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Abstract

The optimum molecular geometry of 1-(1,3-Benzodioxol-5-yl)thiourea was calculated by the B3LYP
method of density functional theory (DFT) using 6-311 + + G(d,p), mp2/sto-3g basis sets and data source of
vibration frequency, polarizability, and thermo-dynamical parameters were set up. By contrast with the
theoretical spectra, the vibrational assignment of 1-(1, 3-Benzodioxol-5-yl)thiourea was discussed. In
addition, part of significant parameters such as HOMO-LUMO energy gap and hyperpolarizability
calculations. This study provides a theoretical support for the spectral detection technology, especially for

the analysis of the electronic structure and spectra of of 1-(1,3-Benzodioxol-5-yl)thiourea.
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Introduction

Thiourea derivatives have attracted great attention as versatile ligands in numerous applications.
This is due to its unique properties which enable to coordinate with various transition metal ions as
monodenate or bidentate ligands. The methylenedioxy benzene group is present in a number of endothelia
receptor antagonists. Endothelins are 21-amino acid bicyclic peptides originally isolated from the
supernatant of cultured porcine endothelial cells 2. There have been many studies about the molecular
conformations of indan-like benzene fused ring molecules *°. These molecules have received considerable
attention due to their interesting conformational properties. 1, 3-benzodioxole has been studied extensively
by several spectrographic and theoretical methods owing to its propensity for large amplitude motion ®**. It
is believed that the molecule has a nonplanar structure in its electronic ground state. While the aromatic ring
is planar, the five member ring is puckered, with the oxygen atoms and the CH, group on opposite side of
the aromatic plane. In the present work, the Quantum mechanical and hyperpolarizability investigations and
vibrational spectroscopic analysis of 1-(1,3-Benzodioxol-5-yl) thiourea is reported theoretically.

Materials and Methods
Computational details

Calculations of the title compound were carried out with Gaussian09 software® program using
B3LYP/6-311++G(d,p)*, mp2/sto-3g basis sets to predict the molecular structure and vibrational
wavenumbers. Calculations were carried out with Becke’ s three parameter hybrid model using the Lee—
Yang-Parr correlation functional (B3LYP) method. Molecular geometries were fully optimized by Berny’ s
optimization algorithm using redundant internal coordinates. Then frequency calculations were employed to
confirm the structure as minimum energy points. At the optimized structure (Fig. 1) of the examined species,
no imaginary wavenumber modes were obtained, proving that a true minimum on the potential surface was
found. The DFT method tends to overestimate the fundamental modes. The optimized geometrical
parameters are given in Table 1. The assignments of the calculated wavenumbers are aided by the animation
option of GAUSSVIEW program, which gives a visual presentation of the vibrational modes.

Result and Discussion
Geometrical parameters

The optimized structure of 1-(1,3-Benzodioxol-5-yl)thiourea are shown in the following fig (1). The
corresponding minimum energy obtained by b3lyp/6-311+g(d,p) method were fall on -1080.9369747. From
the optimized geometry the optimized structural parameters are tabulated on table 1.
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Figure 1: Optimized structure of 1-(1,3-Benzodioxol-5-yl)thiourea
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The Geometrical parameters are obtained by computationally. For 1,3-Benzodioxol-5-yl ring the Cg-
Og, C10-0O1;1 bond lengths are 1.375, 1.433 and Og-C10, O11-C1, bond lengths are 1.433, 1.374. For Thiourea
group the C,-S3 N;1-C; and C,-N4 bond lengths are 1.669, 1.374 and 1.370.

For bond angle of Benzodioxol group, the 1, 3 dioxol group at Cip position Og-Cyp-O1; is 107.3°, at
Og position Cg-0g-C1p is 104.9°, at Oy position C10-011-C12 is 105.1°.

In the Benzodioxol group, the benzene ring at Cs, Cg, C7, Cg, C12 and Cy3 positions the bond angles
are Cg-Cs5-Cq3 is 121.1°, Cs5-C4-C4 is 121.4°, C4-C7-Cq is 116.9°, C;-Cg-C12 is 121.5°, Cg-C12-Ci3 is 122.6°
and Cs-Ci3-Hqg 121.7°.

For bond angle of Thiourea group at C, position, the angles  N;-C»-S31i5121.4°, S3-C5-Ny4 is 126.0°
and N1-C>-Ngy is112.6°.

Bond lenth | value | Bond angle value
N;-C, 1.374 | C,-N;-Hyy 114.9
Ni-Hyg 1.008 | Cy-Nj-His 119.6

Ny-His 1.011 | N;-CyS; 1214
CrSs 1.669 | N;-CN, 1126
CN, 1.370 | Hiy-Ny-His 115.9
N,-Cs 1422 | S3C,-N, 126.0
N,-Hig 1011 | C,N,-Cs 128.2

Cs-Cs 1.395 C,-Ny-Hys 115.7
Cs5-Ci3 1.407 Cs-Ny-Hys 114.3

Ce-Cy 1.404 | N4-Cs-Cq 118.2
Co-Hoy 1.084 | N;CsCy 120.7
C:-Cs 1.376 | Co¢-Cs-Crs 121.1
Cy-Huo 1082 | CsCosC, 121.4

Cs-Oo 1.375 | Cs-CeHy 119.3
Ce-Ci 1392 | CsCis-Co 116.4
09-Cro 1433 | Cs-Cya-Hig 121.7

CioOn | 1433 | Cy-CeHpy 119.2
CiHzx | 1.089 | CeCiCs 116.9
CioHz | 1.097 | CeCyHuo 1215
OuCn | 1374 | CaCiHp 121.6
CCis | 1375 | C;-CgOy 128.9
CisHis | 1079 | C;-CeCp 1215

Os-Cg-Cry 109.5

Cg-O9-Cro 104.9
Ce-C11-O1, 109.4
Ca-C12-Cu3 122.6
O9-C10-On1 107.3
Oo-C1o-Hao 109.5
Oo-C1o-Han 109.3
Ou-CioHyo | 1095
Ou-CioHz | 109.3
C1On-Cp | 1051
Hy-Cio-Ha | 1119
0uCiCs | 127.9
CCiHis | 1219

Table 1: optimized geometrical parameters
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For bond angle of Thiourea group at C, position, the angles N;-Cp-S3 is 121.4°, N3-Cp-Ny is
decreases by 112.6° and this asymmetry reveals the interaction between the thiol group. For urea group S3-
C,-Ny is increased by 6°, N;1-C,-Ny is reduces by 7.4° and asymmetry reveals the urea group.

IR Raman Assignment
Frequncy b3lyp/6-311+g(d,p) mp2/sto-3g b3lyp/6- mp2/sto-3g
311+g(d,p)

602.2575 2.5781 18.4476 4.6614 7.4229
624.4101 5.0868 41.7303 5.3934 4.1471 C-H band
662.78 14.6769 1.2315 2.647 1.7961
717.4696 1.8947 3.4896 7.4462 6.0381
729.2528 10.4493 26.6546 17.7948 12.0817
750.3589 22.9252 52.0689 9.2077 19.78 C-H band
808.849 17.6345 39.8604 5.514 5.1215 C-H band
822.5655 20.5612 5.298 14.011 2.1609
839.323 4.4759 4.8879 22.0359 4.3366
868.5547 21.4247 199.3382 4.5335 26.0169 C-H band
920.7254 1.2564 0.6832 0.3841 1.3208
948.8464 55.9259 23.137 0.7712 3.6514
965.0694 5.7994 23.2262 4.9378 5.6943
1058.324 132.9061 14.3155 2.0692 0.5726 C=S Stretch
1065.173 38.3491 6.4477 16.4498 2.8857
1119.266 13.0623 11.1956 14.2525 2.6735 C-O-C Stretch
1142.962 8.8531 50.1603 0.6343 6.8011 C-O-C Stretch
1157.294 14.9648 72.9873 5.7297 8.2713 C-0O-C Stretch
1210.895 65.1559 124.419 12.6242 3.0884 C-0O-C Stretch
1227.434 167.3336 0.0098 4.1928 7.6292
1251.796 158.4409 31.5093 1.9262 2.2649 C-N Stretch
1296.304 23.2811 52.5162 23.4152 9.0326 C-N Stretch
1299.461 113.963 7.2448 87.3257 12.2568 C-N Stretch
1376.361 123.2188 69.0637 6.6302 15.9518 C-H bending
1401.805 377.2873 4.2063 4.2345 8.6631
1424.453 2.5793 149.3392 11.5062 42.9088 CH, Stretch
1478.893 41.9918 75.9427 61.2207 5.8716
1520.793 289.9063 279.8599 23.1944 3.5071 C=C Stretch
1539.286 35.5578 17.2606 12.5857 1.9582
1552.691 166.4308 17.7765 19.5598 35.5402 C=S Stretch
1634.376 147.3505 10.3142 8.0394 4.7371
1652.443 10.604 0.5307 55.2365 77.8828
1664.833 9.8713 2.4208 32.2219 18.4366
3000.521 126.674 2.5918 254.1482 85.5503
3123.665 30.9038 1.2936 158.11 65.9217
3174.545 7.4592 2.0843 68.1196 38.615
3207.649 2.5699 1.3621 145.3898 72.297
3236.393 0.4157 2.6268 44.6322 29.6171
3553.229 37.7315 23.8851 233.4671 107.9873 CH2 stretch
3581.807 24.0858 9.4584 177.2181 85.1077 CH2 stretch
3684.410 47.2835 1.9604 69.4739 48.9404

Table 2: Selected IR, Raman wavenumbers and assignments
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Vibrational analysis
The observed IR, Raman bands and calculated wavenumbers and assignments are given in Table 2.

For Thiourea group C=S stretching vibration has been assigned by various authors to frequencies
ranging from less than 800 cm™ to greater than 1500 cm-I *°. The region of absorption for the C=S vibration
obviously depends on the type of compound in which this group occurs, specifically on what atoms are
bonded to the carbon atom of the thiocarbonyl group, where nitrogen atoms are attached to the thiocarbonyl
derivatives, there seem to be three regions in the infrared in which a C=S vibration, coupled with other
vibrations, may be observed. This appears to be a useful concept, although, of the three arbitrary regions,
viz. 1570 -1 395 cm-l, 1 420 - 1 260 cm™, and 1140-940 cm™, the lowest should be extended to 700 cm™ to
include absorptions which have recently been shown to exhibit a contribution from C=S stretching.

3647.
I

3242
I

2836.
1

2431,
1

2026.
I

1621
1

1215.
1

4052,
377

7.5459
52.824
98.004
143.34
188.69
233.94
279.14
32444
369.74

\[\f'_\q‘["

=

8105 4052 0.000
L L -37.7

11545
W o/ Fs2.62

| F98.09
F1433
i F188.6
k2339
Fam.t
Fa244
F369.7

415
4052,

T
3647,

T
3242

T
2836,

T
2431,

T
2026.
!

T
1621,

T
1215,

T T 415.0
810.5 405.2 0,000

4052 3647, 3242, 2836.
254 1 L L

2431,
1

2026,
L

1621,
1

1215,
N

810.5 405.2 0.000
! L -25.4

5.082
35.58
66.07
96.57 1l |
1270 ‘i“‘ (
1575 [ ||l
188.0 |

218.5 | |
29,0

_.I\lm /\ ﬂ // S

— P aman L
\N\, N k35,58
vy

F66.07
F96.57
F127.0
F157.5
F188.0
F218.5
F249.0

79.5 T T T
4052 3647, 3242, 2836,

T
2431,

T
2026,

[

1

T
1621,

T
1215,

T T 279.5
810.5 405.2 0.000

Figure 2: FTIR Theoretical spectrum of FT-IR Figure 3: FTIR Theoretical spectrum of FT-RAMAN

The identification of C—N vibrations is found to be difficult tasks because of the mixing of several
vibrations possible in this region. Our calculation 1264.812, 1286.1476 and 1294.1433 cm™ frequency
corresponding to a mixed mode stretching frequencies due to C—NH,'®.

The thiourea which is under investigation has NH, group and hence asymmetric and symmetric NH
stretch vibrations are possible. The NH'' stretching frequency of aromatic compounds occurs in the region
3300-3500 cm™ are assigned to NH, asymmetric AND symmetric group of vibrations. The bands at 3460
cm™ and 3380 cm™ are due to N-H stretching modes of vibrations appear in group are found to be stronger
when compared to N-H ring vibrations.

For methylene groups, the CH.® vibrations are observed in the region 2800-3000, 1200-1400, 875-
1150 and 600-950 cm™. The vibrations of the CH, group (the asymmetric stretch CH,, symmetric stretch
CH,, the scissoring vibration and wagging vibration) appear in the regions 2940- 3005, 2870-2940, 1420-
1480 and 1320-1380 cm™. Theoretically observed the IR spectrum of the title compound, the stretching
bands of the CH, groups is at 3553.229, 3581.807 cm™.

The C-C stretch vibrations occur nearly at 1600cm™. The peak observed at 1710 cm™ is due to C=C
stretching vibrations™®.

The asymmetric and symmetric C-O-C stretching vibrations are expected to appear at 1150-1250 and
1000-1050 cm™. In the present case the DFT calculations give these modes at 1119.266, 1142.962,
1157.294, 1210.895 and 1227.434cm™ %. The bands at 1142.962, 1157.294, 1210.895 (IR) and 1119.266,
1210.895 cm™ (Raman) are assigned as C-O-C symmetric stretching modes.

Figure 2, 3 shows the theoretical FTIR and RAMAN spectrum of 1-(1,3-Benzodioxol-5-yl)thiourea
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Frontier molecular orbital analysis:

The molecular orbital theory is employed extensively to describe chemical activities. Not only does
the molecular orbital theory become an ever-present set of tools used to explain chemical actions, such as
reactivity and kinetics, but it also provides an indispensable theoretical construct for the description of other
phenomenon

LUMO energy = 0.22641 ev

2

Figure 4: HOMO — LUMO energy diagram of 1-(1,3-Benzodioxol-5-yl)thiourea

HOMO energy = -0.21416 ev

involving molecular electronic structure including charge- transfer processes, photo excitation, magnetism,
and molecular electronics. In fact, it is rather common to extract trends in molecular behaviour based on
simple molecular orbital properties. For example, molecules with large HOMO-LUMO gaps are generally
stable and un reactive; while those with small gaps are generally reactive. Thus the stability of a molecule
can be affected by the factors of total energy, dipole moment and energy gap between HOMO-LUMO
levels. The computed values of HOMO-LUMO of 1-(1,3-Benzodioxol-5-yl)thiourea are -0.22641 and -
0.21416 respectively. The intra molecular charge transfer (ICT) from HOMO-LUMO occurs through =-
conjugated path. Here LUMO is an electron acceptor and HOMO represents the ability to donate an
electron. The energy gap is a factor to determine the molecular electrical transport property because it is a
measure of electron conductivity. The boundary orbital picture is given in Figure 4.

The filled orbital (HOMO) is located in the entire molecule except hydrogen atoms in 1-(1,3-
Benzodioxol-5-yl) thiourea whereas the unfilled orbitals (LUMO) are localized except methyl and hydrogen
atoms.

IONIZATION ENERGY AND ELECTRON AFFINITY
1 =0.21416; A=-0.22641

HARDNESS
n= - (0.21416 +0.22641)/2 =0.220285
CHEMICAL POTENTIAL
M =1/2(-0.21416 + 0.22641) = 0.006125

GLOBAL ELECTROPHILICITY POWER
o= 8515 x10°

Table 3: Calculated ionization energy, hardness, chemical potential and global electrophilicity power
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Using HOMO and LUMO orbital energies, the ionization energy and electron affinity can be
expressed as: | = -Enomo, A = -ELumo, n = ('EHOMO + ELUMO)/2 and H= 1/2(EHOMO + ELUMO) pI’OpOSEd the
global electrophilicity power of a ligand as w = x% /2. The hardness 77 and chemical potential®* 1 are given
by the following relations 7 = (1L 4)/2and u = [0 (I + A4)/2 where | and A are the first ionization potential
and electron affinity of the chemical species?’. The calculated values are given in the Table 3.

Predication of first hyperpolarizability

The first hyperpolarizability (B,) of the 1-(1,3-Benzodioxol-5-yl)thiourea and the related property
(Bo) were calculated using the B3LYP/6-311++G(D,P) basis set, based on the finite field approach.

HyperPolar HyperPolar for
for au x 10" esu
Buxx 69.9449593 604.2754869
Bxy 22.3149193 192.7852823
Buyy -63.8468645 -551.5922165
By 28.8975118 249.6542737
Bz 82.6570453 714.0990115
Bxyz -64.7006671 -558.9684733
Byyz 74.8739161 646.8582234
Bxzz -55.8083695 -482.1452466
Byzz 59.2946229 512.2640356
Bz 23.772256 205.3756513
Bo 218.0683 1883.957

Table 4: calculated values of hyperpolarizability

The components of B are defined as the coefficients in the Taylor series expansion of the energy in the
external electric field. Theoretically calculated values of hyperpolarizability (8,) are 1883.957x 10 esu as
shown in the Table 4. We can conclude that the title complex is an attractive object for future studies of non-
linear optical application.

Thermo dynamical properties

On the basis of vibrational analyses and statistical thermodynamics, the standard thermodynamic
functions: heat capacity (C°%,n), entropy (S°») and enthalpy (H°, ) were calculated ** using perl script
THERMO.PL # and are listed in Table 5.

T (K) S Cp ddH S Thermodynamically properties
(J/mol.K) | (J/Imol.K) | (kJ/mol) £ om0

100.00 |31270 | 80.22 5.64 ER

200.00 |384.82 | 135.17 16.36 2

298.15 | 449.11 190.03 32.34 £ s00

300.00 | 450.29 191.03 32.69 _é ;gg

400.00 | 512.31 241.21 54.37 Z a0

500.00 | 570.75 282.68 80.64 E 100

600.00 | 625.33 | 315.75 110.62 g ' e e so 100 1200

700.00 | 676.06 342.13 143.57 g

800.00 | 723.19 363.49 178.88 Temperature (K)

900.00 | 767.05 381.11 216.14 S{y/molk) Cp (4/mol.K) aetF {klfmo}

1000.00 | 807.99 395.85 255.01 Graph 1: Thermodynamical Property of title compound

Table 5: Calculated standard thermodynamic functions
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From the table graph 1 is drawn taking standard thermodynamic functions are in x axis and Temperature (K)
in y axis. As observed from Table & Graph, the values of Cop,m Smand Hoyall increase with the increase of
temperature from 100 to 1000 K , which is attributed to the enhancement of the molecular vibration as the
temperature increases.

Conclution

The present investigation thoroughly reports the vibrational spectra, both infrared and Raman of 1-(1,3-
Benzodioxol-5-yl)thiourea. All the vibrational bands observed in the FT-IR and FT-Raman spectra of this
compound are assigned to the various modes of vibration. Most of the modes have wave numbers in the
range suggested by previous assignments found in literature in the case of related molecules. The bond
lengths lie between the values for the single and double bonds are typical of aromatic compounds.. The
HOMO- LUMO energy gap calculated at the B3LYP/6-311G(d,p) level reveals the chemical activity and
Kinetic stability of the molecule. The thermodynamic calculations reveal that all the thermodynamic
parameters increase with increase in temperature.
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