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ABSTRACT

Solid phase FTIR and FT-Raman spectra of 6-Methyh@line (6MQ) have been recorded in the region50

cmi'. The spectra were interpreted with aid of normabrlinate analysis based on DFT using standard B3BY
311++G (d, p) basis set. After scaling there is doagreement between the observed and the calculated
frequencies. The calculated first order hyperpdalility shows that the molecule is an attractivelaoule for
future applications in non linear optics. The cdited Homo-Lumo energies show that charge transfamurs
within the molecule. Mullikan population analysis atomic charges is also calculated. The studyxisreled to
study the thermodynamic properties of 6MQ.

Keywords: 6-Methylquinoline, Vibrational analysis, FTIR, FTRDFT calculation, Homo-Lumo analysis,
thermodynamical properties, Gaussian 09.

INTRODUCTION

Quinolines are heterocyclic compounds having thalipnation of pyridine and benzene rings [1]. Whemethyl
group replaces hydrogen attached to the quinoling in sixth position then it is called as 6-metjwiholine
[6MQ]. The derivatives of methyl quinolines havernpapplications [2-4], for e.g., 2-methylquinolireeused as an
intermediate in the production of dyes and in faotbring. 7-methylquinoline is used to inhibit casion in steel.8-
Methylquinoline has been used to treat human aidadrskin disorders and also as intermediate farpiaceutical
manufactures .The title molecule 6MQ is used imraaces for soaps, perfumes and creams and aldoassan
intermediate in pharmaceutical manufactures [5].

A large number of works has been reported in tieediure dealing with vibrational analysis of mettgrivatives
of quinoline [6-12]. Yusuf ZALAOGLU et al had reged vibration studies of 6-methyl-1,2,3,4-
tetrahydroquinoline[11] and the structure and wibreal spectra of 2,4—diaminoquinoline and 4-Amito-
methylquinoline were recorded by V. and Krishnakadahn Xavier[13]. The total energy distribution 2{4-,6-
methyl quinoline had been discussed in detail byeky E.Ozel [12] only based on theoretical work bat
experimentally. The present research work was takien to study the vibrational modes and also toycaut
HOMO-LUMO, Polarizability, Hyper polarizability, Mlikan’s charge density and thermodynamical prapsrfor
the title molecule.
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MATERIALS AND METHODS

Experimental setup and measuremen

2.1 Spectral details

The fine sample of 6M@rovided by the Sigma Aldrich Chemical Co.(USA)tlwa stated purity of greater th
98%, was used as such for the spectral measure At the room temperature a Fourier transform IR sp@c of
the title compound was measured in 2100 cni region at a resolution of + 2 ¢husing Bruker IFS-66V Fourier
transform spectrometer. The Raman spectrum of 6MQ was recorded on the sameimsht equipped with g
FRA -106 FT-Raman accessory. The spectrum was recorded #006-50 cm® with Nd: YAG laser operating :
200 mW power. The reported wave numbers are expéatee accurate within + 2 ¢*.

2.2 Computational Details

Using the version of Gaussian 09W (revision B.program, the DFTcalculations o the title compound were
cariied out on intel core2 duo /2.20 Ghz processorkg-3-lee-yangparr (B3LYP) functions were used to carry
abinitio analysis with the standar-311++G and &@11++G(d.p) basis sets. The normal coordinate aizabf the
compound @methylquinoline hasbeen computed at the fully optimized geometry bguasng « point group
symmetry. For the simulated IR and Raman specira lporentzian band shapes with the band width afrt™ was
employed using the Gabedit version 2

The animation option of theabss view 05 graphical interface for Gaussian @nogwas employed for the proyg

assignment of the title compound and to check wéretie mode was pure or mixed. The idea of usinyipfel

scale factors in the recent literature (17, 18)ltwen adaptefor this study and it minimized the deviation bedm

the computed and the experimental frequencies. Mb#he scale factors are much closer to the ufuityDFT

studies which implies that DFB3LYP/6-311++G (d, pomputations yield results much cloto the experimental
values.

RESULTS AND DISCUSSION

3.1 Molecular Geometry
The optimized molecular geometry of 6MQ obtainedt® DFTcomputational analysis shown in Figure (i). The
optimized geometrical parametes6MQ are presented in Table.

In this title compound C7-C6, 0810, C-C5, C9-C4, C222 bond lengths are found to be about A and they
are found to be coincident with values shown bygBiRajeev et al [19]. (-N1 and C2N1 bond lengths are 1.354
and 1.2916 A respectively. The embond angles of (-C9-C10, C9-C10-C5 and CXD4-C3 are found to be 119
and the outer bond angles of C8-H16, C6-C7-H16, C7-C6-C11, C10-C4-H14, C2-H13 and C3-C2-H12 are
also found to be same as inner angle. The metbylpyattached to the rirshows deviation angle as .The bond
angles C9-N1G2 which calculated as 1° by DFT methods are higher than methyl group anghe dihedra
angles of C9-C10-C4-H14, CXD4-C3-C14 and C4-C3-C2-H12 are P8bhich suggest that the title molecule i
planar molecule.

Fig (i) : The molecular structure of 6-methyl Quinoline

H1
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Table (i) : Optimized geometrical parameters of 6-rathylquinoline obtained from B3LYP (6-311++G) dengy functional calculations.

Parameters | DFT(B3LYP)| Parameters | DFT(B3LYP)
6-311++G(d,p| 6-311++G(d,p)
Bond length (A Dihedral angle (°
Cr-Cs 1.3718 G-Cr-Cs-Co 0.000
Cr-Ce 1.4237 G-Cr-Cg-Hyz -180.000
Cr-Haie 1.0857 He- C-C-Co -180.000
Cs-Cqy 1.419 He-C7-Cs-Hiz 0.000
Cg-Hys 1.0836 G-Cr-Ce-Cs 0.000
CiCo 1.4282 GCi-Cs-Cua -180.000
Co-N; 1.3631 He-C7-Ce-Cs 180.000
CiCs 1.4194 He-Cr-Ce-Cus 0.001
Cic-Cy 1.4161 G-Cs-Co-Cyc 0.000
Cs-Ce 1.3768 G-Cs-Co-N; 180.000
Cs-Hie 1.0862 H7-Cs-Co-Cyc -180.000
Ce-C11 1.5081 H7-Cg-Co-Ny 0.000
Cs-Cq 1.3729 GCy-Cic-Cs 0.000
Ca-Hay 1.0855 G-Co-Cic-Cy 180.000
Cs-C, 1.4157 N-Co-C1-Cs 180.000
Cs-Hi:z 1.0837 N-Co-C1-Cs 0.000
Cox-Hy; 1.0876 G-Co-N;-C; -180.000
C-Ny 1.3155 Ge-Co-N;-C, 0.000
Cy1-Hie 1.0947 G-C1-Cs-Cs 0.000
Cur-Hye 1.0947 G-Cio-Cs-Hi= -180.000
Ci-Hae 1.0916 G-Ci1-Cs-Cs -180.000
Bond angle (0) C4-C1-Cs-Hye 0.000
Cg-Cr-Cs 121.648 GCi1-Cs-Cs 0.000
Cg-Cr-Hie 119.565 G-Cy10-Cs-Hig 180.000
Ce-Cr-Hie 118.787 GCi1-Cs-Cs 180.000
Cs-Cs-Cio 120.534 GC10Cs-His 0.000
C7-C8-C9
Cs-Cs-Hi7 121.641 GoCs-Cs-Cr 0.000
C7-C8H17
Co-Cg-Hys 117.825 Go-Cs-Ce-Cyy 180.000
Cs-Co-Cic 118.467 Hs-Cs-Co-Cr 180.000
Cg-Co-N; 118.890 H:-Cs-Ce-Cyy -0.001
Cic-Co-N, 122.644 G-Ce-Ci1-Hie -59.544
Cy-Cy1c-Cs 119.370 G-C6-Ci1-Hie 59.546
Co-C1c-Cy 117.324 G-Ce-Ci1-Hac -179.999
Cs-Cic-Cy 123.306 GCs-Ci1-Hais 120.457
Ci1c-Cs-Ce 121.480 G-Ce-Ci1-Hie -120.453
Cic-Cs-His 118.502 G-Ce-Cr1-Hac 0.002
Ce-Cs- Hie 120.018 G-Cs-C5-C; 0.000
Cr-Ce-Cs 118.502 GoCs-Cs-Hus -180.000
Cr-Cs-Cua 119.691 H+-Cs-Cs-C, -180.000
Cs-Ce-Ca 121.807 H4-Cs-Ca-Hiz 0.000
Ci-Cs-Cs 119.335 G-C5-Co-Hiz 180.000
Cic-Cs-Hia 119.579 G-C3-Co-Ny 0.000
Cs-Cs-Hus 121.086 Hz-C3-Co-Hy; 0.000
Cys-Cs-C; 118.790 Ha-Cs-Co-N; -180.000
Cs-Cs-Hi: 121.423 G-Co-N3-Cy¢ 0.000
Cx-Cs-Hi: 119.787 -C-N1-Cyc 180.000
C3-Co-Hy; 119.589
C3-Co-N,; 124.047
H1-Co-Ny 116.364
Co-N;-C, 117.860
Ce-Cr1-Hie 111.086
Ce-Cr1-Hac 111.086
Ce-Crr-Hac 111.480
H1g-Ca1-Hie 107.087
Hig-Car-Hac 107.959
H1-Cas-Hoc 107.959

3.2 Assignment of Spectra

The detailed analysis of the fundamental modestwétion with FTIR and FT Raman experimental fregcies, IR
intensity and Raman activity of 6MQ using B3LYP hmd with 6-311++G (d, p) basis set is reported abl€ (ii).

Since 6MQ has 20 atoms, it is expected to exhibitnbrmal modes of vibrations (3N-6). Of these, 3R-B)

vibrations are planar (A") and 17 (N-3) vibratiocsx® non-planar (A"). For visual comparison, the exipental

spectra and simulated spectra in the infrared regre shown in Figure (ii) and the correspondingnBa spectra
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are given in Figurdiii). Even though the calculated vibrational freqeies are scaled down by the appropriate
multiple scale factors to suit the experimentaliesl it may be noted that the simulated IR and Raspactra are
drawn for unscaled frequencies. The correlatiogrdian between the scaled and the experimental freige of the
6MQ shown in the Figure (iv) illustrates the reanttreduced deviation between the experimentalcahcllated
vibrational frequencies.

Fig (ii) : Comparison of observed and simulated Infared spectra of 6-methylquinoline
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Fig (iii) : Comparison of observed and simulated Rman spectra of 6-methyl quinoline
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Table (i) : Experimental and Calculated Frequencgs, IR & Raman intensities and assignments for 6-Meylquinoline

Mode Observedjrequen Falculated frequency(ch B3LYP /6311++G(d,p) )

of (cm™) Assignment
Vibrations| IR Raman | Unscaled Scaled IR Intensity| Raman Activity

1 3161|W | 3192 3160 54.253 0.013 vsCH

2 3140 W 3187 3155 2.06 0.032 vsCH

3 3082| S| 3161 | 3098 0.163 0.033 vsCH

4 3057|VS| 3158 | 3063 6.29 0.034 vsCH

5 3027VS 3152 | 3026 8.43 0.034 vasCH

6 3008VS| 2985| S 3137 3011 0.663 0.039 VasCH

7 2968VS 3104 2979 3.719 0.143 vas CH (CHs)

8 2936 S | 2924|VS| 3069 2946 3.467 0.157 Vas CH (CHg)

9 2912VS 3022 | 2900 0.004 0.161 vs CH (CHy)

10 1665|M | 1666 1663 0.116 0.162 vCC

11 |1628M | 1625VW| 1635 1618 12.732 0.166 v CC+C-N

12 1579vS| 1571 |VS| 1601 1584 9.967 0.275 v CC+B CH

13 1546VS 1534 1533 1.07 0.402 8as C-H of CH+vCC

14 1500M 1507 1507 5.112 0.495 8as C-H of CH+vCC

15 1499|W | 1486 1485 6.718 0.621 Sasy CHs

16  |148%VS 1485 1484 0.081 0.662 Sasy CHz + C=N

17  |1442VS 1456 1440 2.564 0.747 CC + CNoay CHs

18 1423|VS| 1416 1416 5.28 0.859 Sasy CHs

19 1380|VS| 1394 1380 2.159 1.085 8 CC+BCH

20 1361VS 1385 1357 3.023 1.611 C36 CH +05sy CHs

21  |1337TM [ 1322|VS| 1361 1334 0.084 1.646 CCCBCH

22 |129%VS 1285 1285 1.169 1.684 B CH+vC-N

23 |1249wW | 1255|VW| 1263 1250 2.658 1.855 B CH+VvC-N

24 1233M 1239 1239 2.296 2.359 CCC+B CH +vC-N

25 1177 S 1187 1174 0.77 2.588 B CH

26 1159M | 1140 1165 1152 0.693 2.86 B CH

27  |1110QVS S| 1141 1141 0.045 4.843 sR+CC str

28 1043|VS| 1063 1062 0.64 5.127  |v C-CHg+v CC+B C-N-C|

29 1023|VS| 1051 1026 19.475 6.761 Rlasymd

30 1021| M 1024 1024 3.429 8.759 symdgH

31 995 M | 1007 | M 992 991 8.546 9.696 y CH+B CH+ CCC

32 978 | M 987 977 7.37 10.534 y CH+B3 CH+ CCC

33 967| M 967 967 0.338 10.814 smet CH wagging

34 943 M | 949 |[VW 961 942 34.98 12.238 CH of R2

35 893VS| 891 | w| 906 897 0.126 14.64 sRdRing breathing)

36 863|VS 893 892 4.792 18.84 R2symdef v C-CH;

37 820/VS 849 832 1.645 19.705 ®» CH +y CCC

38 799 VS| 793 |VS 808 791 0.888 25.682 ®» CH +y CCC

39 782VS 781 781 5.235 28.944 CH +B CNC +B C-N-Q

40 703 | M| 778 703 13.146 31.313 o CH

41 675 vw 723 694 1.08 39.86 VC-CH3 +Rigymd

42 635 (VW 646 639 10.032 42.014 vC-H +p CC

43 615|VS 631 611 7.102 50.04 Bmd

44 525 M | 538 (VW 544 538 15.974 67.213 «Ra+ CCC

45 508 | VS| 517 506 12.419 69.22 CC@CH

46 498/VS| 485 |VS 489 488 0.46 71.315 CCwCH

47 451VW| 452 VW 457 452 12.452 93.132 y CCC

48 421 |VS 420 419 6.4 103.193 y CC

49 408VS| 395 | M 408 408 10.84 103.989 y CCC + R2-symd

50 280 | W| 284 284 15.836 116.045 das C-CH

51 269 M | 266 |[VW 271 270 6.309 149.701 teH

52 172/ S| 185| W| 174 173 23.436 159.731 Butterfly

53 126 M 126 125 18.993 247.113 tGH

54 94| S 97 95 33.522 344.662 t CH3

vs- Very strongs— strong;m — mediumw — weakw — very weak

vas — asymmetric stretchingym— Symmetric stretchingi — scissoringp — rocking;

r—torsion;t-twisting; # — in-plane bendingy — out-of-plane bending;
symd — symmetric deformatioasymd — assymmetric deformation
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3.2.1Methyl Group Vibrations

The methyl group (CkJ attached with the benzene ring at sixth positiothe title molecule can have the following
types of vibrations: symmetric and asymmetric shiglg, symmetric and asymmetric scissoring, twigtiwagging
and rocking. Sundaraganesan et al [20] verified the CH, stretching vibration in pyridine ring occurs at lew
frequencies than those of aromatic ring (3000-3d08). The anti-symmetric stretching mode of {#lexpected
around 2980 cthand symmetric stretching mode of ¢lslexpected at 2870 ¢hj21]. In line with these, the sharp
peaks found in the FTIR at 3027 and 3008'@hows very strong asymmetric stretching vibratioh€H; whereas
the band at 2924 ¢hin FT Raman is assigned to symmetric stretchinglendhese assignments found support
from the normal modes of animation option of Gauiswv 05 which indicates the theoretical three peatk83026,
3011 and 2946 cihas the corresponding frequencies. These assignmentgreed well with the literature values
[20-23].

For most of the compounds the asymmetric sciss@ppears at fairly constant range of 1400-1460[24]. The
vibrations observed at 1499 and 1423'cm Raman and 1485 and 1442 tin FTIR shows asymmetrical
scissoring vibration and 1021 &nseen in Raman is assigned to symmetrical scigpeibration. The symmetrical
scissoring mode falls little below the expectedar@nd it may be because the symmetrical scisganiticated by
Alpert et al [21]. The correctness of the assigmsevas also verified with the Gauss view using cbmputed
values.

The CH, rocking vibrations of the compound are identif&d967 crit in the IR spectra .The rocking vibrations
counterpart of 967 crhis not observed in the FT Raman. {Wisting modes are observed at 269 and 128 itm
FTIR and at 94 cih it shows the Ckitorsion mode of vibration. A very strong peak iarfan at 1043 cthshows
symmetric stretching mode of C-Gland also scissoring asymmetric vibrations of Czi8Hdentified at 280 cfhin
Raman spectrum.

3.2.2 Ring Vibrations

C-N Vibrations

The presence of nitrogen in the ring of benzengsire gives rise to two C=N stretching vibratiams identifying
these vibrations is a little hectic task as thérational frequency lies within the C-C stretchiregion [22,23]
Sundaraganesan [17] proposed C-N stretching viimstin the region 1382-1266 ¢rio C-N stretching vibrations
in the compound 2-Amino-5-methyl pyridinen the present work, the very strong vibration 483 cm'in IR
shows symmetric C=N stretching vibration. Symme@i& stretching vibrations are found at 1295, 1246 1233
cm’ for IR spectrum. Very strong vibrations of IR at278m’ and for Raman at 1043 &nshows the in-plane
bending of C-N-C vibrations. By invoking Gauss vigisualization option, these vibrations are crassc&ed and
found to be correct. The ab -initio calculationslgied 1484 cihand 1285, 1250, 1239 ¢ras scaled C=N and C-N
stretching vibrations. The calculated frequencarsRaman and IR values of C-N-C vibrations arefiestiat 1043
and 782 cil. These assignments are supported from the worRsiodaraganesan et al [24] and Peak et al [25].

C-H Vibrations
The hetero aromatic structure shows the presen€etbfasymmetric stretching vibrations in the regi©90-3000
cm® and 3100-2950 cm is suggested for symmetric stretching modes afatibns [26-29].

In the present exploration the symmetric stretclohgromatic C-H vibrations in Raman spectrum ignio at the
frequencies 3161, 3082, 3057 and 635 c8imilarly the symmetric stretching of C-H vibiats in FTIR is found
at 3140 crit and the C-H stretching vibrations correspondin§161, 3082 and 3057 crhare found to be missing
in the FTIR spectrum. The very strong asymmetrtl Gtretching vibrations in FTIR spectrum are foundhe
frequencies 3027 and 3008 ¢rand the corresponding asymmetric C-H stretchibgations for the same are found
to be missing in the Raman spectrum.

The theoretical computation gives the frequencyuesl for symmetric and asymmetric C-H vibrations at
3160,3155,3098,3063 and 639 tand 3026 and 3011 ches indicated in Table 2. Generally, in the subsit
benzene, apart from stretching vibrations some ingndbrations also can occur. These bending vidnatcan also
be obtained in two ways such as in- plane bendmtoaut- of- plane bending. The in-plane C-H bendiitgations
appears in the range 1300-1000"camd out- of- plane bending vibration occurs inrdwege of 1000-750 chj30].

The experimental frequencies of 6MQ at 1579,12957111159 and 995 cin FTIR spectrum show C-H in- plane
bending vibrations. Similarly in FT Raman the freqay at 1255 and 978 ¢hrare assigned to C-H in- plane
bending vibrations [31].
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The types of vibrations like scissoring, rockimysion, twisting and wagging are identified as ofitplane bending
modes in vibrational spectroscopy. The scissoriigations of C-H bonds are identified at 1360 crithe very
strong out of plane wagging vibrations of C-H avarfd at 820,799 and 782 ¢rin FTIR spectrum and these kinds
of wagging vibrations are assigned for the freqie=mn@85,508,703 and 949 ¢nfor FT Raman spectrum. Like
these ring C-H vibrations, we can find some C-Hrafions in methyl group also and the frequencie29&8 and
2936 cnitare assigned to asymmetric stretching of C-H inhylegroup. The very strong symmetric vibrations of
C-H in methyl group are found in 2912 ¢in FTIR spectrum. Similarly asymmetric scissoringdas of vibrations
of C-H in the methyl group are found at the frequies 1546, 1500 ctin FTIR spectrum. These assignments
support the calculated frequencies found at thgufzacies of 2979, 2946, 2900 ¢and 1533, 1507 cth

C-C Vibrations

The C-C aromatic stretching vibrations give risel@aracteristic bands in both the IR and Ramantspeovering
the spectral range from 1600-1400 §82-35].The IR bands at 1623, 1579, 1546 and 1500 and the
corresponding Raman bands at 1665 and 138barmin excellent agreement with experimental \@lue

The C-C-C in plane bending vibrations have givese itio weak bands across the low frequency regibat iE to
say, below 1000 cth[36] and in line with this the very strong IR barat 820,451,408 chand in Raman band at
793,421 crit have been assigned to out —of-plane bending tidmsain the title molecule 6MQ [35] and the in-
plane bending vibrations are observed at 99% inFTIR and 978 and 635 ¢hin Raman.

Apart from these ring vibrations, we can observaeadind of other vibrations for whole rings of thlecules in
our present work. Ring symmetric deformations oauthe frequencies 1110,893,863,525 and 408 ienFTIR
spectrum. This resembles the calculated frequentiesl 897,892,538 and 408 ¢robtained from Gaussian.
Similarly ring asymmetric deformations are found.@23,675,615 cthand gets support from the calculated values
of 1051,723,631 cth The ring breathing and butterfly vibrations of @\&re being confirmed at the frequencies
893 and

172 cm' in IR spectrum and these frequency values areleted with the calculated frequencies at 897 aBah7
1

3.3 Non linear optical effects

The interactions of electromagnetic radiation imesomolecules can give a non-linear optical (NLG®@&fwhich
shows the some alterations in- phase, frequencyaamlitude from the incident field [37]. NLO is amportant
concept in current research scenario because wh#isapplications to telecommunications, optiegitching and
signal processing [38-41].

The mean polarizabilityag), the total static dipole momenfiY and the first order hyper polarizabilitpy] are
calculated by using x,y,z components.

! = (X +py +pz?)"
o = 1/3 exx + ayy + 0zz )
Po = Bx2+ B+ B,5

= [(Bxxx + Bxvy + Bxzz) 2 BYYY + Byxx + Bvzz ) “+( Bzzz + Boxx+ Bavy )M

The o andp values of the Gaussian 05 output are in atomitsy@iu) and these calculated values converted into
electrostatic unit (e.s.uy(: 1 a.u = 0.1482x18esu; forp : 1 a.u =8.639x I8 esu; ) and these above polarizability
values are listed in Table (iii). To study the NlgPoperties of molecule the value of urea molecuhdctv is
prototypical molecule is used as threshold valuetie purpose of comparison. The first hyperpoédility of the

titte molecule is found to be two times greatemtlthe urea [p an@ of urea are 1.3732 Debye and 0.3728x10
¥enr/esu] [42] and from the resultant values we idgrtiife title compound as a good NLO material. By kimgy

the dipole moment in a molecule we can study tipeldi-dipole interactions which occur inside thenzgmf that
molecule and the inter-molecular interactions atting stronger when the dipole moment is high.
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Table (iii): The electric dipole moment, polarizability and first order hyperpolarizability of 6-methy Iquinoline.

Parameters DFT(B3LYP)6-311++G(d,p)

Bxxx 269.982041
Bxxy -35.0762567

Bxvy -6.79988488

Byyy -5.35309903

Bxxz -0.00288419862
Bxvz -0.0000520944151
Byyz 0.000599396551
Bxzz -0.847327320

Bvzz 0.133578615

Bzzz -0.000491910495
B toTaL (€.5.U) 2.22130x1G e.s.u
Olxx 186.943504

Oxy -6.21446537

Oyy 124.639710

Oxz -0.000956284994
Oyz 0.000612208426
Ozz 67.7208876

o 126.4347 a.u

Fig (v) : Frontier molecular orbitals of 6-methylQuinoline.
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3.4 Frontier molecular orbital analysis:

The molecular orbital (MO) is an important conceéptchemistry and molecular orbital theory is emgdy
extensively to describe chemical behavior. Not aldgs the MO theory become a ubiquitous set oktaséd to
explain chemical behavior, such as reactivity aimetics, but it also provides an indispensable eptal construct
for the description of other phenomenon involvinglecular electronic structure including charge-nsfer
processes, photo excitation, magnetism, and maealkctronics. In fact, it is quite common to aextrtrends in
molecular behavior based on simple MO properties. é&xample, molecules with large HOMO-LUMO gaps are
generally stable and un reactive; while those wittall gaps are generally reactive. Thus the stalufia molecule
can be affected by the factors of total energypldipnoment and energy gap between HOMO-LUMO levEf®
computed values of HOMO-LUMO of 6mq are -0.3378@ a0.20228 respectively. The intra molecular charge
transfer (ICT) from HOMO-LUMO occurs througtconjugated pathHere LUMO is an electron acceptor and
HOMO represents the ability to donate an electime energy gap is a parameter to determine the culale
electrical transport property because it is a meastielectron conductivity. The frontier orbitatfure is given in
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Figure (v).The filled orbital (HOMO) is located the entire molecule except hydrogen atoms in 6M@reds the
unfilled orbitals (LUMO) are localized except meltlayd hydrogen atoms.

The larger the HOMO-LUMO energy gap the harderrtt@ecule [46-50]. The global hardnessnis Y2 €Lumo-
€nomo). The hardness has been associated with theistadfichemical system. The electron affinity cas ised in
combination with ionization energy to give elecimmrhemical potential, p=%¢(mo + €nomo). The global
electrophilicity indexm = /2 1 is also calculated and these values are listdaite (iv).

Table (iv) : Calculated energy values of 6-methylgnoline in its ground state.

Molecular properties B3LYP/6-311++G(d,p)
ELumo+1 (V) -0.1647
ELumo (eV) -0.2023
Enomo (eV) -0.3379
Eromo-1 (€V) -0.3500
AEomo-Lumo (V) 0.1357
AEromo-Lumos1 (V) 0.1632
AEromo-1—Lumo (V) 0.1477
AE+omo-1—Lumo+1 (€V) 0.1853
Global hardnessgj 0.0678
Electronic chemical potential(n)  -0.2700
Global electrophilicity indexq) -0.1350

3.5 Mullikan’s charge analysis

The atomic population and charge distribution ie tholecule can be obtained from Mullikan’s analyaisl this
charge distribution has been calculated by B3LY®I&-++ G (d.p) level theory and the carbon atorhiarges are
found to be either positive or negative and thegnge from -0.008925 to 0.262847. The magnitudeshef
hydrogen atoms have both positive and negativeegatind the nitrogen atom has high positive chaddel4173)
than other atoms and it acts as acceptor atom @ndt@m with maximum negative charge (-0.0089253 ast a
donor atom. The atomic charge values for each atentisted in Table (v).

Table (v) : Mulliken atomic charges of 6 Methylquiroline for B3LYP with 6-311++G(d,p) basis sets.

Atom with B3LYP
IUPAC Numbering | 6-311++G(d,p)
IN 0.044173
2C 0.120229
3C -0.441778
4C 0.275890
5C -0.637699
6C 0.817536
7C -0.182059
8C -0.653169
9C -1.862481
10C 1.566358
11C -0.509805
12H 0.198459
13H 0.177357
14H 0.164348
15H 0.089657
16H 0.166165
17H 0.192509
18H 0.157024
19H 0.157028
20H 0.160258

2.6 Thermodynamic properties

On the basis of vibrational analysis of DFT studi¢B3LYP/6-311++G and 6-311++G(d.p) levels somehef

thermodynaimc parameters [51] are calculated aedepted in Table (vi).These parameters are listethased on
the statistically thermodynamic functions : heapamty(C), enthalpy changes(H) and entropy (S) tfa title

compound. The Zero point and total energy are @étulated for each function.
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Table (vi) : Theoretically computed Dipole moment(Rbye), energy(au), zero point vibrational energy(ka mol™), entropy(cal mol‘k?),
rotational temperature(Kelvin), rotational constant(GHz), thermal energy(Kcal/Mol) and Molar capacity at constant volume(Cal/Mol-
Kelvin)of 6-methylquinoline.

Parameters B3LYP-6-311++G
Dipole moment 2.4064
Total energy -441.35931841
Zero point energy 426080.1
Entropy
Total 90.182
Translational 40.786
Rotational 29.716
Vibrational 19.680
Rotational temperature

0.13701

0.04019

0.03120
Rotational constants

2.85479

0.83735

0.65005
Thermal Energy
Total 107.150
Translational 0.889
Rotational 0.889
Vibrational 105.372
Molar capacity at constant volume
Total 34.048
Translational 2.981
Rotational 2.981
Vibrational 28.086

CONCLUSION

The equilibrium geometries of 6MQ were investigaded analyzed at DFT at B3LYP/6-311++G (d, p) leUdle

thermodynamic properties and Mullikan’s chargesase analyzed. The first order hyper polarizapidind dipole
moment results identified that the titte compousdaigood NLO material. The calculated Homo-Lumorgies

show that charge transfer occurs within the mokectihus from the knowledge of the physical and dbam
properties of these kinds of drug materials may leaimprove the properties of the tested molecafethe drugs
by applying little modifications of the structure.
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