCl. The crude product
obtained is collected, washed with 50ml water and dried in oven at 105-110°C for nearly 4 hrs. The obtained compound purified by

recrystallization with ethanol. (Melting point- 243°C, yield-80%).

2.2. Synthesis of 6-(2-phenylhydrazono)-tetrahydro-2-thioxopyrimidin-4(1H)-one

Equimolar mixture of thiobarbituric acid 2.44g (0.1mol), phenyl hydrazine 2.08g (0.1mol) are dissolved in ethanol, the content is
condensed on oil bath for 4 hours, then the reaction mixture is stand overnight and the precipitate obtained is filtered washed with
ethanol and dried to obtain the pale yellow powder product, the product thus obtained is recrystallized (Melting point - 180°C, yield —

67%).

2.3. Mechanism of the Reaction
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2.4. Materials and Methods

All the solvents used were of spectral grade. The melting points of the compound were measured in open capillaries and are
uncorrected. IR spectra were recorded on an AVATAR-330 FT-IR spectrometer with spectral range of 4000-400 cm™. FT-Raman
spectrum was recorded on BRUKER: RFS 27 with spectral range of 3500-50 cm™. "H NMR spectrum was recorded at 400 MHz and
C NMR spectrum at 100MHz on a BRUKER model using DMSO-d6 as solvent. Tetramethylsilane (TMS) was used as internal
reference for all NMR spectra, with chemical shifts reported in § units (parts per million) relative to the standard.

2.5. Quantum Chemical Calculations

Calculations of the title compound were carried out with Gaussian 03 software program using the B3LYP/6-31G (d, p) to predict the
molecular structure and vibrational wave numbers [xxi]. Calculations were carried out with Beck’s three parameter hybrid model using
the Lee-Yang-Parr correlation functional (B3LYP) method. The structure optimization was performed to identify the optimized structure
and geometry of the examined species. The unscaled wave number was scaled down using the scale factor value of 0.920 for DFT
method. The DFT hybrid B3LYP functional methods have to be used for obtaining a considerably better agreement with experimental
data [xxii-xxv].

3. Result and Discussion

3.1. Structural determination by 'H NMR and ">C NMR spectra

—  6-(2-phenylhydrazono)-tetrahydro-2-thioxopyrimidin-4(1H)-one
The 'H NMR spectrum of PHTTO were recorded in DMSO-d’solvent. There is a singlet at 8 1.163 ppm integrated to 2H which
should be the CH, methylene proton. The NH protons exhibited two characteristic broad singlets at 6 9.946 ppm and 10.922 ppm of
NH present in thiobarbituric acid. The NH attached to phenyl ring is observed at 8 5 ppm. The signals of aromatic CH protons are
observed as a multiplet at § 8.75, 8.17-8.20, 7.60-7.62 respectively.
The "*C NMR spectra of PHTTO (DMSO-d°) are assigned as follows where the phenyl ring shows signals at & 123.45, 127.48, 129.53,
115.55 ppm. The C=N hydrazone linkage is observed at 6 149.14 ppm, where the C-N Phenyl linkage is assigned at & 134.20 ppm.
The CH, carbon of methylene proton is assigned at 6 44.21 ppm, the C=0 and C=S functional group are observed at 155.74 ppm and
163.45 ppm. The spectra are shown below in Fig 3 and Fig 4.
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4. Molecular Geometry
The optimized molecular structure of the title compound shown below is determined by using B3LYP/6-31G (d, p) level of calculation.

Figure 5
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From the bond parameters most of the optimized bond lengths are slightly longer than the experimental values, the bond angles and
dihedral angles are slightly different from the experimental angles. We note that the experimental results are calculated at solid phase
and the theoretical calculations are calculated at gas phase. In the solid state, the existence of a crystal field along with the
intermolecular interactions connect the molecules together, which results in the differences in bond parameters between the calculated
and experimental values. The C-S and C-O bond length is 1.6627 A, 1.2123 A respectievely which is typical for a C=S double bond
(sp2 hybridized) [xxvi] and carbonyl group [xxvii].Bond distances in hetero aromatic rings changed due to difference in
electronegativity of the atom present. In hydrazone group, C6-N13double bond distance is about 1.2831 A is found related to
hydrazone structures, i.e. 1.2810 A and 1272 A [xxviii]. The Thiopyrimidone ring and phenyl ring exhibits an approximately
perpendicular conformation i.e. C6-N13-N14 (116.74°) is inclined at 90°with N13-N14-C16 (117.85°) due to bond strains. The bond
lengths and angles in the pyrimidone ring are similar to 2-thiobarbituric acid [xxix] and isopropylidine thiobarbituric acid [xxx].The
molecular structure demonstrated that the imination occurred on oxygen atom of thiobarbituric ring and the Nitrogen atom which is far
from phenyl ring. The longerC10-C11 bond distance (1.48A) shows that there is no delocalization of the nitrogen lone pair of
electrons towards the ring. This indicates the delocalization of electrons in the central part of the molecule [xxxi].The experimental N-
N bond length of title compound is reported as 1.3738 A which coincides with the electron diffraction N-N bond length of tetra-
methyl hydrazone is reported at 1.401A [xxxii-xxxiii]. The C-H bond distance of active methylene group is 1.08 A (C5-H11), 1.10 A
(C5-H10) which is more or less equal with phenyl skeletal ring. The calculated bond lengths of the C—C bond in benzene ring is
between 1.392 A - 1.501A, while experimentally, it ranges 1.365-1.500A which is much shorter than the typical C—C single bond
(1.54 °A) and longer than the C=C double bond (1.34A)[xxxiv-xxxv].

The torsional angles of C16-N14-N13-C6, C5-C6-N13-N14, C17-C16-N14-N13, C18-C16-N14-N13, N2-6C-N13-N14 are -
179.24, -2.06, 179.76, 161.17, -21.47 respectively, show that the molecule itself is not planar. Where C16 and C6, C5 and N14, C17
and N13 are trans to each other whereas N2, N14and C18, N13 are cis to each other.

5. Vibrational Assignments
The PHTTO molecule consists of 26 atoms and so it has 72 normal vibrational modes. The vibrational band assignments have been
made based on SQM program. The theoretical DFT force field was transformed from Cartesian coordinates into the local coordinates
and then scaled empirically according to the SQM procedure [xxxvi].

Fg]{:aled= (cicj) F;?]BLYP -------- o)
Ci- scale factor of coordinate i,
F{34YP- B3LYP/6-31Gforce constant in local coordinate, and
Fii-cale‘i - scaled force constant.
The assigned frequencies as predicted from the basis set BALYP/ 6-31G (d, p) is nearly same expect for slight variations in the
potential energy distributions. The observed and simulated FT-IR and Raman spectra of PHTTO are given in Figs. 6&7 respectievely.
The calculated spectra are found to be close to the experimental values reveals the overestimation of the calculated vibrational modes
due to neglect of an-harmonicity in real system [xxxvii] as shown in Tablel.
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Figure 6: the recorded and theoretical FT-IR spectra of PHTTO
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Figure 7: the recorded and theoretical FT-Raman spectra of PHTTO
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E
Mode |Un- | Scaled | IR Raman Intensity TED=10%
Ko, scaled | freg IR | Raman
Freg

1 3803|3365 [ 86w | 3107w 150 188642 | vV H 5(55)

2 3168 | 3043 | Mldw| 3022 m |24 0.52535 | vCi-Hy(90)

3 3164 | 3032 | 1870m| 2924w (0005 | 0.89308| vC:H,,(37)

4 3033|1904 [2667m| 28605 182 3.5551 | vC:H,y(96)

H 1833 |1761 | 1697w| 17095 (8142 | a73g21|v(,0.:(56)

f 1718 [1650 | 1625m| 1680 m |8.64 100 | vC;N.:(84)

7 1663 [1897 - | 1870w 23,87 | 200728 wCi-CoB0)RC:-CisCisl28)

] 1651 [1586 | 1837w| 15355 [1.51 203786 | vCy, Caa(38) 903 Coa(381-FC1 T -(15)

] 1553 (1491 - | 1803w 2900 | osossz| PHNCo(1)<pHN,Col18)+fH N Cisl(15)
- | 4w WCuaCor (1IN G 0+ CuCa 151

10 1479 1420 581 0.26835 | HyCasCos(15)

11 1439 J1382 [1386w| 13015 [78.04 | 2.e684l| wCN,(35) (N, (A0-FH N, Ca(12)
12 1389 1334 - 13685 | 2,10 | o.oss3z| PHGN,Ca(28)+pH;N,Ca(35)

13 1370|1316 - [137w 823 2.50522 | vC s C15(32) v CelNa(20)

14 1181 1230 | 1311w 12235 [40.65 13,852 | w(yyN,4(35)

11581 m BH2 G- C (38 pHC o G 18]+ C 5 Ca20

15 1201 | 1154 101 44186 | )

1163 m| 11536 m wC N (18N N 18 C 8- THEHEN, G2
16 1167 1121 408 | L57ESE| )
17 1131 | 1086 | L1108w| 1083 s | 32,26 | Lioves|wNoNi(l5)
18 963|925 933w | 831 m | 0.035 | 0.0567%| +HyyCo-CosHou(52)+eHou CesCor Haz (25)

Tm | Tils TC-CusCosHu (18 e HCnCreCs BIFTN GG,
19 767 |76 9.368 | 205081 | ;CiCi-(20)

W[50 a6 0w | 5 [Lags | 2eems| T0CNGOD)
21 204|484 407w | 4875 | 080 [ nossar| pC.CON(35)
T a0 (4 | - | 4485 | 565 | Less| BC:C0uBUrBCaCa 1D BC.CCTE)

3 443 425 - J8fs | 980 | s4asi8| TNy i
] 319 306 - /3w | L1 23,084 | 2C:CoNsN(32)
1] 164|187 - 184w | 1.B6 | 23.4386| [N, C,5:(12)+eC:CiCiN,(15)

6 118|113 ] 145 | 071 | 168525 ] BCiNuNi(12)+eN, CCNL(85)

Table 1: Vibrational Assignments of PHTTO by B3LYP/6-31G (d, p) method

The CH stretching vibrations give rise to bands in the region 3100-3000 cm™ in aromatic compounds. Where C-H stretching
vibrations are not mixed with other type of vibrations. The CH in-plane bending vibrations are observed in the region 1300-850 cm’’
and are usually of medium to weak intensity. The CH out-of-plane bending modes are usually of weak intensity and are observed in
the region 950-600 cm'[xxxviii-xl]. From PED analysis the stretching frequency of CH aromatic is observed in experimental
spectrum at 3014 cm™ in IR spectra and at 3022 cm™ in FT-Raman spectra. The CH in plane and out of plane bending vibrations are
occur near the region 933 cm™ and 723 cm™ in IR spectrum, further the FT-Raman spectrum near 931 cm™ and 722 cm™' respectievely
with PED% of about 90%, 52%, 32%.The carbon — carbon stretching modes of the phenyl ring are expected to be in the range from
1650 -1200 cm™'[xli-xlii]. In the Raman spectrum of title compound, the carbon—carbon stretching bands appeared at 1535, 1503,
1327, 1011 cm™ its PED contribution is ~ 30 % and in IR spectrum at 1537 cm™, The theoretically calculated values by B3LYP
method are 1650, 1597, 1316 and 1011 cm'and these values show excellent agreement with above experimental data. The C=0
stretching vibrations are normally observed in the range of 1800-1600 cm'[xliii]. On the other hand, this mode gives only weak or
very weak absorptions in Raman spectroscopy. In our study, as expected, C=0 functional group of title compound is observed at 1697
cm™ in IR spectrum and 1709 cm™ in Raman spectrum, which is in excellent agreement with the calculated value of 1761 cm™.
Rumyana et al[xliv] assigned C=0 of thiobarbituric at 1722 cm™ which coincides with our experimental value of PHTTO.NH groups
are very characteristic and their stretching vibrations are observed, in many cases, around 3500— 3300 cm™ [xlv-xlvi]. For PHTTO the
NH vibration was observed as a weak band located at 3186 cm™ in IR spectrum and 3107 cm in Raman spectrum and it is
theoretically observed at 3365 cm™ at mode no. 3 and PED assignment of about 99%. Mendez et al [xxviii] and Ramando et al [x1vii]
observed NH stretching frequency at 3587 cm™', 3430 cm™ . The N-N stretching frequency was assigned to the medium intensity in IR
and Raman bands at 1105 cm™ and 1093 cm™ which coincides very well with scaled wavenumbers at 1086 cm™. (PED value of about
25%).The methylene group has six vibrational modes asymmetrical, symmetrical stretching, scissoring, wagging, twisting and rocking
modes. The CH, asymmetric stretching is usually observed at 3000 cm™, the CH, symmetric stretching frequency is assigned
between 3000-2900 cm'[xlvii-xlviii]. For the title compound, the CH, stretching modes (asymmetric and symmetric modes) are
observed at 2870 cm™ in IR spectrum and 2667 cm™ in Raman spectrum respectively and the symmetric mode is detected at 2667
cm™ in IR and 2869 cm™ in Raman spectrum and they well coincide with the scaled wave numbers 3039 cm™ and 2904 cm™ (TED =
97%, 96%) respectievely. The C=S group is less polar than the C=0 group and has a considerably weak band. Compound that
contains a thiocarbonyl groups shows absoprtion in the region 1250-1020 cm™'[xli, xlv]. In our present study, the C=S stretching
frequency is observed in the region 1163 cm™ and 1156 cm™ in IR and Raman spectra. The above experimental values are well
coincided with the scaled theoretical value 1121 cm™ obtained by B3LYP method with PED value of about 22%.The C=N stretching
band are observed in the range 1627— 1566 cm™'[xlix—Ixi]. For the title compound the band calculated at 1650 cm™ by B3LYP method
is assigned to C=N stretching mode and experimentally observed in IR spectrum at 1625 cm™ whereas at 1680 cm™ in FT-Raman
spectrum.  Hahebalzamani et al [Ixii], Lin Vin et al [Ixiii] supported the C=N stretching frequency at 1591 cm’, 1622cm’
respectievely. Silverstein et al assigned C-N stretching absorption in the region 1342-1266 cm™ [xli]. In our title compound the C-N
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vibrations are assigned at 1386 cm™ in IR and at 1391 cm™ in Raman respectively. Based on the results of the previous works on
phenyl hydrazine derivatives the bands of the IR spectra 462-491cm™ are assigned to C-N bending vibration modes. The bands in the
region of 497 and 482 cm™ has been assigned to symmetric C-N bending.

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 wave numbers were calculated and correlation graph is represented in Fig. 8

RMS=J$Z(V?H _ fop) ______ ()

RMS values of wave numbers were evaluated using the following expression [Ixiv]. The RMS error of the observed IR and Raman
bands are found to be 47.67, 11.89 for DFT method. The small differences are observed since experimental vibrational modes are
calculated in solid phase and Scaled vibrational modes are calculated in gaseous phase.
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Figure 8: Correlation graph of PHTTO between experimental and theoretical values

5.1. Non-linear Optical Properties

The significance of the polarizability and the first hyperpolarizability of molecular systems depend on the efficiency of electronic
communication between acceptor and the donor groups, since it is the base to intramolecular charge transfer [Ixv]. 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. The molecular hyperpolarizability get enhanced in organic molecules containing O-H, N-H and C=0O which
involved in hydrogen bond interactions. From the 6-31G (d, p) basis set calculation the dipole moment (u) was calculated at
0.8804Debyeand «,  were calculated at 4.0215x10esuand 14.0383 x10* esurespectively which is 37 times higher than the standard f,
value of urea Table 2.

Parameters BALYP/6-31G(d,p) Alpepela Labilia (B
Dipale morens { u ) * i
Debve
L. -0.8666
1L, -0.0533 | F- 1815.40
1L -0.1461 | -36.58
37488
" 0.5804Debye E _::;'E;
Polarizabiliey ( uy ) Bo.. 37.03
I esu B... £1.91
o 166.54 - -6.55
o, 15.61 [ 14.43
. 175.25 B 9.18
o -2.70 B -30.24
140383 x I
o, .34 Ba sy
o 71.11
o 4021 5x 10" esu

Table 2: The Non-linear optical properties of PHTTO
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5.2. Frontier Molecular Orbital

On the basis of fully optimized ground state structure, B3LYPlevels with the 6-31G (d, p) basis set calculations are used to determine
the low-lying excited states of 6-(2- phenylhydrazono) tetrahydro —2—thioxopyrimidin-4(1h)-one. The energy gap between the highest
occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) determines the chemical stability, optical
polarizability and chemical hardness [Ixvi]. The HOMO represents the ability to donate an electron, LUMO as an electron acceptor
represents the ability to obtain an electron. The HOMO and LUMO energy calculated by B3LYP levels with the 6-31G (d, p) basis set
are shown in Fig 9. The HOMO is located over the thiocarbonyl group; the HOMO — LUMO transition implies an electron density
transfer to phenyl ring from thiobarbituric ring. The energy gap between the HOMO and LUMO is found to be 3.6761 eV and the
second transition HOMO-1 — LUMO+1 is 6.1466 eV. The density of state spectrum of PHTTO was drawn by convolution the
molecular orbital information with Gaussian curve of union height is shown in Fig 10. The most important application of DOS plot is
to demonstrate molecular orbital composition and contribution to chemical bonding.

LUMO+1=-0.3429 eV
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Figure 9: HOMO —-LUMO diagram of PHTTO by B3LYP/6-31G (d, p) method
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Figure 10: The density of state (DOS) Spectrum of PHTTO by B3LYP/6-31 G (d, p)

5.3. UV Spectral Analysis

The UV-Vis spectrum provides evidence confirming their molecular structures. All the structures allow strong ¢ — o* or 1 — n*
transitions in the UV-Vis region with high extinction coefficients. The A, for lower lying singlet states of the molecule have been
calculated by DFT/ B3LYP/ 6-31G (d, p) method. The A, oscillator strength and excitation energies of PHTTO are reported. UV
Visible absorption corresponds to the electronic transition between frontier orbitals of PHTTO. The observed UV-Vis Spectrum was
shown in Fig.11. As can be seen from the Fig.11, the experimental electronic absorption spectra of the title compound shows three bands
at 345 nm (log ¢ = 0.1915), 302 nm (log ¢ = 0.0037), 238nm (log ¢ = 0.0059). The theoretical absorption bands are predicted at 386, 368,
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279 nm. By comparing the experimental and calculated value the difference of 41.32 nm and 41.2 nm is obtained which shows
hypsochromic shift or blue shift of A, C=N favouring n-n* and A, of phenyl favouring n-n* due to delocalization of melectrons.
Increase in polarity of the solvent generally shifts the n-n* and n-o* bands to shorter wavelength and n-n* bands to longer wavelengths.
In TD-DFT method the electronic absorption spectra for different solvents and gas phase are shown in Fig.12. By comparing the
experimental and theoretical method n-n* transition is favoured.
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Figure 11: Experimental and calculated electronic spectra of the studied compounds using TD-DFT Method
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Figure 12: Theoretical Electronic Absorption spectra of different solvents by B3LYP/6-31G (d, p)

5.4. NBO Analysis

NBO analysis provides information about intra and intermolecular bonding, interaction between both filled and virtual orbitals, charge
transfer and conjugative interactions in molecular system. The conjugation gives stabilization to the molecule by overlap between an
occupied orbital with neighboring electron deficient orbital.

Natural bond orbital (NBO) analysis allows the assignment of the hybridisation of atomic lone pairs and the atoms involved in bond
orbitals. Interaction between atomic orbitals (filled donors) — Lewis type NBO’S and empty (acceptors) non-Lewis NBO’s are reported.
Some electron donor orbital, acceptor orbital and the interacting stabilization energy results in second order microdisturbance theory is
reported [Ixvii]. In addition, the occupancy of natural bonds and lone pairs, and the percentage of p character calculated by NBO analysis
method are given. The stabilization energy AE ; jassociated with delocalization is estimated by the second order perturbative as

j 13
qi — donor orbital occupancy
€l, gj — diagonal elements (orbital energies)
F (i, j) — off diagonal NBO Fock or Kohn — Sham matrix element. [Ixviii]
E (2) — Stabilization Energy.

From Table3 the most important interaction n (LP (1) N;)—n*(C5-S;), n(LP (1) N, —n*(C;-S7), n(LP(1)N|; —n*(C4-O5), n(LP(1)N,
—#(C¢-N13), n(LP(2)01,—6*(N;-Cy), n(LP(1)Ny4— n*(C16-Cys) shows 274.55, 289.41, 202.46, 140.92, 122.84 and 103.89 KJ/mol
shows higher stabilization energy for carbonyl and thiocarbonyl moieties of thiobarbituric ring. The transition of phenyl ring occurs
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between C4-Cig =»C7-C19—C,-Cy; have stabilization energy of about 76.07, 93.14, 90.17 and 77.45 respectievely. From the intra-
molecular hyperconjugative interactions are formed by the orbital overlap between m(c-c)—* n*(c-c) bond orbitals which results in
stabilization of the ring system. These interactions weaken the respective bonds. The ED at the six conjugated m bonds
(~1.64,1.70,1.66 e) to n*(™~0.34, 0.39, 0.39 e) of the phenyl ring clearly demonstrates strong delocalization leading to stabilization
of phenyl ring. The & electron cloud movement from donor to acceptor can make the molecule high polarized and must be responsible

for NLO properties of PHTTO. From NBO discussion the energy transfers from thiobarbituric ring to phenyl ring have been
identified.

Trpt [Damarii) ED ¢ ll.v.'-'nd:-rl_il ED ¢ A mal 'EI-EI]:- Tt:":'
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Table 3: Second order perturbation theory analysis of Fock matrix in NBO basis for PHTTO.

5.5. Electrostatic Potential Surface

MEP and electrostatic potential explains about the charge distributions in a molecule. The charge distribution explains about
molecular interaction within the molecule. The reactivity of our title compound is Fig.13 in a three dimensional MEP surface. The
total electron density and MEP surface of the molecule under investigation is constructed by using B3LYP/6-31G (d, p) method. MEP
helps in predicting the sites for nucleophilic and electrophilic attack in the molecule by color grading, molecular size, shape and
further it is useful in research for explaining the physiochemical properties of the molecule [Ixix]. The region of negative charge is
pictured out by red color, which indicates the electrophilic attack sites of our molecule. The red region is localized over C19, C21,
C23 of phenyl ring in our title molecule. The region of positive charge is pictured out by blue color, which indicates the nucleophilic
attack sites were localized over two N—H group of the thiobarbituric ring. The green color corresponds to a potential half way between
the two extremes red and blue region and represents the neutral charge for nitrogen atom N13 and N14.

Figure 13: Molecular Electrostatic Potential diagram of PHTTO.

6. Conclusion

The geometrical parameters of the optimized structure were studied in detail and the vibrational frequency analysis by B3LYP method
agrees satisfactorily with experimental results. The value of HOMO-LUMO energy gap explains chemical reactivity of the title molecule.
NBO study reveals that the lone pair orbital participates in electron donation to stabilize the compound. Thus the present investigation
provides complete vibrational assignments, structural information properties of the compound. The UV data indicated that the electronic
transition in the compound has n- n* and n-n* transitions. The values of dipole moment (utot), polarizability (atot) and first-order
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hyperpolarizability (Btot) of the molecule were calculated. It has been found that the value of first-order hyperpolarizability is 14.0383
10 esu  which is 37 times greater than that of urea, which shows that the molecule is a good NLO material.
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