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ABSTRACT

The solid phase Fourier transform infrared (FTIR) and Fourier transform (FT) Raman spectral
analysis of 5-chloro-N-(4,5-dihydr o-1H-imidazol -2-yl)-2,1,3-benzothi adiazol -4-amine
(5CDIBTA) was carried out along with Restricted Hartree-Fock (RHF) and density functional
theory (DFT) calculations (B3LYP) with the 6-31G (d, p) basis set. The thermodynamic
functions of the above molecule were also performed using the RHF and DFT methods. Natural
bond order analysis of the title molecule was also carried out. A detailed interpretation of the
vibrational spectra of the compound has been made on the basis of the calculated potential
energy distribution (PED). The calculated highest occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO) energies show that charge transfer occurs within
the molecule. Comparison of the observed fundamental vibrational frequencies of the molecule
and calculated results by RHF and DFT methods indicates that B3LYP is best fit for molecular
vibrational problems. Comparison of the simulated spectra with the experimental spectra
provides important information about the ability of the computational method to describe the
vibration modes.

Keywords: RHF; DFT; FTIR; FT Raman; PED; Vibrational assignt; HOMO; LUMO.

INTRODUCTION

The 5-chloro-N-(4, 5-dihydro-1H-imidazol-2-yl)-2, 3-benzothiadiazol-4-amine (5CDIBTA) is
ap-adrenergic agonist and centrally active myotonolgkeletal muscle relaxant with a chemical
structure unrelated to other muscle relaxantslflip in a class of medications called skeletal
muscle relaxants, works by slowing action in thaiftband nervous system to allow the muscle
to relax owing to the presence of nitrate grouthmstructure. 5CDIBTA contains two hydrogen
atoms in the cyclic guanidine moiety and existstws tautomers [2].Various studies like
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spectrometric estimation and validation of SCDIBJ3} determination of 5CDIBTA in human
plasma [4] was reported earlier.

To best of our knowledge, no theoretical HartreekH@1F) or density functional theory (DFT)
calculations or detailed Vibrational infrared (IR)d Raman analysis have been performed on
the title molecule. A detailed quantum chemicalestgation will aid in understanding the
Vibrational modes of 5CDIBTA and clarifying the etpmental data available for this molecule.
DFT calculations are known to provide excellent rdiibnal wave numbers scaled to
compensate for the approximate treatment of eleatoorelation, for basis set deficiencies and
anharmonicity effects [5-10]. DFT is the best methiather than the ab initio method for the
computation of molecular structure, Vibrational waumber and energies of molecule [11]. In
this work by using the HF and B3LYP methods, wewated the Vibrational wavenumbers of
5CDIBTA and molecular geometric parameters. Thedeutations are available for providing
insight into the Vibrational spectra and molecydarameters.

MATERIALSAND METHODS

2.1. Experimental

The spectrometric pure sample of 5CDIBTA was predudrom reputed pharmaceutical forms in
Chennai, India and used as such without any funtheification. The FTIR spectrum of the
5CDIBTA was recorded over the region 4000-400"dwy using globar source adopting the KBr
pellet technique at Sophisticated Analytical Instemtation Facility (SAIF), IIT, Chennai. The
FT-Raman spectrum was recorded on a Nexus 670rspetter at central Electro Chemical
Research Institute Laboratory, Karaikudi, IndiaeThser frequency of 15,798 ¢rwas used as
the excitation source. The spectrometer is fitteth van XT-KBr beam splitter and a DTGS
detector. A base line correction was made for geetsum recorded.

Experitental
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Fig. 1. Comparativerepresentation of FTIR spectrafor 5SCDIBTA
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Fig. 2. Comparative representation of FT Raman spectrafor 5CDIBTA

The experimental and theoretically predicted FTHI & T Raman spectra of 5CDIBTA with
their scaled frequencies using scaled factorsdohenode are respectively shown in Figs. 1 and
2 for comparison.

2.2. Computational Details.

The entire calculations were performed at RHF aldlY8® levels on a Pentium iv/1.6GHZ
personal computer using the Gaussian 03W prograokaga [12]. The geometries first
optimized at the RHF level of theory employing 8881G(d, p) basis set. DFT employed the
B3LYP keyword which invokes Becker's three parametgbrid method [11] using the
correlation function of Lee et al [13]. The optimik structural parameters were used in the
Vibrational frequency calculations to character&kestationary points as minima. DFT offers
electron correlation which is frequently comparaiodlesecond order Moller-plesset theory MP2
[14, 15] vibrational frequencies. To compensatersrarising from the basis set in completeness
and neglect of Vibrational anharmonicity we havalsd the frequencies with scaling factor,
0.903(HF) [16] and 0.961(B3LYP) [17]. Next the spam was analyzed in terms of the PED
contribution by using the VEDA program [18]. Finalthe calculated normal mode Vibrational
frequencies also provide the thermodynamic progerthrough the principle of statistical
mechanics. The assignments of the calculated waveers supported by the animation option
of chemcraft a graphical interface for Gaussiargmammes, which gives a visual presentation of
the shape of the Vibrational modes [19].

RESULTSAND DISCUSSION

3.1. Molecular geometry

The optimized molecular structure for SCDIBTA iretQround state was computed by the RHF
and B3LYP calculations computed by the 6-31G (dhgmis set. The values of the total energy
for 5CDIBTA from the RHF and B3LYP calculation bynploying the 6-31G9d,p) basis set are
found to be -1474.6813a.u and -1479.904la.u, régplgc The calculated geometrical
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parameters (bond lengths and bond angles) wereareahpwith experimentally obtained x-ray
diffraction (XRD) data values [20]. As the experime values for 5CDIBTA are known, the
theoretically calculated values may give an ideaua the geometry of the molecule changes
from the ab initio method of calculation and the TDRethod of calculation. The optimized
structural parameters of 5CDIBTA from the RHF/@31d ,p) and B3IYP/6-31G (d, p)
calculations and the XRD values are listed in Tdhlen accordance with the atom numbering
scheme given in Fig. 3. The slight deviation in DXKlata from the computed geometry is
probably due to the fact that the intermoleculd@eriactions in the crystalline state are dominant.
The B3LYP method leads to geometry parameters,iwéiie close to experimental data [20]. A
statistical treatment of these data shows thattheibond lengths, B3LYP/6-31G (d, p) is better
than the RHF/6-31G (d, p) geometry.

Table 1.0ptimized parametersof 5CDIBTA at B3LYP and RHF with 6-31G(d,p) basis set

Bond length(A) Bond angle®)

| HF | DFT | Reference | RHF[ DFT| Referente
N1-S2 1.62 1.647 1.2924 S2-N1-C5 108 107 1178
N1-C5 1.3 1.337 1.26 N1-S2-N3 98.4 99.6 96.2
S2-N3 1.616 1.639 1.696 N1-C5-C4 112.7 113 1110
N3-C4 1.3 1.338 1.26 N1-C5-C9 126.4 126 129.0
C4-C5 1.442 1.456 1.337 S2-N3-C4 108 106.9 104)0
C4-C6 1.435 1.421 1.337 N3-C4-C5 112.9 113.4 1110
C5-C9 1.452 1.445 1.337 N3-C4-C6 126.8 125.6 1290
C6-C7 1.339 1.368 1.337 C5-C4-C6 120.3 121 120/0
C6-H17 1.073 1.083 1.1 C4-C5-C9 120.9 120.9 1200
C7-C8 1.449 1.424 1.3372 C4-C6-C7 117.5 117.3 120|0
C7-H18 1.073 1.084 1.1 C4-C6-H17 120 120.3 120.p
C8-C9 1.35 1.392 1.337 C5-C9-C8 115.4 114.7 1200

C8-Cl16 1.739 1.759 1.719 C5-C9-N10 120.9 124.3 .azo0
C9-N10 1.39¢ 1.38¢ 1.26¢€ C7-C6-H17 122t 122.¢ 120.(

N10-C11  1.385 1.395 1.266 C6-C7-C8 1221 121.9 QaL20]
N10-H19  0.997 1.013 1.05 C6-C7-H18 120.8 120.5 az20
C11-N12  1.25¢ 1.28i 1.2¢ C8-C7-H18 117.1 117.5 120.(
C11-N15 1.38 1.388 1.266 C7-C8-C9 123.8 124.2 1200
N12-C13  1.455 1.468 1.47 C7-C8-Cl16 115.6 116.6 .azo0
C13-C14  1.54¢ 1.55¢ 1.1t Cg-C8-Cl16 120.t 119.% 120.(

C13-H20  1.087 1.095 1.113 C8-C9-N10 123.4 120.8 .20
C13-H21  1.084 1.099 1.113 C9-N10-C11 125.6 132.3 0.a2
C14-N15  1.462 1.474 1.47 C9-N10-H19 114.3 1145 .azo0
Cl14-H22  1.083 1.099 1.113 C11-N10-H19 109.6 109.4 20.a
C14-H23  1.087 1.094 1.113 N10-C11-N12 121.2 119 Bl24
N15-H24  0.996 1.016 1.05 N10-C11-N15 120.8 122.7 482
r 0.8405 0.8486 N12-C11-N15 118 118.2 111.
C11-N12-C13  106.7 105.5 104.0
C11-N15-C14 105.1 104.7 108.0
C11-N15-H24 1154 1154 126.0
N12-C13-C14  105.3 105.7 112.3
N12-C13-H20  109.6 1111 108.7
N12-C13-H21 1111 109.5 107.8
C14-C13-H20 111.2 1125 108.7
C14-C13-H21 1123 110.9 107.8
C13-C14-N15 1016 101.4 104.7
C13-C14-H22  113.3 1115 110.6
C1:-C14-H23  111f 113.5 112.2
H20-C13-H21  107.3 107.1 111.4
N15-C14-H22  111.2 1111 110.6
N15-C14-H23  110. 111.2 112.2
C14-N15-H24 116.6 1171 126.0
H22-C14-H23  108.3 108.3 106.5
r 0.820¢ 0.792¢
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Fig.3.Numbering system adopted in the molecular Structure of 5SCDIBTA

The correlation Coefficient (r) for bond lengtt@mputed from the DFT and RHF methods with
the experimental values were found to be 0.84820a8409, respectively. Similarly, the ‘r’ for
bond angles computed from the DFT and RHF methaotlstihe experimental values were found
to be 0.7925 and 0.8209, respectively. It can heddérom the ‘r’ values that the theoretical
predictions are not in good agreement with the expntal value for bond angles.

3.2. Natural population Analysis

The calculation of effective atomic charges plays important role in the application of
guantum mechanical calculations to molecular systédur interest here is in the comparison of
different method (RHF and DFT) to describe the tetecdistribution in 5CDIBTA as broadly as
possible, and to assess the sensitivity of theutatled charges to changes in the choice of the
guantum chemical method. The calculated naturamiatocharge values from the natural
population analysis (NPA) and Mulliken populatianalysis (MPA) procedures using the RHF
and DFT methods are listed in Table 2.The NPA ftbennatural bonding orbital (NBO) method
is better than the MPA scheme. Table 2, compareatthmic charge site of 5CDIBT#om both
MPA and NPA methods. The NPA of 5CDIBTA shows ttiet presence of two active hydrogen
atoms in the guanidine moiety {§+0.46711(RHF) and 0.45240(DFT)440.53149 (RHF) and
0.48466 (DFT) ] due to less negative charges omgen atoms [N=-0.69182 (RHF) and —
0.59642 (DFT),Ns=-0.92513 (RHF) and —-0.71719 (DFT)]. Moreover thisr@o difference in
charge distribution observed on all other hydrogiems. The large negative charges ag N
and N possess the less positive charges on the carborsd&, and Gs are almost same and
negative. Also, the NPA of 5CDIBTA shows the preserof two nitrogen atoms in the
Imidozoline ring [N=-0.7348(RHF) and —0.68816 (DFT);#N0.63936 (RHF) and -0.63232
(DFT) and less positive charges on the carbon at@mand G, respectively. The charge
possessed by the carbon atomgssdess negative due to the positive charge actatedion the
Ci6 atom.
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Table 2. Natural atomic charges of 5CDIBTA

MPA NPA
Atom with Numbering

HF DFT HF DFT|
1 Ng -0.710 -0.601 -0.734 -0.688
2S, 0.80: 0.641 1.08¢ 0.99¢
3 N3 -0.55¢ -0.52¢ -0.63¢ -0.63:
4 Cy4 0.198 0.210 0.174 0.147
5 Cs 0.297 0.288 0.225 0.156
6 Cs -0.148 -0.084 -0.300 -0.280
7 Cy -0.082 -0.074 -0.174 -0.216
8 Cs -0.27¢ -0.19¢ -0.12¢ -0.10¢
9 Coy 0.53¢ 0.45( 0.24: 0.171
10 Ny -0.897 -0.696 -0.692 -0.596
11 Cyy 0.856 0.638 0.742 0.567
12 Ny, -0.694 -0.538 -0.762 -0.617
13 Ci: -0.017 -0.054 -0.222 -0.280
14 Cyy4 -0.00¢ -0.05¢ -0.21¢ -0.282
15 Ngs -0.90( -0.631 -0.92¢ -0.715
16 Che 0.057 0.031 0.030 0.046
17 Hyy 0.201 0.119 0.268 0.267
18 Hyg 0.207 0.128 0.271 0.269
19 Hyg 0.362 0.292 0.467 0.453
20 Hy 0.084 0.083 0.193 0.216
21 Hy 0.08: 0.08:¢ 0.19: 0.21f
22 Hy; 0.076 0.084 0.186 0.216
23 Hy; 0.078 0.084 0.188 0.217
24 Hy, 0.443 0.328 0.531 0.485

3.3.Vibrational assignments.
According to the theoretical calculations, 5CDIBTAs a structure of;(point group symmetry.
The molecule has 24 atoms and 66 modes of fundamehtations.

3500
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Fig. 4. Graphic corréation between the experimental and calculated wavenumber obtained by the ab-initio
HF and DFT methods for 5CDIBTA
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Table 3. Comparison of the calculated and experimental wavenumbers (cm™) and intensities (km/mol) of 5CDIBTA

www.scholarsresearchlibrary.com

Observed wavenumber s Calculated wavenumber s (cm™) o ]
Mode (emd RHF/6-31G(d,p) B3LYP/6-31G(d,p) Vibrational Assignments (PED)
Nos. FTIR FT Unscaled Scaled IR Raman Unscaled Scaled IR Raman %
-Raman | frequency | frequency | Intensity | Intensity | frequency | frequency | Intensity | Intensity

1 3490 (w) - 3854 3480 12.21 25.14 3590 3450 13.14 1526  vasNH (100)

2 3330(w) - 3850 3477 9.30 9.72 3522 3385 36.90 126. vasNH(98)

3 3107(m) - 3405 3074 0.39 44.79 3240 3114 0.21 04£7. Aromatic CH asym(77)

4 2990(m) - 3385 3057 0.22 15.60 3219 3094 0.38 1512. Aromatic CH asym(75)

5 2950 2950(m) 3257 2941 9.39 27.97 3098 2978 10.52 18.62  va.sCH,(69)

6 - 2887(vs) 3234 2920 9.63 42.83 3079 2959 1325 2.283 v, CHy(67)

7 2899(w) - 3190 2881 11.32 45.59 3019 2901 16.79 1.443 v CHy(58)

8 - - 3184 2876 7.83 15.88 3013 2896 13.27 23.01  dnfidrmation(74)

9 1675(vs) 1675(w) 1902 1717 100.00 6.79 1708 1641 100.00 99.97 Ring C-C stretching vibration(53)
10 - - 1840 1662 0.02 17.61 1639 1575 1.49 6.92 g RHC stretching vibration(51)
11 - - 1739 1570 15.55 100.00 1581 1519 43.53 58.6@® CH; (82)

12 - - 1735 1567 4.48 0.50 1550 1489 37.37 1.56 Gtrélching of pyridine ring(74)
13 - - 1672 1510 551 2.70 1540 1480 21.82 2.513CH, (81)

14 - 1466(s) 1654 1493 28.60 4.82 1520 1461 1464 5.652 BCH,(79)

15 1407(m) 1407(m) 1643 1483 7.45 4.22 1515 1456  2@5 122  3CH,(74)

16 - - 1620 1463 0.82 20.22 1494 1436 6.52 14.18t CNCN

17 - - 1565 1413 2.75 29.85 1417 1362 5.69 6.07 1 CICCN

18 1375(m) - 1527 1379 4.89 8.88 1400 1346 9.36 5164. 1 CCCCI

19 1360(m) - 1502 1356 19.60 1.82 1375 1322 2275 193 T1CCCN

20 - - 1494 1349 7.68 19.48 1359 1306 6.60 11.68v CN (52)

21 - - 1468 1325 2.68 3.08 1343 1291 2.15 0.71 w(@H) /B CH (69)

22 1260(m) - 1451 1310 5.74 3.75 1334 1282 1.73 7 4.0 BCH deformation(47)

23 1250(m) 1250(w) 1438 1298 3.77 3.50 1321 1270 62 9. 2.90 w CH (58)

24 1200(m) - 1360 1228 0.08 2.10 1250 1201 0.12 315 wCH (66)

25 1160(s) - 1321 1193 1.12 2.21 1221 1173 9.47 1 6.2 B CH deformation(72)

26 1145(w) - 1299 1173 4.49 8.85 1212 1165 1.61 21.7 t CH(35)

27 1109(vw)  1109(vs) 1233 1113 4.98 3.10 1145 1100 4.58 1.13 B CH deformation(74)

28 - 1050(w) 1220 1102 0.70 0.10 1140 1096 1.84 01.1 B CH deformation(49)

29 1085(w) - 1213 1095 5.09 5.74 1117 1074 1.17 90.1 w CH (63)

30 1065(w) - 1167 1053 2.58 3.07 1074 1032 1.85 23.7 v C-N-C (55)

31 1050(vw) - 1140 1030 5.57 0.34 1044 1003 1284 860 v C-C-N (69)
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32 1040(w) - 1111 1003 0.01 0.89 1012 972 2.28
33 990(s) - 1092 986 0.96 2.33 965 927 0.05
34 - 975(w) 1047 946 10.16 1.71 950 913 12.08
35 889(m) 889(w) 995 898 1.07 4.60 929 892 1.26
36 - 865(w) 966 872 3.50 1.29 878 843 0.13
37 820(m) - 888 849 9.92 0.97 854 821 5.86
38 - 800(m) 888 822 4.33 1.79 836 804 7.49
39 780(s) - 875 815 9.26 1.80 816 784 2.66
40 725(s) - 875 802 9.92 0.97 812 780 6.03
41 - - 868 790 4.33 1.79 790 759 14.05
42 - - 868 784 9.26 1.80 77 747 2.57
43 - 700(w) 827 747 3.18 0.56 750 720 1.37
44 - 655(w) 786 710 5.20 0.83 695 668 7.80
45 640(m) - 747 675 4.90 0.89 690 663 3.90
46 - - 729 658 3.25 1.62 667 641 1.24
47 - - 691 624 411 0.99 642 617 3.63
48 590(m) - 656 593 8.94 0.52 613 589 15.83
49 - 570(w) 639 577 5.65 1.45 584 561 7.78
50 - - 603 545 2.60 2.85 575 553 1.96
51 - 525(w) 584 527 6.64 1.09 561 540 2.34
52 - 475(w) 545 492 1.52 0.29 497 478 2.04
53 - - 524 473 0.23 0.59 481 462 0.68
54 - 357(vs) 404 365 0.13 0.78 378 364 0.19
55 - - 367 332 0.93 1.43 329 316 0.18
56 - - 362 327 0.11 1.09 325 312 1.23
57 - - 313 283 0.90 0.75 276 265 1.17
58 - - 269 243 0.34 0.48 254 244 0.86
59 - - 240 216 0.65 0.11 226 217 1.26
60 - - 221 200 0.70 0.11 210 202 1.00
61 - - 200 181 0.12 0.35 198 190 0.33
62 - - 157 141 0.84 0.05 171 165 1.06
63 - 119(vw) 105 95 0.10 0.25 110 106 0.24
64 - - 74 67 0.05 0.55 76 73 0.01
65 - - 54 49 0.45 0.25 54 51 0.99
66 - - 46 42 0.14 1.64 39 38 0.24

0.69y CH deformation(76)
0.16y CH deformation(37)/SN (27)
0.86y CH deformation(39)
82.0 p CHy(45) /[HCCH deformation(32)
2.88 p CHy(27) /v C-N (41)
0.87 y CH(42) /INSN deformation(33)
6.51 #bfGrmation (21)
3.97  Nm(72)
0.27 Nk(67)
1.36 p CH; (39)
0.45 CN bendibration(44)
0.52 y CH /CC ring breathing(51)
1.34 p CHy(67)
2.99 y CH(62)
0.69 w NH(BANCN(23)
0.20 yCH(37)/p NCN(57)
0.15B CCC(44)
0.74 y CH(72)
0.60 y CCNH
3.16 B NCC(63)
0.22 B CCC(39)/v CCI(41)
0.22 C-Cyredeformation (57)
1.09 C-K-sym deformation(51)% NCN(29)
0.48 B C-C-CI(68)
1.57 B CH(70)
1.17 CCNrdetion(45)
0.16 y CCI(61)
0.13 y CH,(68)
0.15 y CHy(71)
0.54 y C-C-Cl (44)ly CNH(28)
0.07 t,CH
0.18 ,.CHH, See Saw (55)+ C-CI(31)
0.29 CIl CCN beg(@9)
0.15 y CHy(63)
0.99 y CHy(59)
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Inclusion of electron correlation in DFT to a cértaxtent makes the frequency values smaller in
comparison with the HF frequency data. For thesptdtsimulated IR and Raman spectra, pure
Lorentzian band shapes were used with a bandwidd® eni’. Figs 1 and 2 show comparative
representation of theoretical and experimental FAnR FT Raman spectra respectively.

It should be noted that Gaussian 03W package doesatculate the Raman intensities. The
Raman activities were transformed into Raman intiess using Raint program [22 ] by the
expression.

L= 10™(vo-vi)* (I vi) Si

Where | is the Raman intensity, 8 the Raman scattering activitieg,jis the wave number of
normal modes, aned denotes the wave number of the excitation &3 [

3.3.1. NH vibrations

The vibrations belonging to N-H stretching [24] ocdn the region 3500-3400¢h In the
present work the bands observed at 3500 and 3320 ciiin FTIR spectrum (mode no 1)
have been assigned to asymmetric and symmetricatiohs of NH group respectively. This is
also in very good agreement with the computed vals&l bending is usually observed in the
region 1650-1515 cth which is called the amide band [25]. In the pnéssork the band
appeared at 1675 ¢hin FTIR and FT Raman spectra is assigned to Nidrowtion vibration
(mode no 9) and are comparable with the theoretighles. The N-H wagging vibration [24 ]
occurs at 780 and 725 &in FTIR and FT Raman spectra (mode no 39, 40) ardolt-of -
plane bending occurs at 641 ¢y B3LYP/6-31G (d, p) method (mode no 46). Theseveell
comparable with the literature values and are pitesiein Table 3.

3.3.2. Methylene group of vibrations

Methylene C-H stretching vibrations occur generailghe region of 3000-2840 ¢hi24]. C-H
stretching vibrations are the most stable in thecBpm. In the present work the asymmetric
stretching vibration occurs at 2950 ¢rm FTIR and at 2950 and 2887 ¢nin FT Raman
spectra, (mode no 5,6). The symmetric stretchibgation occurs at 2880 ¢hin FTIR spectrum
(mode no 7). The theoretically computed values b, @symmetric stretching gives wave
number at 2895 ciby B3LYP/6-31G (d, p) method (mode no 8) coincigesctly with
literature data. The bending vibrations of CH boimdshe methylene group are referred to as
scissoring, rocking, twisting and wagging. Thessaring band in the spectra of hydrocarbons
occurs at a constant position near 1465d@6]. The absorption of hydrocarbons, due to
methylene twisting and wagging is observed in réngion 1350-1150 cifj26,27]. The band
resulting from the methylene rocking vibration imieh all of methylene groups rock in phase
appear at 720 cm[27]. In the present work scissoring occurs at6l4éi’ in FT Raman
spectrum and at 1407 €nin FTIR and FT Raman spectra, rocking vibrationuss at 889 cfh

in FTIR and at 889,865 and 655 ¢rin FT Raman spectra, wagging vibrations at 128851
cm™ in FTIR and at 1250 cthin FT Raman spectra and twisting vibrations du€ltb group at
1145 cm in FTIR spectrum are presented in Table 3. Thase veell comparable with
theoretically calculated values. The remaining ations are assigned and are presented in the
Table 3.
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3.3.3. C-H vibrations

Most mononuclear and polynuclear compounds hawetar four peaks in the region 3100-3010
cm?, these being due to stretching vibrations of thg €-H bands [28]. In the present work the
FTIR bands at 3107 and 2988 trhave been assigned to aromatic C-H stretchincatidos.
Bands of variable intensity are observed in théoregy1300-1180 cthregion are due to in plane
deformation vibrations, while those appearing ia tegion 900-650 cicharacteristic of the
position of the substituents are due to the C-Hobyiane vibrations [29,30]. The frequencies at
1260,1160 and 1109 ¢hin FTIR and at 1109 and 1050 ¢rim FT Raman spectra have been
assigned to C-H in plane deformation vibrations ode no 22,25,27,28). Bands observed at
1040,990,640 and 590 €nin FTIR and at 975,820,700 and 570 ttmode nos 34,43 and 49)
in FT Raman spectra have been assigned to ouanépl-H bending vibrations and are in good
agreement with the theoretical values.

3.3.4. Pyridine Vibrations

The correlation of the absorption bands of simgimgounds with their structure can provide a
means for determining the structure of more commempounds. The most of the previous
works [31, 32] are examined to indicate generaliegpility of correlations. Young, Durall and
Wright [33] presented absorption patterns for baezin the 1600-2000 chregion that are
typical with respect to the position and numbeswabstituted groups. It has been suggested that
many of the vibrations are quite close to thoséarizenes. Therefore, similar correlations are
expected to exist for the pyridine also.

3.3.5. C-N and C-C vibrations

Aromatic amines normally display a strong stretghasorption in the region 1342-1266tm
[33]. These absorptions occur at higher frequerttias the corresponding absorptions in amines
as the force constant of the C-N bond is incredsedesonance with the ring. In the present
work the wave numbers calculated by B3LYP/6-31Gpjdat 1306 crii (mode no 20) and 747
cm’® (mode no 42) assigned to C-N stretching and bendibrations, respectively. The
stretching vibration of C-N-C [34] is identified 4065 cnT in FTIR spectrum (mode no 30) and
is in good agreement with the theoretically comgutalues. The band observed at 1050"¢m
FTIR spectrum is assigned to C-C-N stretching vibre& (mode no 31) which is in good
agreement with the theoretically computed valudee theoretically computed values of C-N-C
deformations falls at 462,365 and 265 t(mode nos 53, 54 and 57) and are found to bedd go
agreement with the experimental data. The bandreéseat 525 cmin FT Raman spectrum has
been assigned to N-C-C bending vibration, is atlsgdod agreement with the theoretical value
(mode no 51). The ring carbon-carbon stretchingatibns generally occur in the region 1625-
1430 cntt (25, 26). Accordingly the wavenumbers calculatgdthe B3LYP/6-31G (d, p)
method for C-C stretching vibration identified &75, 1519 and 1480 ¢h{mode nos 10,11 and
13). The theoretically calculated C-C-C bendingailons have been found to be consistent with
the recorded spectral values and are listed im#ie 3. The remaining vibrations are assigned
and are presented in the Table 3.

3.3.6 N-C-N and S-N vibrations

The N-C-N in plane bending vibration contributesimhato the normal modes (DFT mode nos
10, 11 and 13) at 641 and 617 tim almost coincides with experimental value. Tagsignment
is also find support from literature value [35].dur title molecule the band observed at 357 cm
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in FT Raman spectrum (mode no 54) is assigned @Meout of plane bending which is in good
agreement with the theoretically computed value BhN stretching vibrations exhibits in the
region 1010-1020 ci1j36], the band observed at this region is not ptretching S-N vibration
and contains a significant contribution of out ¢dre bending CH mode .In the present work
band observed at 990 &nin FTIR spectrum is assigned to S-N stretchingatibn (mode no
33) which is in good agreement with the theorelyoadmputed value.

3.3.7 C-Cl vibrations

The vibrations belonging to the bond between timg &nd the halogen atoms are worth to
discuss here, since mixing of vibrations are pdssdue to the lowering of the molecular
symmetry and the presence of heavy atoms on theheey of molecule [37]. The assignments
of C-CI stretching and deformation vibrations hayeen made by comparison with similar
molecules p-bromo phenol [38] and the halogen gubsti benzene derivatives [39]. Mooney
[40, 41] assigned vibrations of C-X group (X=CI, &nd 1) in the frequency range of 1129-480
cm™. The C-CI stretching vibrations give generallyosyg bands in the region 710-505 tm
From the above literature value the band observdd@®cni in FTIR spectrum is assigned to
C-Cl stretching vibration (mode no 52). Krishna Kamet al [42] assigned the C-Cl in plane and
out of plane bending vibration at 263 and 229%cim FTIR spectrum, our present study the
computed wave numbers at 316 tmind 244,190 and 106 én{mode nos 55,58 and 61) are
assigned to C-Cl in-plane and out-of plane bendihgations respectively.

Table 4. Theoretically computed ener gies(a.u),Zer o-point Vibrational energies(kcal mol™)Rotational
constants (Ghz),Entropies(cal mol™*k™),Dipole moment (D) Heat capacity (kcal mol™ k™) and Rotational
temperature(Kelvin) of 5CDIBTA

Parameters
Total energy

HF/6-31G(d,p)
-1474.6813
117.65757

B3L Y P/6-31G(d,p)
-1479.9041
108.79146

Zero point energy

Rotationa Constants

0.54763
0.38406
0.38406

0.52099
0.38406
0.22719

Entropy
Total

Translational
Rotational
Vibrational

Electronic

46.020

2.981

2.981

40.058

0.00(

49.748

2.981

2.981

40.058

0.00(¢

Dipole moment

2.6862

2.4073

Rotational Temperature

0.02628
0.01843
0.01139

0.02500
0.01851
0.01090

3.4. Thermodynamic properties

Entropy of the title compound is presented in Tahle&Scale factors have been recommended
[43] for an accurate prediction in determining #i@VE and the entropy. The variation in the
ZPVE’s seem to be insignificant. The total energiad the changes in the total entropy of the
5CDIBTA at room temperature at different methods also presented. Dipole moment is a
measure of the asymmetry in the molecular chargeilolition and is given as a vector in the
three dimensions. The values of dipole momentsexetgies for the title molecule were also

179
www.scholarsresearchlibrary.com



N. R. Shecla et al Der Pharma Chemica, 2012, 4 (1):169-183

calculated and listed in the Table 4. Accordingdtoand DFT (B3LYP) calculations, the largest
dipole moment and the lowest energy were obseweB3LYP/6-31G (d, p).

3.5. HOMO and LUMO analysis

Many organic molecules, containing conjugateglectrons are characterized by large values of
molecular first hyperpolarizabilities, were analgzéy means of vibrational spectroscopy
[44,45]. In most cases, even in the absence ofrsioie symmetry, the strongest bands in the
Raman spectrum were weak in the IR spectrum arel wecsa. But the intermolecular charge
transfer from the donor to acceptor group througtsingle-double bond conjugated path can
induce large variations of both the molecular dé@poloment and the molecular polarizability,
making IR and Raman activity strong at the sameeti The experimental spectroscopic
behavior described above is well accounted forin&lo calculations int conjugated systems
that predict exceptionally large Raman and infrargensities for the some normal modes [46].
It is also observed in our title molecule the bamdBTIR spectrum have their counter parts in
Raman shows that the relative intensities in IR Rathan spectra are comparable resulting from
the electron cloud movement througltonjugated frame work from electron donor to etact
acceptor groups. The analysis of the wave functiaticates that the electron absorption
corresponds to the transition from the ground eofitst excited state and is mainly described by
one-electron excitation from the HOMO to the LUMOhe LUMO of n nature, (i.e.,
heterocyclic ring) is delocalized over the whol€€@nd C-N bond.

Since,DFT based chemical reactivity descriptionvigles valuable information about the
reactive sites for various types of attacks andmation for benzidene [4,Ave have applied the
same concepts during the studies. The Mullikenteleegativity §) [48],chemical hardnesg)X
and electronic potential were computed using orleiteergies of the HOMO and the LUMO at
the B3LYP/6-31G(d,p) and HF/6-31G(d,p) levels odédhy. The ionization potential (i) of the
molecule is calculated using Koopman’s theorempttd is given by

M=o+ ELumo) / 2

using Koopman’s theorem, chemical hardness is lzdmliusing,

n= (ELumo— E—iomo) /2

Considering the chemical hardness, large Homo-Lgaqm means a hard molecule and small
Homo-Lumo gap means a soft molecule [50].One can @@late the stability of the molecule to
hardness, which means that the molecule with [eEBMO-LUMO gap means it is more
reactive.

The HOMO-LUMO energy of the 5CDIBTA was calculatatithe B3LYP/6-31G (d, plevel
and are shown in Fig. 5, which reveals that thegngap reflect the chemical activity of the
molecule. LUMO as an electron acceptor represdmgsability to obtain an electron, HOMO
represents the ability to donate an electron. Tieegy gap of the 5CDIBTA was calculated and
tabulated in the Table 5.In general, the HOMO bexoiess bound while the LUMO becomes
more bound.From Table 5, it is concluded that theekt energy gap was found at the DFT
method. The atomic orbital compositions of the roolar orbitals are sketched in Fig. 5.
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HOMO(Ground State) LUMO(Excited State)

Fig. 5. The atomic orbital compositions of the frontier molecular orbital for 5CDIBTA

HOMO Energy (Fomo = 5.532118 a.u
LUMO Energy (Eumo) =-2.731773 a.u
HOMO-LUMO (Energy gap) = 2.800346 a.u

Table 5. Comparison of HOMO,LUM O, Energy gaps and | onization potentials of 5SCDIBTA

Basis set HF/6-31G(d,p) B3LYP/6-31G9d,p)
Enome -8.609478 -5.532118
Eiume 0.766279 -2.731773
Chemical Hardness) 4.68787 1.40016
lonisation Energyi) -3.92159 -4.13194
Energy ga 9.37575 2.800341
Electronegativity(x) -4.68787 -1.40016

The calculated self-consistent field (SCF) enerigy@DIBT is -1479.90418954 a.u. In addition,
the decrease in the HOMO and LUMO energy gap empldhe eventual charge transfer
interaction taking place within the molecule whishresponsible for the chemical activity of the
molecule.

CONCLUSION

The detailed interpretation of the vibrational dpe®f the title molecule has been performed
based on the quantum mechanical approach by the &dFB3LYP method using Gaussian
program. The fitting between calculated and meabkuilerational frequencies was achieved by
these methods and the deviation between calcutatddexperimental values is quite small after
scaling frequencies. Therefore this study confirthat the theoretical calculation of the
vibrational frequencies for the 5CDIBTA is quiteefid for determining the vibrational
assignment and for predicting new vibrational freaies. The theoretically calculated values of
both bond lengths and bond angles of the structufrdge minimum energy were then compared
with X-ray crystallographic data. The data obtaimeding the course of present investigation
show that better agreement between the experiing@mdéacomputed data is obtained using the
DFT method B3LYP with the basis set 6-31G (d, p).

The lowering of the HOMO-LUMO energy gap value hagbstantial influence on the
intramolecular charge transfer and bioactivity bé tmolecule.The bond order and atomic
charges of the title molecule have been studietidip RHF and DFT method. The calculated
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normal mode vibrational frequencies provide therymaohical properties by way of statistical
mechanics.
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