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by ab intio HF and DFT methods

N. Surendra Babu and Teshome Abute Lelisho

Department of Chemistry, Hawassa University, HaaaEshopia

ABSTRACT

The structural, Vibrational and Raman frequencie$ B5,7-Dihydroxy-3-(4-hydroxyphenyl)chromen-4-one
(genistein)has been studied in different solvesiis¢éne, ethanol, and water)using by ab initio HaerFock(HF)
and at the Becke-3-Lee-Yang-Parr (B3LYP) densitgtianal theory (DFT) PCM method at the 6-311G ibaet.
The influence of these solvents on the optimizethgty, frequency, Mullican charge distribution eote and were
studied. The thermodynamic functions of the titechpound have been computed at HF/6-311G and B&LYP/
311G levels of theory.

Key words: genistein HF, DFT, vibrational and Raman frequencies, Maltikcharge, thermodynamic properties.

INTRODUCTION

Almost all flavone derivatives have been identiffemn botanical sources[1]. They are commonly foumdascular
plants as phenyl-benzopyrones with different basiectures. Many of the flavonoids found in plagksst as sugar
derivatives (glycosides)[2]. Owing to their activele in photo sensitization, energy transport ardutar
metabolism, many of flavone derivatives are ingegath for biochemical and pharmacological produstsduas
human diet supplements[3].Flavones and flavonolsndoin plants are yellow compounds and are the main
components of a numberof natural dyes used inleéegifeing since antiquity. Fustic, young fustic,eouitron,
Persian berries, weld, dyer's broom and saw wanickvare important yellow dyes, all contain flava®such as
guercetin, luteolin, fisetin, rhamnetin, genistaird morin[4].

Genistein, the principal soy isoflavone, is a mole®f great interest as a lead compound in antadrug design
or as an innovative chemotherapeutic agent. Eaoiksvshowed that genistein acted as an inhibitdhetyrosine-
specific protein kinases of the epidermal growthtda (EGF) receptor [5], and also inhibited theiaigt of
topoisomerases [6].Recent studies suggests thatg@npotentially inhibits proliferation of varigucancer cells
[7]and induces cell differentiation[8]and apoptd€isl0]. Meanwhile, genistein also exhibits antiaggnic[11]and
antioxidant activities[12] that are important foancer prevention. One of the most important adygstaof
genistein is its low toxicity in comparison with macurrent chemotherapeutic drugs[13]. However, dlical
utility of genistein is hindered by some of itsativantages, including poor solubility in water uffient targeting
of cancer cells, rapith vivo metabolism and excretion, and low serum level afted administration [14]. One
obvious strategy to overcome these problems ig/mthesize structurally modified genistein derivativ A large
amount of synthetic genistein analogues have beepaped in the last decade but yet meet the regeints for
practical applications [14, 15]. An alternative aségy to the labor intensive organic synthesisoisdésign
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appropriate drug delivery system that may overcdalme shortcoming of genistein and greatly improve it
performance in anticancer therapy [16, 17].

A number of papers have recently appeared in thratlitee concerning the calculation of vibrationaigesments by
guantum-chemistry methods [1Blese papers indicate that geometry optimizatiaan ésucial factor in an accurate
determination of computed vibrational frequencMsreover, it is known that the density functiona¢aory (DFT)
adequately takes into account electron correlationtributions, which are especially important instgyns
containing extensive electron conjugation and/ectebn lone pairs. However, considering that asemdbr size
increases, computing-time also increases. To opdirmbmputing-time the DFT level was used. It wagppsed that
the single-point calculation of magnetic shieldmgDFT methods was combined with a fast and redigigometry-
optimization procedure at the molecular mecharge®ll In most cases, in order to take into accaantelation
effects, post-Hartree-Fock calculations of orgamiolecules have been performed using (i) Mgller$des
perturbation methods, which are very time consunaind hence applicable only to small molecular sgsteand
(i) density functional theory (DFT) methods, whiaksually provide significant results at a relatiwdbw
computational costab initio calculations were performed as an aic$ésigning the normal modes to which the
spectral lines correspond. DFT has proven to bebtbst theoretical approach for the study of flavamel
derivatives[19,20], and for that reason we choses®e it here. Furthermore, good normal mode assgtsrare
useful in extrapolating possible spectral changesther flavone derivatives.

Literature survey reveals that to the best of ewovkedge, no ab initio HF/DFT frequency calculatiaf genistein
in different solvents have been reported so farthia study, we have investigated the structural akectronic
properties of genistein molecule theoretically,dgyforming abintio calculations because of biolagiend medical
importance of title compound.

MATERIALS AND METHODS

Computational Details:

The entire calculations performed at HF and DFTL(BB) levels on personal computer using Gaussian\09
Revision B.01, program package[21]. Initial geomajenerated from standard geometrical parametemgnizied
without any constraint in the potential energy aoef at HF level, adopting the standard 6-31G bsedis The
optimized structural parameters used in the vibrai wave number calculation sat the HF and DFEl&vto
characterize all stationary points as minima, e geometry optimization resulted in a planar ge¢omand no
imaginary frequencies were observed inthe calcdlamectrum. In addition the effects of three saisetoluene,
ethanol and water were studied by means of theceelistent reaction-field (SCRF) method based @MP
developed by Tomasi and coworkers[18]. It is ong¢hef most widely used approaches. In this modeblate is
considered inside a cavity and the solvent asuztsire less medium characterized by some paranstelsas its
dielectric constant, molar volume and polarizapiliThis consideration can substantially improve $iraulation
results for the electronic or vibrational spectayscof real molecular systems[19,20]. Finally, tedculated normal
mode vibrational wave numbers provide thermodynaprioperties also through the principle of statatic
mechanics. Vibrational frequencies were computedhenoptimized geometries in all media. By comhinthe
results of the Gauss View (5.0) program with synmgnebnsiderations, vibrational frequency assignmemeé made
with a high degree of accuracy. No scale factor wgsd in the calculated frequencies.

RESULTS AND DISCUSSION

The Genistein assumed as Cs point group of symmegidy the optimized geometrical parameters of tte ti
compound are calculated by ab initio HF and DFT(BB). levels with the 6-311G basis set. The labetihgtoms
in genistein is given in Figure 1.We designatelibazo ring in the chromone system as Ring A, thenphring as
Ring B and the pyrone ring as Ring C. The mostrnoigéd bond lengths and bond angles of this compousre
calculated in gas phase and in toluene, ethanolwaatdr, in order of increasing dielectric constéhts 2.379,
24.55 and 78.39, respectively) and shown in Tabl€dmparing bond lengths of B3LYP with those of EH$a
whole, the formers are on higher side than the;ldtecause of it is well known that the DFT(B3LYRgthod
adequately takes into account electron correlatontributions which are especially important in teyss
containing extensive electron conjugation and/ectebn lone pairs. As the result of solvent effélog calculated
geometries of genistein in solutions have someifices, but ethanol and water are almost samesydlacause of
both solvents are polarities.

3917
Pelagia Research Library



N. Surendra Babuet al

Adv. Appl. Sci. Res,, 2012, 3(6):3916-3934

Table 1 Interatomic bond distances (A° ) and bondragles() for the genistein molecule

S.No A In gas phas: In toluene In alcohol In water
HF DFT HF DFT HF DFT HF DFT

6- 311G | 6-311G | 6-311G | 6-311G | 6-311G | 6-311G | 6-311G | 6-311G
1 C1-C2 1.3332 1.3567 | 1.3337 | 1.3572 | 1.3346 | 1.3577 | 1.3347 | 1.3578
2 C1-013 1.3605 | 1.3788 | 1.3597 | 1.3782 | 1.3579 | 1.3767 | 1.3577 | 1.3765
3 C1-H21 1.065 1.0768 | 1.0649 | 1.0767 | 1.0648 | 1.0765 | 1.0647 | 1.0765
4 C2-C3 1.4688 | 1.4696 | 1.4662 | 1.4674 | 1.4625 | 1.4642 | 1.4621 | 1.4638
5 C2-C14 14841 | 1.4825 | 1.4848 | 1.483 1.4857 | 1.4837 | 1.4857 | 1.4838
6 C3-04 1.2396 | 1.2762 | 1.2427 | 1.2788 | 1.2471 | 1.2825 | 1.2476 | 1.2829
7 C3-C5 1.4528 1.4504 | 1.4521 | 1.4496 | 1.4506 | 1.4483 | 1.4504 | 1.4482
8 04-H22 1.8591 | 1.7194 | 1.8515 | 1.7098 | 1.8415 | 1.6998 | 1.8401 | 1.6986
9 C5-C6 1.4136 1.4288 | 1.4131 | 1.4282 | 1.4124 | 1.4272 | 1.4123 | 1.4271
10 C5-C12 1.3919 | 1.406 1.3922 | 1.4064 | 1.3925 | 1.407 1.3925 | 1.4071
11 C6-07 1.349 1.3641 | 1.3522 | 1.3675 | 1.3558 | 1.3716 | 1.3561 | 1.372
12 C6-C8 1.3768 | 1.3894 | 1.3757 | 1.3884 | 1.3743 | 1.387 1.3741 | 1.3868
13 07-H22 0.9555 | 0.9979 | 0.956 0.9991 | 0.9566 | 1.0002 | 0.9566 | 1.0004
14 C8-C9 1.3864 | 1.3973 | 1.3883 | 1.3992 | 1.3906 | 1.4014 | 1.3908 | 1.4017
15 C8-H23 1.0659 | 1.0777 | 1.0662 | 1.078 1.0666 | 1.0783 | 1.0666 | 1.0784
16 C9-010 1.3629 | 1.385 1.3619 | 1.3834 | 1.3609 | 1.3816 | 1.3608 | 1.3814
17 C9-C11 1.3859 | 1.3993 | 1.3851 | 1.3988 | 1.3841 | 1.3982 | 1.384 1.3982
18 010-H24 0.946 0.9719 | 0.9469 | 0.9724 | 0.9479 | 0.9729 | 0.948 0.9729
19 C11-C12 1.3774 | 1.3872 | 1.3778 | 1.3872 | 1.3783 | 1.3873 | 1.3783 | 1.3873
20 C11-H25 1.0682 | 1.08 1.0679 | 1.0796 | 1.0675 | 1.0792 | 1.0675 | 1.0792
21 C12-013 1.3673 | 1.3942 | 1.3669 | 1.3937 | 1.366 1.393 1.3658 | 1.3929
22 C14-C15 1.3888 | 1.4053 | 1.3891 | 1.4055 | 1.3898 | 1.4057 | 1.3899 | 1.4057
23 C14-C20 1.3975 | 1.4096 | 1.3969 | 1.4093 | 1.3964 | 1.4089 | 1.3964 | 1.4089
24 C15-C16 1.3883 | 1.3951 | 1.3886 | 1.3954 | 1.389 1.3958 | 1.389 1.3959
25 C1E-H26 1.071 1.0822 | 1.0707 | 1.082 1.0704 | 1.0817 | 1.0703 | 1.0816
26 C16-C17 1.381 1.3961 | 1.3814 | 1.3964 | 1.382 1.3969 | 1.3821 | 1.397
27 C16-H27 1.0718 | 1.0835 | 1.0713 | 1.0829 | 1.0708 | 1.0822 | 1.0707 | 1.0821
28 C17-018 1.3747 | 1.3929 | 1.3756 | 1.393 1.3763 | 1.3931 | 1.3764 | 1.3931
29 C17-C19 1.3864 | 1.3969 | 1.3868 | 1.3975 | 1.3873 | 1.3984 | 1.3873 | 1.3985
30 018-H28 0.9457 | 0.9717 | 0.9465 | 0.9722 | 0.9472 | 0.9725 | 0.9473 | 0.9726
31 Cc1c-Cc2C 1.379 1.3901 | 1.379¢ | 1.3907 | 1.381 1.3916 | 1.3811 | 1.3917
32 C1¢-H29 1.0685 | 1.08 1.0687 | 1.0801 | 1.069 1.0804 | 1.0691 | 1.0805
33 C20-H30 1.0677 | 1.0778 | 1.0683 | 1.078 1.069 1.0786 | 1.069 1.0787

Bond anglesf)

1 C2-C1-013 124.35 12477 12421 124164  124.02 4824. 124.00| 124.44
2 C2-C1-H21 124.58 124.79 124.61 124,84 124.67 84, 124.67 124.89
3 01:-C1-H21 111.0¢ | 110.4¢| 111.1¢| 11057 | 111.37| 110.6¢ | 111.3!| 110.6%
4 C1-C2-C3 118.2: 118.1: 118.3: 118.2: 118.4: 118.3¢ 118.4: 118.3¢
5 C1-C2-C14 120.9( 120.2p 120.79 120{17 120.79 1120. 120.80| 120.1Q
6 C3-C2-C14 120.89 121.6p 120.89 121/62 120.79 5521l. 120.76| 121.54
7 C2-C3-04 12190 122.08 12196 122[10 122,00 P22.1122.00| 122.13
8 C2-C3-C5 116.63 11692 116.67 116,98 116.75 P1y.0116.76| 117.02
9 04-C3-C5 12147 | 121.0C | 121.37| 120.9: | 121.2f| 120.8¢ | 121.2¢ | 120.8¢
10 C3-C5-C6 122.4¢ | 12177 | 12257 | 121.8¢| 122.7:| 122.0: | 122.7:| 122.0:
11 C3-C5-C12 120.32 121.0p  120.29 121j00 120.23 .962D 120.23| 120.9
12 C6-C5-C12 117.24 117.20 117.14 117)12 117.05 .021f 117.04 117.01
13 C5-C6-07 121.73 120.78  121.%6 120552 121.38 2820. 121.36| 120.27
14 C5-C6-C8 120.68 12051 120.T8 12061 120.86 712D. 120.87| 120.77
15 0O7-C6-C8 117.5¢ | 118.7¢ | 117.6¢ | 118.87 | 117.7¢ | 119.0C | 117.7 | 119.0:
16 C6-07-H22 113.63 109.2p 11329 108/94 112.85 .5¥0B 112.80| 108.5Q
17 C6-C8-C9 119.51 1196 11951 119/61 119.53 621P. 119.53| 119.67
18 C6-C8-H23 120.08 120.08 120.15 1205 120.22 .2BR0Q 120.22| 120.24
19 C9-C8-H23 120.41 12031 120.34 12024 120.26 .1820 120.25| 120.14
20 C8-C9-010 116.54 116.26 116.49 116/22 116.34 .101p 116.32| 116.09
21 C8-C9-C11 121.83 121.89 12176 121|82 121.69 .7B21l 121.69| 121.73
22 010-C9-C11 121.63 121.85 12174 121{96 121.97 2.162] 121.99] 122.19
23 C9-010-H24 115.19 112.46 115.80 112]74 115.47 3.061] 115.48 113.04
24 C9-C11-C12 11751 11746 11751 117/47 117.50 7.481] 117.49| 117.44
25 C9-C11-H25 122.71 122,69 12259 122|57 12249 2.482] 122.48| 122.41
26 C12-C11-H25 119.7 119.84 119.90 119|196  120.0220.08 | 120.03] 120.09
27 C5-C12-Cl11 123.21 123.31 123.80 123[37  123.38 3.452] 123.38] 123.46
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2. Table.

28 C5-C12-013 119.55 119.54 11950 119{47  119.43 9.401] 119.42] 119.39
29 C11-C12-013 117.2% 117134 1170 11715 117.1917.1%| 117.20] 117.1%
30 C1-C13-C12 120.92 11957 121.p1  119(68 121.15 9.821] 121.17| 119.83
31 C2-C14-C1t 120.5: | 120.37 | 120.5: | 120.4C | 120.6¢ | 120.47 | 120.7C | 120.4¢

32 C2-C14-C20 121.34 12156 121.23 121}49 121.06 1.372] 121.04| 121.3f
33 C15-C14-C20 118.14 118.q7  118.19  118{10 113.2418.15| 118.24] 118.1¢
34 C14-C15-C16 121.26  121.27  121.p3 121|127 121.2121.26| 121.21] 121.2¢
35 C14-C15-H26 119.81 11977 119.81 119{80 119.8119.8D| 119.81] 119.8(
36 C16-C15-H26 118.92 118.93 118.95 118{91 118.9718.9B| 118.98] 118.94
37 C1&-CleC1y 119.4° | 119.50 | 119.4¢ | 119.5: | 119.4%| 119.5( | 119.4: | 119.5(

38 C15-C16-H27 120.03 120.03  120.p6  120{06  120.1120.07 | 120.11] 120.0j
39 C17-C16-H27 120.5 120.44 12048  120{41  12(0.4520.42 | 120.45] 120.41
40 C16-C17-018 122,70 122,89 12250 122{83 122.5722.8B| 122.57| 122.84
41 C16-C17-C19 120.30  120.21  120.33  120{22  12(0.3720.28 | 120.38] 120.24
42 018-C17-C19 117.01 116.90 117.p7 116{95 117.0616.98| 117.06] 116.92
43 C17-018-H28| 11471  112.09 11468 112[22 114.6712.3D| 114.68 112.4(
44 C17-C19-C20 119.82 119.96 119.6 11992 119.7219.89| 119.72] 119.8¢%
45 C17-C19-H29 118.8 118.74 118.97  118({89 119.1619.0b| 119.18] 119.04
46 C20-C19-H29 121.3 121.30 12126  121{19 121.1221.06| 121.10] 121.0f
47 C14-C20-C19 121.01 12096 121.p2 120{97 121.020.96| 121.02] 120.9¢
48 C14-C20-H30 119.6 119.50 119.y2  119(59 119.7619.65| 119.77] 119.6%
49 C19-C20-H30 119.30 11954 11926  119{44 119.2219.3D| 119.21] 119.3§

different solvents with respect to gas phase and¢ir assignments HF/6-311G method.

Vibrational frequencies (crif),IR intensities and Raman interties of genisteiin various solvents , the frequency shiftg) in

mode Assignments In gas phase In toluene In ethanol In water
NO Fre IR R A IR R A IR R A IR R
1 | emmemmeeeeee 37 0 1 0 1 14 -1 0 5 -1 1 7
2 48 0 9 9 0 2 5 1 19 6 1 18
3 | e 67 0 2 0 0 3 2 1 4 2 1 5
L 113 0 0 0 0 1 0 1 1 1 1 1
5 139 0 1 1 0 1 -3 0 1 -3 0 1
6 | e 202 1 0 1 1 0 3 1 0 3 1 0
7 | emememmeemeeene 231 0 0 0 1 0 1 1 1 1 1 1
8 23¢ 0 3 1 0 4 2 1 5 2 1 5
9 Ring A,B,C ip stretc 26€ 4 1 0 4 2 1 5 3 1 5 3
10 Ring A,B,C, C-OH deformation 306 9 1 -2 2 B -2 f 6 -2 8 6
11 Ring A,C-OH deformation 322 136 2 -5 22 L -5 L 3 -5 2 4
12 Ring A,B,C , deformation ,0-H out of plang 32 94 3 -3 199 6 -11 268 4 -1Q 274 4
13 018-H28 out of plane 373 2 1 -2 K L D 10 1 0 101
14 O-H out of plan 391 18C | 3 -5 31 1 -6 34 1 -7 35 1
15 01C-H24 out of plane ber 394 31 1 -17 | 215 | 4 -9 26€ 4 -7 27z 4
16 Ring B,018-H28,C=0 out of plane 427 p b D 1 7 11 8 1 2 8
17 Ring A,B,C deformation 442 5 2| 0 1 3 [t 9 b D 2]
18 Ring B C-C ,018-H28 stretch 459 4 | -L 10 2 0 14 3 0 14 3
19 Ring B C-C In plane stretch 478 1 L | P 1 1 P 2-1 2 2
20 Ring B, C-H out of plane ber 528 3 1 -3 4 1 -7 14 2 -8 18 3
21 Ring A,B out of plane deformatir 53¢ 29 3 1 36 4 1 37 5 1 35 5
22 Ring A,B,C,C-C deformation 561 28 1 q 29 L D 371 0 38 1
23 Ring A,B,C, C-C deformation 591 33 1 2 42 4 P 84 3 2 55 4
24 Ring A,B,C deformation 621 4(Q 4 -1 4B b -2 51 9 -2 51 9
25 Ring A,B, C-C In plane bend 635 1 19 R 80 0 2 46 0 2 47
26 Ring A brethint 672 6 2 0 9 2 1 13 3 1 14 3
27 Ring A,B,C deformation 693 0 0 0 1 q . 64 L B 91p 1
28 Ring A,B rock 696 16 3 -1 19 6 -1 25 q 3B
29 Ring a,B,C C-C,C-H out of plane 714 17 4 L B8 714 167 6 16 125 5
30 Ring A,B deformation 721 4 5 1 7 6 3 28 14 B 2016
31 Ring B deformation 760 42 2 14 167 L 38 21 0 B9 12 0
32 Ring B,C-H out of plane, C-H bend 768 1p7 0 B 72 1 3 3 1 3 4
33 Ring B C-H out of plane, C=C stretch 811 4 2 0 53 -1 6 6 -1 6 6
34 Ring A ip, C=C stretch 852 2( 20 q 29 28 D 46 B7 0 48 38
35 C11-H25 out of plane bend 889 47 4 i b3 6 12 0118 -1 118 8
36 C16-H27,C15-H26 out of plane bend 894 10 [16 2 122 3 16 32 3 16 33
37 Ring B breathing 915 1283 0 0 134 D 1 185 1 5 1332
38 07-H22, C8-H30 out of plane bend 934 0 3 2 284 -6 1 0 -5 1 0
3919
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39 C19-H29, C20-H30 out of plane bend 94] 2 0 2 1 06 17 3 5 14 3
40 C-H,0-H out of plane bend 953 39 11 P b4 L5 34 B21 3 89 22
41 Ring B,CC bend,COC strip 964 48 b | 51 3 53 183 54 19

] K 9
42 Ring B C-H out of plane ben, (-H21, ben 105¢ 9 9 0 15 25 1 33 38 1 36 40

43 C16-H27,C15-H26 out of plane bend 106| -12 10 13

=
)
=
~
T
w
o)
o)
\
N
N
iR
o
=
)

44 Ring a Trigonal stretch 1079 1 6 -2 p B {7 p 10-8 2 10
45 Ring B CH out of plane bend 1112 D D D 0 0 2 723 8 -2 248 9
46 Ring A,B Trigonal stretch 1120 72 2 2 141 8 B L 0 3 1 0
47 Ring B trigonal stretch 1125 44 2 1 36 4 B 29 23 29 2
48 Ring A B C quinoid stretch, C-013 S 1152 12 5 0 14 | 10 -1 14 18 -1 14 1¢
49 Ring B CH bend(out of phase),OH bend 1220 22 1 020 1 1 23 2 1 23 2
50 | RiNg B CHnplane bend ,018-H28,010- | 1557 | 550| 6| 2| 244 14 5| 260 3p d 212 35
H24 bend
51 018-H28 bend 1245 100 6 q 136 10 il 181 [13 1 1863
52 Ring A b C CH,018-H28 In plane bend 1274 107 {11 147] 19 -2 194 28 -2 194 29
53 018-H24,C11-H25 In plane bend 1304 169 18 0 P531 2 342 | 22 2 350, 22
54 Ring B CH In plane bend 1309 3p b | 24 6 3 20 93 21 9
55 07-H22,010-H24,C8—H23 in plane bend 1337 647 |31 767 3 4 861 5 4 868 5
56 Ring B CH In plane bend, C2-C14 St 1351 3 1 1 24 4 11 14 5 12 15
57 Ring B CH In plane ben, C17-018 stretch 1360 272 0 29 3 1 29 5 2 29 5
58 07-H22 bend,CH In plane bend 138y B4 13 2 28 194 23 26 4 23 27
s9 | RNIBCH CLH2L Inplanebend, CC | 9405 | 25| 25 o| 42/ 20 1| 77 25 1 s 35
60 C6-07 stretch,07-H22 bend,C11-H25 bend 1440 853 |52 94 | 93 4 99 | 159 4 100 166
61 C1-H21 ip bend,Ring B CH iplane ben 1478 | 212 | 18 0 25z | 29 0 35z | 68 1 363 | 74
62 01€&-H28 bend, Ring B CH in plane be 1484 25 | 22 0 44 | 46 1 38 66 1 37 69
63 OH,CH ip ben,Ring AB C ,CC bend 150 34 11 3 1613 5 56 20 5 57 21
64 07-H22 010-H24 in plane bend 1537 116 19 2 1556 |3 3 193 | 66 3 197 69
65 018-H28 bend Ring B CH in plane bend 1579 5 1 16 2 3 6 4 3 6 4
66 | Or1122010-H24, CRn planebend.C=0 | 1g17 | 131| 24| 4| 163 49 9 220 oL 10 230 08
67 C=0 st,07-H22 bend,Ring A CC stretch 1654 103|112 142| 20 7 212| 38 7 227 40
68 Ring B CH in plane bend 1688 114 8 D 132 9 4 15a2 4 150 12
6o | -0 StOTH2zbendipbend, C1=C2 1745 | 126| 26| 7| 86| 38 29 215 4y 2h 234 48
70 C=0,C1=c2 st,07-H22 ,010-H24 bend 1760 05 3 7 4 B314 14 421| 59 14 422 65
71 Ring A B quinoid stretch 1766 146 3 3 95 3 b 9313 5 95 14
72 C1=C2 stretch,Ring A B ,CCC stretch 1799 2 B7 5113 | 59 12 171 104 13 17 111
73 C1=C2 stretch 1807 213 143 3 231 190 7 247 21 7249 | 222
74 07-H22 benc Ring A quinoid stretc 183¢ | 70¢ | 19¢ 9 | 874 31C| 19 | 1047 | 44| 19 | 106% | 462
75 C1€-H27 , C1:-H26) asymmetric stret 332t 24 72 -8 22 84 -15 21 10€ | -15 21 111
76 C16-H27 ,C15-H26 stretch 3349 17 90 5 Pl 1420 1126 | 197 -10 23| 134
77 C19-H29 , C20-H30 asymmetric stretch 3373 7 72 610 89 12 12 123 13 16 192
78 C11-H25 ,07-H22 stretch 3379 . 96 -b P 139 M 1322 0 18 | 341
79 C19-H29 ,C20-H30 stretch 3393 5 113 r 9 187 4 1198 3 1 204
80 C8-H23, stretc 341t 0 | 11¢ 5 0 | 165 | 12 1 227 | 12 2 23t
81 C1-H21 stretcl 342t 8 71 -1 7 10¢ -5 5 16C -5 5 16€
82 07-H22 stretch 3883] 228  3F 14 2P0 %4 B1 371  |743 |3379 | 76
83 018-H28 stretch 4086 112 129 13 151 169 P8 19714 |2 30 202 | 218
84 010-H24 stretch 4089 83 141 g 112 166 PO 143 |1902 146 | 193

According to molecular structure of genistein havanly three different bond lengths between diffier&tom such
as C-C,C-0O, and O-H .Fig.2 shows the bond lengét&den C-C. The bond length between C1-C2 has &uey
when compared to other C-C bonds in the molecideghie C1-C2 represent double bond in the molediie.bonds
C2-C3, C2-C14 and C3-C5 are showing higher valwesparison of other all C-C bonds, because of thesels
represents C-C single bonds in the molecule. Ther@romatic C=C bonds are showing different vatleggending
upon the subsutuents.C5-C6 bond length is higlaer tther the aromatic C=C bonds, due to the re@soand C6
attached to carbonyl carbon (C3=04) and hydroxyugr (O7-H22) respectively and C6-O7-H22 involve i
hydrogen bond with O14 atom.

Fig.3. shows the calculated bond lengths betweét i@-different solvents and HF and DFT methods. @w-H
separation that is less than the sum of O and lderavaals radii ( 0.14 and 0.12 nm ,respectivel@ssigned to the
inteamolecular hydrogen bonding[22].One intramolactydrogen bond is observed: the oxygen of thbarayl
group and the hydrogen of the 7- OH; the distascghow in table 1 in different media and differemdthods. The
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0O7-H22bond length is have higher value than theH28-and O18-H22 bond lengths in both methods ahd al
solvents, because of the O7-H22 bond is involviatiramolecular hydrogen bond with O4 atom showfigrl.The
bond angles between C6-O7-H22 is less than the btred angles between C17-010-H28 and C9-O10-H24 .

3. Table. Vibrational frequencies (crf),IR intensities and Raman interties of genisteiin various solvents , the frequency shiftg() in
different solvents with respect to gas phase and ¢ir assignments DFT(B3LYP) /6-311G method.

mode Assignments In gas phase In toluene In ethanol In water

NO Fre IR R A IR R A IR R A IR R

1 35 0 1 -2 0 2 0 1 3 0 1 3
2 51 0 11 0 1 18 6 1 24 6 ] 30

3 67 0 3 1 0 4 3 1 5 3 1 5
L 112 0 1 -1 0 1 1 0 2 1 0| 2
5 132 0 2 -2 0 3 0 0 4 1 0] 4
I 191 0 0 1 0 0 3 0 0 3 0| 0
A 216 0 0 0 0 0 1 0 1 1 0| 1
I 227 0 3 1 0 3 2 1 3 3 1 4

9 Ring A,B,C ip stretch 245 2 1 0 2 2 q B L B B
10 Ring A,B,C, C-OH deformation 284 1 1 -1 1 L 2 R 3 -2 2 3
11 Ring A,C-OH deformation 298 0 2 -] 1 3 L b 0] 15
12 Ring A,B,C, deformation ,O-H out of plane 345 D1 -2 2 1 -2 3 2 -2 3 2
13 018-H28 out of plane 360 150 4 -2 15 b ;I3 224 |5-6 | 230 5
14 O-H out of plane 375 35 1 -2 51 ] - 42 2 D 13 2
15 010-H24 out of plane bend 39 144 u 11 4 9 1106 12 -9 6 12
16 Ring B,018-H28,C=0 out of plane 40B b i -0 12 5-10 | 30 7 -10| 46 7
17 Ring A,B,C deformation 412 4 3 -6 162 4 # 187 |4-3 | 177 5
18 Ring B C-C ,018-H28 stretch 429 1 2 v 6 2 47 -1 15 6
19 Ring B C-C In plane stretch 435 2 b 11 7 7 0 8210 7 12
20 Ring B, C-H out of plane ber 47€ 4 2 -3 6 3 -6 6 4 -6 7 4

21 Ring A,B out of plane deformati 49¢ 27 4 0 35 6 1 46 8 1 47 8

22 Ring A,B,C,C-C deformation 523 16 [0 21 0 0 P8 1 0 28 1
23 Ring A,B,C, C-C deformation 543 18 1 23 il 1 B0 1 1 31 1
24 Ring A,B,C deformation 571 53 5 g 6p 1 18 15-1 79 16
25 Ring A,B, C-C In plane bend 591 4 24 D b B8 0 662 0 6 65
26 Ring Abrething 617 2 0 -1 1 0 -1 1 0 -1 1 0

27 Ring A,B,C deformatio 62€ 6 4 0 8 5 1 12 6 1 13 6

28 Ring A,B rock 638 10 0 -1 11 1 -2 1P Y - 13 p
29 Ring a,B,C C-C,C-H out of plane 64p i 1 11 8-1 14 | 15 -1 14 16
30 Ring A,B deformation 664 0 7 0 1 11 -1 p 17 {1 2 18
31 Ring B deformation 675 3 3 0 4 4 -1 B 3] -1 3 3]
32 Ring B,C-H out of plane, -H benc 73t 5 1 -1 7 2 -1 8 4 -1 8 4

33 Ring B C-H out of plane, C=C stret 78E 10 3 -1 12 6 -2 2C 22 -2 22 27
34 Ring A ip, C=C stretch 791 14 67 q 18 1p3 |0 1401 O 21| 140
35 C11-H25 out of plane bend 813 85 D 5 123 |1 1108 1 1 317 1
36 C16-H27,C15-H26 out of plane bend 831 18 7 -1 143 5 1 2 5 5 2
37 Ring B breathing 832 12 1] - p 13 P 16 P1 2 1621
38 07-H22, C&H30 out of plane ber 84€ | 10¢| 1 10 | 127 ] 1 11 | 22 | 16 10 20 16
39 C1¢-H29, C2(-H30 out of plane ber 861 | 41 1 3 49 1 7 1 0 7 1 0

40 C-H,0-H out of plane bend 865 3b D 6 22 0 10  [823 10 86 3
41 Ring B,CC bend,COC strip 891 2p 24 D 25 B8 1 2%8 1 29 60
42 Ring B C-H out of plane ben, C1-H21, bend L7 95 -5 12 8 -10| 15 14| -11 15 14
43 C16-H27,C15-H26 out of plane bend 958 0 1 -5 1 19 3 2 -9 3 2
44 Ring a Trigonal stretch 984 14 3p L 21 44 2 B27 |5 2 34 58
45 Ring B CH out of plane bend 990 1 D L P 1 Fl 2 4-1 2 5
46 Ring A,B Trigonal stretch 1039 72 4 . 126 B 5 32015 6 211 16
47 Ring B trigonal stretch 1044 16 3 12 A R 10 42 10 4
48 Ring A B C quinoid stretch, C12-013 St 1063 23 5-1 30 9 -2 39 16 -2 40 17
49 Ring B CH bend(out of phase),OH bend 1138 141 |50 192 | 22 4] 270 50 5 284 53
50 | RingBCHInplanebend O18-HZBOLOH2Y) 1145 | 49| 13| 1| 30| 12 3] 26 10 4 26 2p
51 018-H28 bend 1179 590 58 1 749 0 3 881 [132 3 6 (88135
52 Ring Ab C CH,018-H28 In plane bend 1188 13 4 023 7 1 61 12 1 70 13
53 01€-H24,C1:-H25 Inplane ben 1211] 13 | 3¢ | -2 | 15 | 39 | -2 | 20 | 50 -2 21 51
54 Ring B CH In plane bend 1223 28 12 D 2 P1 2 2526 3 22 26
55 07-H22,010-H24,C8—H23 in plane bend 1256 250 [6-1 | 337| 7 1] 390 2 2 38 2
56 Ring B CH In plane bend, C2-C14 St 1273 Y0 w7 061 71 0 85| 109 1 92 113

3921
Pelagia Research Library



N. Surendra Babuet al Adv. Appl. Sci. Res., 2012, 3(6):3916-3934

57 Ring B CH In plane ben, C17-018 stretch 1289 [145 2 12 9 5 9 16 5 8 17
58 07-H22 bend,CH In plane bend 13p8 126 PO 1 1638 |1 3 | 229| 143 3 237 14§
59 Ring B CH, C1-H21, In plane bend, CC stretch 218314 86 0 23| 183 2 36 318 2 37 332
60 CE6-07 stretch,0-H22 bend,C1-H25 ben: 1347 | 55 | 28 3 64 | 44 5 82 | 65 6 84 67

61 C1-H21 ip bend,Ring B CH in plane bend 1382 B4 51 47 9 2 64| 17 3 66 18
62 018-H28 bend, Ring B CH in plane bend 1387 32 2-2 34 4 -1 33 4 0 32 4
63 OH,CH ip ben,Ring AB C ,CC bend 1422 21 6 1 B013 -1 59| 28 -1 66 33
64 07-H22 010-H24 in plane bend 1484 227 D4 1 B3D5 2 3 | 464| 419 3 474 443
65 018-H28 bend Ring B CH in plane bend 1465 2 22 05 56 4 15| 123 4 16 129
66 St;zﬁz’ow""”’ CHinplanebend.C=0 | 4,761 g7 | 39| 3| 99| 53 6| 96 64 71 96 6F
67 C=0 st,07-H22 bend,Ring A CC stretch 1517 100 (123 | 134| 20 6| 18§ 31 7 192 32
68 Ring B CH in plane bend 1588 76 29 D 4 B8 3 9511 3 97 40
69 C=0 St,07-H22 bend ip bend, C1=C2 stretch 15820 |1 80 4 | 168 103 10] 236 179 11 243 119
70 C=0,C1=c2 st,07-H22 ,010-H24 bend 1613 B2 |27 29 |256 6 25| 110 7 25| 116
71 Ring A B quinoid stretch 1620 81 11 | 1P3 7 4901 98 4 197| 105
72 C1=C2 stretch,Ring A B ,CCC stretch 1634 136 4972 | 157| 764 4| 179 99% 5 176 1002
73 C1=C2 stretch 1655 5% 294 1 64 483 |6 70 Y41 6 7168
74 07-H22 bend,Ring A quinoid stretch 1695 503 195 | 667| 334 11| 866 533 12 885 553
75 C16-H27, C15-H26) asymmetric stretch 3156 p6  [9%7 29 | 117 8| 536 201 120 549 20p
76 C16-H27 ,C15-H26 stretch 3180 15 86 4 400 129 | @3 | 142 8 23| 146
77 07-H22 stretch 3202 277 51 18 18 140 A3 22 p123 |122 | 218
78 C19-H29, C20-H30 asymmetric stretch 3204 |2 113 8 | 164| 7 13| 244 8 14 24
79 C11-H25 ,07-H22 stretch 3206 24 147 6 4 169 113 | 242| -12 2 250
80 C19-H29 ,C20-H30 stretch 3232 14 4 5 122 11 |1P29| 12 11| 245
81 C8-H23, stretc 323t | 0 | 147 | 4 1 [20¢| 9 2 301 1C 3 311

82 C1-H21 stretch 3245 7 79 - 1 121 6 5 193 |6 5201
83 018-H28 stretch 3700 62 220 4 90 283 |8 159 B87 462 | 401
84 010-H24 stretch 3701 66 226 4 1p0 315 |8 103 383 106 | 384

Fig.4. represents the calculated bond lengths estvw@H in different solvents and HF and DFT methdde C-O
bond lengths are different values due to the chalng@nvironment, the C3-04 bond length is very laalue, it is
represented by carbonyl group(C3=04), C6-O7(C-QsHpw value compared of other C9-010(C-O-H) and/C1
018(C-0O-H) bond lengths due to C6-O7 involve in thigamolecular hydrogen bond. In all solvents Hend
angles are approximately the same in all the medidle the size of C2-C3-C5 and C1-C13-C12 increagh
increasing solvent polarity. This is large variatics due to the intramolecular hydrogen bonding el
electrostatic interaction of the solute with théveat.

Vibrational Assignments:

According to the theoretical calculations, genistes a structure of Cs point group symmetry. Thieaule has 30
atoms and 84 modes of fundamental vibrations. #dl 84 fundamental vibrations are active in botrabd3orption
and Raman scattering. The vibrational wave numheese calculated using the ab initio HF/6-311G and
DFT(B3LYP)/6-311G level of theory to get the optmad geometry(Fig.1) under different media. The absef
imaginary values of wave numbers as the calculatbdhtional spectrum confirms that the structurelwzd
corresponds to minimum energy.No scale factor wsed un the calculated frequencies. Gauss view natdec
visualization program was used to assign the cafledl harmonic frequencies. The resulting vibratiomave
numbers, IR intensities, Raman intensities for tpimized geometry of title compound and the pregos
assignments, and also the frequency shifts in rdiffesolvents with respect to gas phase are giveaahle 2 and
3.The calculated IR spectra and Raman spectragloging Lorentizian band shape with a bandwidt{Fe¥HM)
of 20 cm'as shown fig (6 -9) in different solvents.

The results shows that the frequency values atewEl lare higher than the DFT method; the DFT pantit the

electronic energy E =& E, + § + E, where E E,, andE are electronic kinetic energy, electron nucletraation

and electron-electron repulsion terms respectivEe electron correlation is taken into accourthien DFT via the
exchange-correlation term,& which includes exchange energy arising from tméisgmmetry of quantum
mechanical wave function and dynamic correlationtie motion of individual electrons, and it make§TD
dominant over the conventional Hartree-Fock(HF)dpiezr[23].

Genistein molecule contains three O-H groups, treo(@7-H22 & 010-H24) benzo ring in the chromonsteyn
and one is(O18-H28) phenyl ring system. In bothaliRl Raman, vibrations 84 and 83 assigned for O140-&i
018-H28 (3701, 3700 ch) respectively and Vibration 77 assigned for 07-H3202 cni) at B3LYP level. The
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07-H22 bond vibration wave number is lower thaneothOH groups, which explained the electronic baraef
the molecule and confirmed that the hydroxyl gréoms a strong hydrogen bond between the phengticdgen
atom and the negatively charged carbonyl oxygemato

Table 4.Atomic charges (e) and dipole moments (Debyof genistein in various solvents

Atom Name HF/6-311G DFT/6-311G
Gas Toluene | Ethanol | Water Gas Toluene | Ethanol | Water

C1 0.2774 0.2922 0.9317 0.3173 0.1598 0.1689 0.1846.1866
C2 -0.2817| -0.2912| -0.4471 -0.3005 -0.1860 -0.18850.1917 | -0.1923
C3 0.6038 0.6187 1.6681 0.6398 0.37H9 0.3831 0.3926.3937
04 -0.5949| -0.6163| -1.3654 -0.6503 -0.4735 -0.49020.5129 | -0.5155
C5 -0.2954| -0.2951] -0.8358 -0.2945 -0.20R8 -0.2(0320.2026 | -0.2026
C6 0.486: 0.485( 1.050¢ | 0.484( | 0.334: 0.333: 0.331: | 0.331:
o7 -0.7742| -0.7886] -1.0613 -0.80%9 -0.6052 -0.62080.6382 | -0.6398
Cc8 -0.2432| -0.2510, -0.586(0 -0.2634 -0.1658 -0.17240.1822 | -0.1832
C9 0.4760 0.4760 1.3161 0.4762  0.30¥3 0.3071 0.3070.3071
010 -0.7499| -0.7665 -1.1240 | -0.7863| -0.6067| -0.6217 -0.6369 -0.6383
Cil1 -0.2666| -0.2637| -0.7315| -0.2556| -0.1828 -0.1799 -0.1728  -0.17(8
C12 0.3970 0.4011 1.1284 0.4092 0.2643 0.2677 0.2730.2737
013 -0.6858| -0.6880, -1.3212 -0.6884 -0.5048 -0.50670.5066 | -0.5064
C14 -0.0115| -0.0197] -0.0472 -0.0383 -0.0440 -0.0%010.0637 | -0.0656
C15 -0.1370| -0.1353] 0.0685 | -0.1309| -0.1090] -0.1117 -0.1116  -0.1102
C16 -0.2118| -0.2149 -0.2620 -0.21%6 -0.1855 -0.18940.1910 | -0.1909
C17 0.3800 0.3801 0.8164 0.3787  0.2645 0.2653 0.2650.2653
018 -0.7607| -0.7798  -1.0576 -0.8021 -0.6156 -0.63290.6515| -0.6532
C19 -0.2032| -0.2111] -0.2078 -0.2244 -0.1802 -0.188€0.1995| -0.2008
C20 -0.0671| -0.0787| 0.1066 | -0.0980| -0.0533] -0.063Z -0.0764  -0.07)78
H21 0.2235 0.2356 0.1024 0.2497 0.2075 0.2196 0.2830.2343
H22 0.4638 0.4646 0.5676 0.4646  0.3973 0.3964 @.3940.3942
H23 0.2202 0.2194 0.1035 0.2157 0.1969 0.1966 0.1940.1937
H24 0.4141 0.4314 0.4428 0.4514  0.3792 0.3969 0.4150.4176
H25 0.2032 0.2165 0.10446 0.2330 0.18]6 0.1956 6.2110.2132
H26 0.1769 0.1867 0.0564 0.2001 0.1626 0.1725 8.1850.1866
H27 0.1722 0.1869 0.0486 0.2062 0.1544 0.16094 2.1870.1890
H28 0.4036 0.4192 0.4125 0.4379 0.3707 0.3868 @.4040.4060
H29 0.1929 0.1952 0.0591 0.1969 0.1749 0.1771 6.1780.1786
H30 0.1920 0.1910 0.0627 0.1931 0.1840 0.1816 0.1790.1789

u 6.4509 7.4205 8.7344 8.8741  6.2589 7.28/70 8.6618.8051

Table.5. Calculated energies (a.u), zero-point vilational energies (ZPVE) (kcal mot), Thermal Enthalpy (A H)(a.u) Thermal Free
Energy (A G)(a.u), Entropies (cal mol*k Y and Cv (Cal/Mol-Kelvin) for Genistein in different solvents.

Parametel Methoc Gas Tolueng Ethana watel
HF/6-311G | -947.985§ -947.9858 -948.00p4 -948.0106
DFT/6-311G| -953.6987 -953.7081 -953.7189 -953.7200
HF/6-311G 149.3189| 149.1888  148.9809  148.9412
DFT/6-311G| 138.2946| 138.286f 138.09%56  138.0699
HF/6-311C -947.732. | -947.743. | -947.756! | -947.757!
DFT/6-311C | -953.461' | -953.471: | -953.482. | -953.483!
HF/6-311G -947.7907 -947.7434 -947.7565 -947.7%578
DFT/6-311G| -953.5212 -953.5306 -953.54l9 -953.5430
HF/6-311G 121.814 122.179 121.940 122.082
DFT/6-311G 124.978 124.757 125.261 125.309
HF/6-311C 58.55: 58.54: 58.61: 58.63:
DFT/6-311G 62.911 62.822 62.890 62.898

Total Energy

ZPVE

Enthalpy

Free energy

Entropy

Cv
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Bond length(A)

Fig .1. Molecular structure of the genistein molecle calculated with the DFT(B3LYP)/6-311G level.
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Fig.3. Theoretical calculated bond lengths between differgryen - hydrogen atoms at HF and
B3LYP/6-311G levelin different solvents

The vibration modes 84,83 and 82 assigned for O20:18-H28and O7-H22(4089, 4086,3883mespectively

at HF level. The Raman intensities are higher tRamtensities in all cases. The C-H stretchingailon modes are
assigned 81-75 and 81-75(expect 77) in the rang@4@5-3325 cm and 3245-3156 ciat HF and DFT levels
respectively. The C-H stretching modes usually appéth strong Raman intensity and are highly ga&t. The
band predicted by DFT to be at 1613tn70),attributed to the C=0 stretch is either too kveablended with the
more intense 1583 cin(v69)peak to be observed. Both intense bands 163468 cnl involve ring quinoid-like
stretches in addition to C=0 stretches. The webked at 1476 cth(v66) also involves considerable OH inplane
bending. In all the previously studied flavones thest intense lines were those near160d,arwhich represented
the C=0 and C2=C3stretching region. The vibratiomsdes at 1434 and 1328 Ctassigned for O-H in-plane
bending and CH bending vibrations. The most intenbnes at 1695ci{v74) is assigned O7-H22 bend and Ring a
quinoid stretching and at 1179¢rtv51) is assigned for O18-H28 bending vibration. Pheminent band at 392 ¢m
!(v15) and 360cm (v13) involves mostly O-H out of plane bends. Thegeaf 523 to 675cthis assigned for Rings
deformations. The bands in the region from1400 6601cm' are associated with aromatic in-plane skeletal
vibrations, double bond character of the carbomglug and the aromatic character of the pyrone rimg,the
overlapping of C = O with C = C. Note also thatcept for the band at 1558 &(w68), all the bands between1476
and 1613 cm involve the C = O stretch and the C2 = C3streidth some degree of O—H bend.

Solvent effect

The results in Table 2 and 3 indicate that solvéwatge effects on the peak locations of Vibratiomaldes shift
higher and lower values. In general the more ptilarsolvent is, the larger effect it has. But somades, the
difference between the frequency shifts in diffémsivents are maximum 12 énindicting that these solvents have
essentially the same effect on these Vibrationabesoof genistein. From the comparison of the fraque
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intensities in solutions with these in gas phasean be seen that the intensities of IR and Raimamsities are
increase.
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1.38 +
1.36
— 1.34 1 —m—gas HF
< E —o— toluene HF
~ ethanol HF
g 1.32 —w— water HF
[o)) i gas DFT
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C3-04 C12-013 C1-013 C6-07 C9-010 C17-018

Bonds between different C - O

Fig.4. Theoretical calculated bond lengths betwitearent carbon - oxygen atoms at HF and
B3LYP/6-311G levelin different solvents

Other molecular properties

Mulliken charges

The calculation of effective atomic charges playsimportant role in the application of quantum meadbal
calculations to molecular systems. The net atorhiarges of Gensitien in various solvents by usinglik&n
population Analysis (MPA) method[24], finding the@idence of charge transfer and polarization. Thdlik&n
charges calculated different levels and in medidi in table 3. The results can, however, betterebresented in
graphical form as has been given in figure 5. Tigeicant influences of the solvents on the atomlarges are
observed from the calculation. The atomic chargesircrease with increasing solvent polarity frooluéne to
ethanol to water, the values of atomic chargestliar®l are large variation in HF method but noDRT. All
carbon atoms making bond with oxygen atom havetipesexcess charge, the rest of the carbon atorme ha
negative excess charges accumulation. The C14 htwm very low value in all cases, because of & tertiary
carbon.

The dipole moment of Gensitien computed at HF aml(B3LYP)/6-311G level, increases as the dielectric
constant of the medium increases as shown in gatile dipole moment is related to the hydrogen banideration.
When the solute interacts with solvent, the higitebstatic interaction and large polarization barinduced by the
stronger hydrogen bonding interaction between sa@nt solvent.
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Thermodynamic parameters

levelin different solvents

Tables 4 summarize energies of the optimized strastof the title compounds obtained by HF and BBLYP
method in the gas phase, in toluene, ethanol andrwaurther, some calculated thermodynamic pararmeire
presented in Table (4).The total energies obtaimethe B3LYP level is the lowest for each solvend dahat

obtained at HF level is the highest

. Analyzing theults of the thermodynamic functions we see thattotal

energies and ZPVE decrease with increase solvdatityoother hand enthalpies and entropies areesme with

increase solvent polarity.
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Fig 6. Calculated Vibrational spectra of genistein in gas phase
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Fig 7 Calculated Vibrational spectra of genistein in gas phase (a),
toluene (b). ethanol(c) and water (d) at DET (B3LYPV6-311G level.
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Fig 8. Calculated Raman spectra of genistein in gas phase
(a) toluene(b) ethanol(c) and water(d) at HF/6-311G level
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Fig 9 Calculated Raman spectra of genistein in gas phase (a), toluene
{b). ethanol(c) and water (d} at DFT (B3LYP)6-311Glevel.
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different solvents at HF/6-311G methods.
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CONCLUSION

The equilibrium geometry of gensitien has beeniabthat HF and B3LYp levels of theory using thel8-G basis
set in different solvents. Comparing bond lengthB3LYP with those of HF as a whole, the formers an higher
side than the later and both the methods have npeefib nearly to the same level across the bond arggts.
Attempts have been made for the proper frequensig@sients for the compound gensitien in differesivents.

The results shows that the frequency values ated€l lare higher than the DFT method. The solveat leffects
on the peak locations of Vibrational modes shifiheir and lower values, the difference between tequency
shifts in different solvents are maximum 12 tindicting that these solvents have essentiallystume effect on
these Vibrational modes of genistein. In additionllden charges and dipole movements of the tilechpound at
different levels were calculated in different salteeand discussed.
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