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Abstract

In this work, the UV-Vis spectra of 2-ethylthiophenothiazine have been performed experimentally and computed in
the range of 200-400 nm using DFT calculations. The FT-IR spectra of the molecule have been taken in the region of
4000-600 cm-1 and Raman spectra are recorded in the range of 4000-400 cm-1.The UV-Vis absorption spectra
obtained theoretically from time-dependent density functional theory (TD-DFT) calculations have been studied and
matched with the experimental spectra. The electronic properties of the compound for example excitation energy,
maximum absorption wavelength (Amax), HOMO energy, LUMO energy, oscillator strength (f), global softness, global
hardness, chemical potential etc. are figured out by TD-DFT using 6-311++G(d, p) basis set at B3LYP level. The first-
order hyperpolarizability (), polarizability (a) and the electric dipole moment (i) have been calculated for the
assessment of the non-linear response of 2-ethylthiophenothiazine by DFT. The calculations of the temperature
dependence of parameters like enthalpy, heat capacity and entropy have been computed with the temperature
variation of 100-1000 K using the DFT vibrational calculations. All the performed assessments for the experimental
and theoretical study exhibited a noble correlation and are expected to be very valuable for pharmaceuticals aspects.
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1.Introduction

Phenothiazines and their derivatives are
heterocyclic compounds that contain sulphur and
nitrogen. These compounds are used to treat
schizophrenia, bipolar disorders and other
psychotic disorders which involve delusional
manifestations. Phenothiazines are also used to
control vomiting and nausea. Phenothiazines, after
being synthesized in 1883, were used for
antipsychotic treatment in USA in the 1950s [1-3].

Recent studies on the effectiveness of
phenothiazines in the treatment of cancer like
glioblastoma showed that it induced G1-phase
arrest of cancer cells, suggesting a cyclin reduction

and stimulating replication of DNA with Cycline
inhibiting compounds [4]. Phenothiazines also show
anti-helminths properties like Trypanosoma brucei
as they inhibit trypanothione reductase and cause
cell cycle abnormalities and a decrease in the S
phase, parasite accumulation in the G2 phase,
reducing the nucleus creation in the parasite [5].
Phenothiazine derivatives are very bio-active and
have a rich history with applications in the field of
medicine and dyes. Methylene blue, a derivative,
was a primitive drug used to treat malaria, and a few
other derivatives are being investigated to treat
infections. Phenothiazine has a prototypical
pharmaceutical lead structure.
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Other derivatives have also been under study for
their possible usage in fuel cells and advanced
batteries [6].Derivative promethazine has good
antihistamine activity and strong sedative
properties. It is used for allergies and for
anaesthesia. Chlorpromazine is observed to act as a
strong sedative and soothing agent[7].A derivative
of thioridazine is been found to make the XDR-
Tuberculosis susceptible to drugs[8-10].

The current work deals with the study of 2-
ethylthiophenothiazine (Figure 1). PASS online [11]
is used to predict the biological activity of 2-
ethylthiophenothiazine. This test predicted that the

molecule is more likely to act as Flavin-laded
monooxygenase substrate, FMO3 Substrate,
Anaphylatoxin receptor antagonist, Nicotinic

alpha4beta4 receptor agonist, Mucomembranous
protector, Antinaupathic agent, Antihelmintic agent,

9

Gastrin inhibitor, Muscular dystrophy treatment
and many other applications. The molecule2-
ethylthiophenothiazine is also tested for drug
likeliness with the help of the web tool SwissADME
[12] which applies five rule-based filters which are
analysed by major pharmaceutical companies. The
molecule 2-ethylthiophenothiazinepasses all five
filters Lipinski (Pfizer), Egan (Pharmacia), Veber
(GSK), Ghose (Amgen) and Muegge (Bayer) given by
pharmaceutical companies as shown inside
brackets. The result predicts that the molecule has
the potential to be used as oral drugtreatment of
various diseases.

In this work, 2-Ethylthiophenothiazine is
characterized using UV-Vis,Infrared and Raman
spectroscopy. Vibrational analysis, non-linear
optical analysis and computation of thermodynamic
parameters have been doneusing DFT.

3

Fig. 1 Structure of 2-ethylthiophenothiazine.

2. Experimental Details

The molecule 2-ethylthiophenothiazine was
purchased from TCI Chemicals, Japan with greater
than 97% purity for UV-Vis, FT-Raman and FT-IR
spectroscopic investigation.The absorption
spectrum of the compound is recorded in the range
200 nm-500 nm with DMSO, ethanol and methanol
as solvents. FT-IR spectra is obtained in the range
0f4000-600 cm-1 with Bruker Tensor 37 FT-IR
spectrometer and Raman spectra has been obtained
in the range 0f 4000-400 cm-1at Jamia Millia Islamia
University, Delhi.

3.Computational Details
The calculations related to the UV-Vis absorption

spectrum of the optimized structure of the
compound are computed by using time-dependent
DFT (TD-DFT).The absorption wavelengths, HOMO-
LUMO energies and oscillator strengths are
computed by TD-DFT atthe B3LYP levelusing the
optimized structure in various solvents (DMSO,
ethanol and methanol). The non-linear optical (NLO)
properties of the molecule have been computed by
Gaussian 09 software using B3LYP/6-311++G(d,p)
as a basis set. Vibrational modes were visualized by
the GaussView program. Wavenumbers for the
vibrationalassignments and the PED calculations are
performed using VEDA program. Variations in
thermodynamic properties such as enthalpy,
entropy and heat capacity are computed in the
region 100 K - 1000 K using the vibrational data
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obtained using DFT with Gaussian 09 software.

4. Results and discussions
4.1 UV-Vis spectra and HOMO-LUMO energies

The absorption spectrum (Figure 2) of the
compound shown in Figure1 is recorded in the range
200 nm-500 nm with DMSO, ethanol and methanol
as solvents. UV calculations have been performed on
the optimized structure of 2-ethylthiophenothiazine
for the determination of low-lying excited states of

the compound using DFT with
B3LYP/6311++G(d,p) as a basis set. The results that
involve excitation energies (E), wavelength (Amax),
oscillator strength (f) and the possible transitions
have been shown in Table 1. The experimental
values of Amaxare 338.1 nm, 328.1 nm and 327.5 nm
for solvents DMSO, ethanol and methanol
respectively. So, the solvent effect is clearly visible
from the results that the peaks at higher wavelength
shift towards lower wavelength as the solvent’s
polarity increases.

Absorbance (a.u)

—— Ethanol
Methanol’
— DMSO

i3 T T T
200 250 300

T 2 T T
350 400 450

Wavelength (nm)
Fig.2 Experimental UV-Vis spectra of 2-ethylthiophenothiazine.

Table 1: Excitation energies, wavelengths and oscillator strength of 2-ethylthiophenothiazine
using B3LYP/6311++G(d,p) basis set.

Solvents Experimental | B3LYP/6311++G(d,p) Contribution
Amax(nm) Amax E(eV)
343.49 | 3.6096 | 0.0011 | HOMO to LUMO (97%)
DMSO 2381 319.78 | 3.8772 | 0.0559 | HOMO to L+1 (92%)
' 307.78 | 4.0284 | 0.1399 | HOMO to L+2 (90%), H-2 to LUMO (2%), H-
1 to LUMO (4%), HOMO to L+1 (2%)
343.53 | 3.6091 | 0.0011 | HOMO to LUMO (97%)
319.75 | 3.8775 | 0.0534 | HOMO to L+1 (92%)
Ethanol ) 328.4 307.84 | 4.0275 | 0.1348 | HOMO to L+2 (90%), H-2 to LUMO (2%), H-
1 to LUMO (4%), HOMO to L+1 (2%)
34343 |3.6102 | 0.0010 | HOMO to LUMO (97%)
319.43 | 3.8799 | 0.0523 | HOMO to L+1 (92%)
Methanol | 327.5 307.65 | 4.0300 | 0.1307 | HOMO to L+2 (89%), H-2 to LUMO (2%), H-
1->LUMO (4%), HOMO to L+1 (2%)

The Highest occupied molecular orbital (HOMO) and
Lowest unoccupied molecular orbital (LUMO)
energies (Figure 3) tell us about the electron affinity
and ionization potential of the compound. The
energy gaps between these energy levels tell us

about the chemical stability and electrical
conductivity of the molecule. The LUMO and HOMO
energies of the optimized structure of the molecule
in the three solvents have been computed using DFT
as shown in Table2.
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Table 2: HOMO and LUMO (in a.u) energies of 2-Ethylthiophenothiazine with B3LYP/6311++G(d,p)

basis set.
Solvents EHOMO ELUMO EHOMO-1 ELUMO+1 ELUMO- ELUMO+1-
EHOMO EHOMO-1
DMSO -0.198 -0.03546 -0.22888 -0.03114 0.16254 0.19774
Ethanol -0.19772 -0.03524 -0.22869 -0.03096 0.16248 0.19773
Methanol -0.19786 -0.03535 -0.22878 -0.03105 0.16251 0.19773
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Fig. 3HOMO and LUMO figures of 2-ethylthiophenothiazine

4.2 Non-linear Optical (NLO) properties

The NLO properties are of great significance in the
field of optoelectronics and short-pulsed lasers. The
NLO activity can be explained using the values of
Polarizability (o), Hyperpolarizability () and dipole
moment (). Molecular polarizability arises due to
changes in phase, frequency, amplitude etc when the
molecule interacts with electric fields [13-14].

The mean polarizability <a>, dipole moment p and
the total first order hyperpolarizability (totalare
calculated and are shown in Table3.

The values of first-order hyperpolarizability are
86.6969 a.u, 85.6722 a.u. and 86.1861a.u. for
solvents DMSO, ethanol and methanol respectively.
Such high values of ptotal suggest that our
compound is an attractive object for applications in
the field of NLO activity.

Table 3: Dipole moment (in Debye), polarizability (in a.u.) and first-order hyperpolarizability in
(a.u.)of 2-ethylthiophenothiazine.

Parameters B3LYP/6-31++G (d, p)

DMSO Ethanol Methanol
Th¢ 0.9515 0.9484 0.9500
ThY -4.7914 -4.7303 -4.7610
Uz -0.1675 -0.1672 -0.1673
utotal 4.8878 4.8274 -4.8577
XX -107.7934 -107.7965 107.7948
oxy -5.1971 -5.1664 -5.1818
ayy -101.3702 -101.4782 -101.4241
OXZ 5.3717 5.3284 5.3501
ayz -3.6851 -3.6640 -3.6746
ozz -122.9822 -122.9609 -122.9716
Mean polarizability<a> -110.7152 -110.7452 -110.7302
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Bxxx -16.0305 -15.6222 -15.8261
Bxxy -56.6873 -56.0912 -56.3905
Bxyy 10.6476 10.6415 10.6447
Byyy -23.4343 -23.0361 -23.2358
Bxxz -15.0020 -14.9807 -14.9913
Bxyz -3.9173 -3.9000 -3.9087
Byyz -2.1980 -2.1941 -2.1960
Bxzz 11.4396 11.4244 11.4320
Byzz -5.1206 -5.0492 -5.0850
Bzzz 2.5902 2.5968 2.5936
Bx 6.0567 6.4437 6.25

By 85.2422 84.1765 84.7113
Bz -14.6098 -14.578 -14.5937
BTotal 86.6969 85.6722 86.1861

4.3 Vibrational Analysis

The FT-IR spectrum is obtained in the range 600-
4000 cm-1 and the FT-Raman spectrum is obtained
in the range 400-4000 cm-1. The molecule 2-
ethlylthiophenothazine has 30 atoms and 84 modes
of vibration. The calculated wavenumbers by

theoretical DFT analysis are overestimated as
compared to experimental wavenumbers as the
anharmonic vibrational contribution is not taken
into account. Thus, scaling factorsfor computed
wavenumbers are used for different possible
vibrational modes to match with the experimental
wavenumbers are given in Table 4.

Table 4: Scaling factors of computed wavenumbers for various vibrations of 2-
ethylthiophenothiazine.

Vibrational modes Scaling factor
Stretching (v) N-H 0.9997
Stretching (v) C-H 0.9746
Stretching (v) C-C and (v) C-S 0.9805
In-plane bending (f3) 0.9394
Torsion (1) 0.9792
Qut-of-plane bending (y) 0.9841
w
WW B3LYP/6-311++G(d,p)
=
Experimental
0 S00 1000 1500 2000 2500 3000 3500 4000

Wavenumber (cm'])

Fig. 4 Theoretical and Experimental FT-IR spectra of 2-ethylthiophenothiazine.
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Fig. 5 Theoretical and Experimental FT-Raman spectra of 2-ethylthiophenothiazine.

The theoretical computed FT-IR and FT-Raman
spectra with the experimental spectra are shown in
Figure 4 and Figure 5 respectively. The fundamental
modes of 2-ethlylthiophenothazine are allocated
based on calculated vibrational wavenumbers. The
experimental wavenumbers, scaled and unscaled
(using the scaling factor given in Table 4) computed
wavenumbers and detailed vibrational assignments
based on potential energy distribution (PED)
obtained by VEDA 4 program are shown in Table 5.
The possible vibrational modes are

C-C Vibrations-The C-C stretching (v) vibrational
modes are observed in the region 1700-1500 cm-1
[15].In 2-ethlylthiophenothazine, the strong to weak
vC-C modes are observed at 1560, 1294, 974 and
850 cm-1 in the FTIR region and at 1584, 1561,
1292, 979, 851 cm-1 in the FT-Raman region. The
bending modesf3 C-C-C are observed at 1036, 850
and 630 cm-1 in the FTIR region and very strong to
weak vibrations at 1070, 1062, 1044, 851 and 674
cm-1 in the FT-Raman region. The torsion
vibrational modes t C-C-C-C are observed at 916 and
798 cm-1 in the FTIR spectrum and at 925, 791 and
475 cm-1 in FT-Raman region.

C-H Vibrations-Colthup et al. [15] reported the
region of aromatic vC-H vibrations from 3100-300
cm-1.In  2-ethlylthiophenothazine, the vC-H
stretching modes are observed at 3054 and 2970

cm-1in the FTIR region and at 3067, 3047 and 2964
cm-1 in the FT-Raman region. The in-plane H-C-H
bending modes are observed at 453 and 362 cm-1 in
the IR spectra and at scaled wavenumbers 1414,
1402 and 1397 cm-1. The vH-C-C bending modes are
observed at 1103 cm-1 in the FTIR region and
at1237 and 1070 cm-1 in the Raman spectra and at
scaled wavenumbers 1425, 1403, 1371 and 1227
cm-1. The HCCC torsion is observed at 916 and 925
cm-1 in the IR and Raman spectra respectively.

N-H Vibrations-The vN-H vibrational modes are
observed at 3602 cm-1 in the FTIR region and at
3580 cm-1 in the FT-Raman region. The bending
mode N-H is observed at scaled wavenumber 1440
cm-1. The very strong 3 H-C-N mode is observed at
1584 cm-1 in the FT-Raman Spectra. Thef3 H-N-C
mode is observed at scaled wavenumber 1440 cm-1.
C-N Vibrations-The vC-N vibration is observed at
1148 cm-1 in the FT-Raman region. The out-of-plane
bending y C-N mode is observed at 1103 cm-1 in
thelR region and at 686 cm-1and at 686 cm-1 in the
Raman spectra.

C-S Vibrations- The vC-S vibrational modes are
observed at 850 cm-1 in the FTIR region and at 851,
519 and 475 cm-1 in the FT-Raman Spectrum. The
torsion mode tH-C-C-S is observed at 743 cm-1 in
the FTIR region and at 750 and 7733 cm-1 in the
Raman spectra. The torsion modes are also observed
at scaled wavenumbers 1414 and 1217 cm-1.
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Table 5: The experimental and theoretical wavenumbers of FT-IR and FT-Raman and vibrational

assignments.
S. Experimental B3LYP/ Probable Assignments (>10%)
No Wavenumber (| 6311++G(d,p)
cm-1) Computed
wavenumber (cm-
1)
FTIR RAMAN Unscale | Scaled
d
1 3602(w) | 3580(vw | 3603 3602 v[N10-H25](100)
)
3358(m)
3351(s)
2 3195 3114 v[C6-H21 (14) + C7-H22 (57)+ C8-H23(27)]
3 3188 3107 v[C3-H19 (58) + C4-H20 (41)]
4 3182 3100 v[C1-H18] (95)
5 3181 3099 v[C8-H23(49) + C6-H21(38)]
6 3173 3091 v[C6-H21 (46)+ C7-H22 (37)+ C8-H23(13)]
7 3172 3090 v[C4-H20 (58)+ C3-H19 (40)]
8 3067(vs) | 3153 3073 v[C9-H24](53)
9 3054(vw | 3047(s) | 3110 3031 v[C16-H26 (11)+ C16-H27 (12)+ C17-H29 (39)+
) C17-H30(38)]
10 3098 3019 v[C17-H28 (61)+ C17-H29 (18)+ C17-H30(19)]
11 2970(vw | 2964(m) | 3083 3005 v[C16-H26 (39) + C16-H27 (40) + C17-H29 (11)+
) 2918(s) C17-H30(11)]
2152(vs)
2322(w) | 2098(vs)
2102
(vw)
12 3039 2962 v[C16-H26 (51) + C16-H27(47)]
13 3034 2957 v[C17-H28 (38)+ C17-H29 (31)+ C17-H30(31)]
14 1634 1602 v[C7-C8 (13)+ C12-C6(18)]
15 1584(vs) | 1627 1595 v[C7-C8 (12)+ (9-C13(22)] + PB[H25-N10-
1560(s) 1561(s) C14](16)
16 1618 1586 v[C3-C4 (22)+ C7-C8 (11)+ C14-C11(13)]
17 1596 1565 v[C2-C1 (22)+ C14-C11(17)]
18 1533 1440 B[H25-N10-C14](28)
19 1517 1425 B[H19-C3-C4 (11) + H18-C1-C2 (10) + H20-C4-C3
(14)+ H21-C6-C7 (11) + H24-C9-C13(10)]
20 1505 1414 B[H28-C17-H30 (10)+ H29-C17-H28 (11) + H30-
C17-H29(51)] + t[H29-C17-C16-S15 (11) + H30-
C17-C16-S15(10)]
21 1494 1403 B[H28-C17-C30 (38)+ H29-C17-H28(38)] +
t[H28-C17-C16-S15](15)
22 1453(vs) 1493 1402 B[H27-C16-H26](58)
23 1487 1397 B[H27-C16-H26](19)
24 1362(m) 1459 1371 B[H22-C7-C8 (19) + H23-C8-C9(16)]
25 1418 1332 B[H28-C17-H30 (35)+ H29-C17-H28 (35)+ H30-
C17-H29(27)]
26 1396 1369 v[C1-C14 (13)+ C2-C1(11)] + B[H19-C3-C4](19)
27 1330 1304 v[C6-C7 (12) + C8-C9 (18) + C12-C6(14)]
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28 [ 1294(s) | 1292(m) | 1329 1303 | v[C2-C1 (24) + C3-C4 (10) + C4-C11(13)]

29 1306 | 1227 | B[H18-C1-C2 (13)+ H20-C4-C3(16)]

30 1295 | 1217 | t[H27-C16-S15-C2 (26)+ H26-C16-S15-C2(13)]

31 1273 | 1196 | v[C4-C11 (11) + C12-C6 (17) + N10-C13(22)] +
B[H21-C6-C7](17)

32 1237(vs) | 1269 1192 B[H26-C16-C17] (45)+ t[H27-C16-C15-C2 (14)+
H26-C16-S15-C2(19)]

33 1259 | 1183 | v[C9-C13 (19) + N10-C13(11)] + P[H24-C9-C13
(18)+ H20-C4-C3(11)]

34 1148(vw | 1256 | 1232 | v[C1-C14 (15) + C4-C11 (10)+ N10-C14(17)] +

) B[H18-C1-C2](18)

35 1118(s) | 1183 | 1111 | v[C7-C8](10) + B[H22-C7-C8 (30) + H23-C8-C9
(34) + H24-C9-C13(10)]

36 | 1103(s) 1169 | 1098 | v[C3-C4](26) + B[H19-C3-C4 (40)+ H20-C4-
C3(11)]

37 1146 | 1077 | v[C6-C7 (27)+ C8-C9(14)] + B[H22-C7-C8](15)

38 1070(vs) | 1118 1050 B[H20-C4-C3 (14) + C4-C11-C14(14) + C2-C1-
C14(21)]

39 1062(s) | 1085 | 1019 B[C7-C8-C9 (12)+ C12-C6-C7(30)]

40 1074 | 1009 | v[C17-C16](26) + T[H30-C17-C16-S15 (20)+ H29-
C17-C16-S15(20)]

41 [ 1036(vw | 1044(vs) | 1063 | 999 B[C1-C14-C11 (11) + C3-C4-C11 (14) + C4-C11-

) 1031(s) C14(10)]

42 | 974(vw) |979(vw) | 1054 [1033 | v[C6-C7 (14)+ C7-C8(21)]

43 1046 1026 B[H26-C16-C17](26) + T[C17-C16-S15-C2(16) +
H26-C17-S15-C2(13) + H28-C17-C16-S15(10)]

44 990 971 v[C17-C16](63)

45 974 915 [ H23-C8-C9-C13 (34) + H22-C7-C8-C9 (31) +
H21-C6-C12-C13(14)]

46 916(m) 925(w) 946 889 t[C3-C4-C11-C14 (17) + H20-C4-C3-C2 (50) +
H19-C3-C2-C1(26)]

47 938 881 T[H24-C9-C13-N10 (21) + H23-C8-C9-C13 (15) +
H21-C6-C12-C13(31)]

48 850(w) 851(w) 935 878 v[C10-C14 (16)+S15-C2(11)] + B[C3-C4-C11](11)

49 867 814 B[C6-C7-C8 (25) + C7-C8-CI9(15)]

50 853 801 T[H24-C9-C13-N10 (48)+ H21-C6-C12-C13 (19) +
H22-C7-C8-C9(14)]

51 |798(s) |791(vw) | 834 783 7[C2-C1-C14-C11 (12)+ H18-C1-C2-C3(59)]

782(vw)

52 750(vw) | 806 757 B[H26-C16-C17](23) + T[H28-C17-C16-S15 (16)+
H26-C16-S15-C2(29)]

53 | 743(vs) |733(w) | 800 752 1[H20-C4-C3-52 (34)+ H19-C3-C2-C1(52)]

54 712(s) | 758 712 T[H23-C8-C9-C13(27)+ H22-C7-S8-C9 (26)+ H21-
C6-C12-C13(16)]

55 697(s) 745 700 t[H22-C7-C8-C9](10)

56 722 678 v[C14-C11](12) + T[C6-C7-C8-C9 (11)+ C7-C8-CO-
C13 (14)+ C12-C16—C7-C8(15)]

57 686(m) 686(s) 712 698 T[C7-C8-C9-C13 (11) + C12-C16-C7-C8(12)] +
y[N10-C1-C11-C14](12)

58 630(m) 674(m) 694 652 [C7-C8-C9 (26) + C8-C9-C13(16)]

59 691 678 v[C15-C16](33)
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60 589(w) | 681 668 v[C15-C16](40)

61 613 576 B[C3-C4-C11 (10)+ C1-C14-C11 (10) + C8-CO-
C11(13)]

62 593 581 1[H19-C3-C2-C1 (13)+ H25-N10-C14-C13(21)] +
y[N10-C1-C11-C14 (18)+ S15-C1-C3-C2(21)]

63 519(w) | 561 527 V[S15-C2 (10)+ S5-C11(15)] + t[ H25-N10-C14-
C11](24)

64 475(m) | 547 514 v[S15-C2](10) + t[ C9-C8-C7-C6](10)

65 535 503 1[C6-C7-C8-CY (28) + C7-C8-C9-C13 (13) + C12-
C6-C7-C8 (10) + H25-N10-C14-C1(19)]

66 484 475 B[S5-C11-C4](16) + y[S5-C4-C14-C11](15)

67 438 429 1[C3-C4-C11-C4](21) + y[S5-C4-C14-C11](12)

68 435 409 B[S5-C11-C4](18) + T[C12-C6-C7-C8](16)

69 418 393 v[S15-C2](12) + B[S15-C2-C3](15)

70 402 378 B[C17-C16-S15 (19)+ N10-C14-C11(12)]

71 349 328 B[C17-C16-S15 (15)+ C13-N10-C14(14)]

72 322 302 B[S15-C2-C3 (10) + C9-C13-N10(30)]

73 286 280 y[S5-C4-C14-C11 (11)+ S15-C1-C3-C2(26)]

74 269 253 1[C13-N10-C14-C1](10)

75 248 233 v[S15-C2](20) + B[C17-C16-515](29)

76 239 225 T[H30-C17-C16-S15 (24) + H29-C17-C16-S15
(22)+ H28-C17-C16-S15(48)]

77 221 208 B[C16-515-C2](10) + T[C9-C13-N10-C14](20)

78 187 176 B[C16-S15-C2](13) + T[C2-C1-C14-C11](20)

79 140 132 1[C9-C13-N10-C14 (27) + C8-C9-C13-N10(26)]

80 95 89 T[C17-C16-S15-C2 (28) + C9-C13-N10-C14 (10)+
C1-C14-C11-C4(12)]

81 87 82 B[C16-S15-C2 (19)+ S15-C2-C3(26)] + T[C17-C16-
$15-C2](17)

82 84 79 [ C1-C14-C11-C4 (19) + C3-C4-C11-C14 (10) +
C16-515-C2-C1(11)]

83 45 42 B[C13-N10-C14](11) + t[C13-N10-C14-C1 (39) +
C8-C9-C13-N10(16)]

84 11 10 1[C16-515-C2-C1 (69) + C17-C16-S15-C2(16)]

Abbreviations: As per Table 4 and vas= asymmetric
stretching, m= medium, w= weak, vw =very weak, vs
= symmetric stretching, s= strong, vs= very strong.
[Unit in cm-1]

4.4 Thermodynamic parameters
Study of thermodynamic functions such as entropy,

enthalpy and specific heat etc, help in understanding
the vibrational spectra of a molecule [16-18]. The
variation of these parameters with temperature has
been shown in Table 6 and Figure 6. All the
parameters increase with the increase in
temperature.

Table 6: Thermodynamic functions of 2-Ethythiophenothiazine (in Cal. /Mol-K)

T (K) S (J/mol.K) Cp (J/mol.K) ddH (kJ/mol)
100 351.635 104.994 6.887

150 401.132 141.812 13.052

200 447.123 179.999 21.091

250 491.498 219.282 31.071
298.15 533.359 257.028 42.541

300 534.953 258.459 43.018
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350 577.652 296.156 56.892
400 619.527 331.338 72.591
450 660.439 363.469 89.975
500 700.261 392.435 108.885
550 738.904 418.394 129.168
600 776.324 441.633 150.679
650 812.512 462.48 173.291
700 847.484 481.247 196.893
750 881.275 498.214 221.386
800 913.928 513.617 246.688
850 945.494 527.654 272.725
900 976.022 540.488 299.433
950 1005.565 552.258 326.756
1000 1034.171 563.078 354.643
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Fig.6 Variation of thermodynamic parameters of 2-ethylthiophenothiazine with temperature.

Conclusion

The characterization study of 2-
ethylthiophenothiazine has been done with the help
of Gaussian 09 software through DFT using 6-
311++G(d,p) as a basis set. The HOMO-LUMO
energies have been computed by Gaussion09
program. The UV-Vis spectrum of the molecule
agrees well with the related computational data and
clearly visualises the solvent effect. The non-zero
values of first-order hyperpolarizability show that
the compound is non-linear optically active and can
be utilised in applications based on NLOactivity. FT-
Raman and FT-IR studies are performed to compute
the assignments of all possible modes associated
with the molecule. The wavenumber of the observed
vibrational modes is found to match with the
literature and they are well correlated with the
calculated scaled values. The thermodynamic
parameters are computed and plotted with respect
to temperature to show the variations. These

parameters showan increase with respect to
temperature. This studyshows that the selected
molecule is biologically active and will be useful in
various industrial applications.
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