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ABSTRACT

The title compound C26H23N3O3S was synthesized by Steglich esterification of 4-[(6-ethoxy benzothiazol-2-yl) diazenyl] phenol with 
Indan-2-ylacetic acid. Density functional theory at the B3LYP/TZ2P level was employed to calculate structural properties like, UV-
Visible, FT-IR, HOMO-LUMO, Band gap energy and Hirshfeld surface. The Theoretical results of UV-Visible and FT-IR spectra 
were compared with the experimental results. Hirshfeld surface analysis was carried out for displaying the all intermolecular 
interactions by quantifying them in 2D finger print plot within the crystal and study confirms the important role of π→π stacking 
interactions.
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INTRODUCTION

Benzothiazole is one of the most important heterocyclic compounds which have received overwhelming response owing to its 
diversified molecular design and remarkable biological importance [1]. Benzothiazole is a thermally stable electron-withdrawing 
moiety with numerous applications; it is also used as a potential component in Nonlinear Optics (NLO) for an example riluzole. 
In the literature many efforts have done to study of the azo bridged benzothiazole derivatives. 6-methoxy substituted alkoxy 
benzothiazole azo compounds show the mesogenic properties [2] and unsymmetrical azo methane substituted benzothiazoles exhibit 
very good opto-electrical properties [3]. Some of the 6-substituted benzothiazole azo compounds containing alkyl ester groups were 
synthesized and found to that, they exhibit anisotropic properties [4]. In recent years, benzothiazole moiety based LC compounds 
containing azomethine (–C=N–), azo (–N=N–) and ester (–COO–) as central linkages have been extensively studied, because 
benzothiazole molecule is considered as a good mesogen forming moiety [5]. The emerging applications of azo benzothiazole 
compounds have recently been reported in medical studies as potential sensitizers for Photodynamic Therapy (PDT), optical data 
storage, non-linear optics and Liquid Crystal Displays (LCDs) [6-9]. As a result, encouraged by optical and pharmacological 
properties of the Benzothiazole and in continuation of our interest in the synthesis of benzothiazole analogues [10-12], In order 
to understand molecular/electronic structure and properties of the benzothiazole ester derivatives, here we compared the results of 
experimental and theoretical investigations for our target ester compound.

EXPERIMENTAL SECTION

MATERIALS AND METHODS

Reaction was performed in two necked 100 mL round bottom flask. The glass wares were previously rinsed with acetone and dried in 
hot air oven. The melting point (m.p.) was determined by open capillary method and was uncorrected. UV-Vis spectrum was recorded 
by UV-Visible spectrophotometer, Systronics-118. Infrared Spectra was recorded on a PerkinElmer Spectrum Version 10.03.09 and 
readings were taken over the range of 600-4000 cm-1. The quantum chemical calculations (DFT calculations) giving the molecular 
geometries of the minimum energies and molecular orbitals were performed by using the firefox -811. Energy gaps of the frontier 
orbitals of the crystal (HOMO–LUMO) have been determined with the B3LYP/6-31G/DP level of theory by using GAMESS software.
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Synthesis and crystallization
Synthesis of (E)-4-[(6-ethoxy benzothiazol-2-yl)diazenyl] phenyl 2-(2,3-dihydro-1H-inden-2-yl)acetate: A mixture of Indan-2-
ylacetic acid (0.26 g, 0.0015 mol) and DCC (0.276 g, 0.00134 mol) in MDC (10 mL) was cooled to 0ºC, to that (E)-4-[(6-ethoxy 
benzothiazol-2-yl) diazenyl] phenol (0.4g, 0.00134 mol) and DMAP (0.164 g, 0.00134 mol) were added, the resulting suspension 
was stirred for 10 hrs. After completion of the reaction, it was filtered and filtrate was quenched into water (20 mL) and extracted 
with MDC (2 × 20 mL), dried over sodium sulphate and evaporated to dryness to get crude material, which was purified by column 
chromatography The eluent was evaporated and recrystallized from ethanol, the red colored needle shape crystal was filtered and 
dried (0.32 g, 55%) to get title compound (Melting point: 130-131ºC).
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Scheme 1: Synthetic scheme

RESULT AND DISCUSSION

UV-vis spectral analysis
For the compound 3 the UV-vis spectra absorption spectra have been measured in Caron tetrachloride solution at room temperature. 
To compare the experimental spectra with theoretical values TD-DFT method has been applied to predict the uv-vis spectra based 
on the B3LYP/6-31G/DP level optimized structure.

Both the experimental and predicted UV-Vis spectrum of the compound is shown in Figure 1. From the graph, it is observed that, 
the compound shows absorption peak at 398.5 nm, it is due to the transition of the electron n→π* transition of the ester group and 
absorption peaks at 426.5 nm, due to π→π* of the N=N group. In DET studies UV-vis spectra shows the peaks at 389.27 nm and 
445.96 nm and its electronic contributions are shown below.

Figure 1: Experimental and theoretical vibrational spectrum (PBE/TZ2P theory level) of the crystal

Wavelength (nm): Electronic transition mode
445.96: HOMO->LUMO (96%)
389.27: H-3->LUMO (90%)

FT-IR spectral analysis
The theoretical and experimental Fourier Transform Infrared Spectrum (FT IR) of the crystal is shown in the Figure 2. The 
experimental IR vibration frequencies are assigned as follows (DFT calculated values are within parenthesis). Comparison of the 
vibrations frequencies calculated at B3LYP/6-31G/DP method and experimental methods are tabulated in Table 1. DFT method 



33

Mahesh Bhat et al. Der Pharma Chemica, 2016,8(24):31-36

shows reasonably good agreement with experimental values with minor exceptions. For example C=O stretching frequency was 
found 1775 cm-1 in experimental method and 1727 cm-1 in theoretical method.

TD DFT calculations
In order to study the characteristics of the electronic transition and oscillator strength of the compound, a single-point, time dependent 
DFT calculations of lowest singlet- singlet transitions were performed by employing the B3YLP functional [13] at scalar relativistic 
ZORA level and the results were listed in the Table 2. In the table shows the energies of Frontier Molecular Orbitals, viz LUMO+1, 
LUMO, HOMO and HOMO-1 calculated using B3LYP density functional calculations. In LUMO+1 electrons are spread over the 
ester, phenyl and azo group, other than indane group, whereas HOMO-1 electrons are located in indane group. In general HOMO 
represents the bonding character and LUMO represents the antibonding character, localized over the molecule and the same concept 
can correlate with our molecule. The major electronic transitions of the compound exhibiting the oscillator strength and assigned to 
S0-S1, which corresponding to the HOMO- LUMO, HOMO-1-LUMO and HOMO-LUMO+1 electronic transition.

Figure 2: Experimental and theoretical FT IR spectrum of the crystal

Functional groups Experimental IR peaks in cm-1 Theoretical IR frequency in cm-1

C=O 1753 1727
Ar-C-H 2913 2996

C=C 1602 1657
N=N 1431 1410
C=N 1552 1520
C-N 1263 1297
C-O 1226 1228

Ali C-C 1168 1156
C-S 946 956

C-H bending 1126 1140

Table 1: Compression of experimental and theoretical FT-IR peaks
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HOMO-LUMO analysis
The frontier orbitals are take part in the chemical reactions, Figure 3 shows the Highest Occupied Molecular Orbitals (HOMO) and 
Lowest Unoccupied Molecular Orbital (LUMO) for the synthesized benzothiazole ester. It has been found that the HOMO is largely 
distributed over the azo group and benzothiazole ring whereas the LUMO is completely delocalized in 4-[(6-ethoxy benzothiazol-
2-yl) diazenyl] phenol. From the above molecular orbital the HOMO-LUMO energy gaps have been evaluated by the DFT method.

Orbital Frontier Molecular Orbital (FMO) Energy (in eV)

LUMO+1 -0.6259

LUMO -2.7293

HOMO -5.7117

HOMO-1 -6.3076

Table 2: Frontier Molecular Orbitals (FMOs) and corresponding energies

Figure 3: HOMO, LUMO and band gap energies of the crystal

From calculating the energies HOMO and LUMO, we can find out the band gap energy as follows.

Band gap energy=ΔEHOMO-ELUMO=-5.789- (-2.8164)=2.9726 eV.

The band gap energy calculation can correlate with the available literature and the values have shown promising in the field of 
organic electronics and Light Emitting Diodes (LEDs).

Arslan and Algul illustrate that, molecular structure and vibrational frequencies of the organic compound in the ground state 



35

Mahesh Bhat et al. Der Pharma Chemica, 2016,8(24):31-36

investigated with different functional theory method (like BLYP, B3LYP, B3PW91 etc.), comparison of the observed fundamental 
vibrational frequencies with experimental results indicates the B3LYP is superior [14]. In the similar way Metia et al. synthesized 
the benzothiazole derivatives and carried out the DFT studies and calculated structural and vibrational studies [15]. Hence in the 
present study we have compared the experimental results with results obtained from DFT method and both methods gives the almost 
same results. 

Hirshfeld surface
The Hirshfeld surface evolved from an attempt to define the space occupied by a molecule in the crystal for the purpose of partitioning 
the crystal electron density into the molecular fragments [16]. In order to investigate the secondary intermolecular interactions we 
have analyzed the Hirshfeld surfaces of the title compound using Crystal Explorer 2.1 [17] and its surface is shown in the Figure 
4a. Hirshfeld surfaces are representative of the electron distribution within the crystal and are calculated as the sum of the electronic 
densities of the isotropic atoms. Identification of the close contacts is made by the normalize contact distance (dnorm) and relative to 
the distance from the surface to the nearest nucleus inside and outside the surface (di and de respectively). 

In the dnorm surface (Figure 4b) the large circular depressions are the indicators of hydrogen bonding contacts whereas other visible 
spots are due to H–H contacts. The dominant H–O interactions in title compound are evident in the Hirshfeld surface plots are 
indicated by the bright red area, also known as red hot spots (Figure 4d). The curvedness shape index surface of the compound has 
shown (Figure 4c and 4d), to know information about each donor and acceptor pair and shape of the surface patches. Red and blue 
spots in the shape index diagram (Figure 4d) are evenly distributed and it shows the π→π stacking interactions are almost identical 
in the crystal.

 
Figure 4: Hirshfeld surface a) Hf de b) Hf dnorm c) curvedness and d) shape index of the compound

Figure 5 shows the breakdown of two dimensional finger print plots of the HS for the structure. By the analyses of the fingerprint 
plots de with di we can elucidate the division of contribution is possible electronic for different interactions. In the finger print plots 
one molecule act as a donor (de>di) and other as an acceptor (di>de). Here O–H/H–O and N–H/H–N interactions are appearing as two 
distinct spikes in the finger print plots and they are distributed symmetrically, for the contributions of S and O to the others di>de, 
so it can behave as acceptor atom. Blue triangles represent the convex regions due to the ring carbon atoms of the molecule inside 
surface. Red regions are due to the π stacked molecule above it.

Figure 5: Fingerprint plots: Full (upper left) and different intermolecular interactions within the compound showing percentage contact 
contributed to the total Hirshfeld surface area of the molecule
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Figure 6 shows the relative contributions of intermolecular interactions of the all the elements present in the crystal, by comparing 
the different elemental contribution to the HS feld surface C–H/H–C contributions taking the major and it contributes 20.3 % of the 
total, followed by O–H/H–O (8.8 %) taking the importance. Here intermolecular interactions of O–H/H–O (8.8 %) is more compare 
to that of N–H/H–N (6.9 %) and S–O/ O–S (1.5 %), the enhance intermolecular interactions in O–H/H–O is due to the easy H-bond 
formation of the O and H atom.

Figure 6:  Relative contribution of various intermolecular interactions to the Hirshfeld surface area

CONCLUSION

Single crystal was grown by the slow evaporation method and by NMR analysis confirms the formation of title compound. The DFT 
based UV-Vis and FT-IR calculations were good agreement with the experimental results. Both HOMO and LUMO is delocalized 
over the benzothiazole and Azo phenyl group, less contribution from the oxygen atom of the ester group, whereas the HOMO-1 
from indane group and LUMO+1 are contribution from ester group. Hirshfeld surface analysis was carried out for displaying the 
all intermolecular interactions by quantifying them in 2D finger print plot within the crystal and study confirms the important role 
of π→π stacking interactions.
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