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Experimental and theoretical investigation of
Gabapentin by Density functional theory

P.S.Ganeshvar®, M.Kanagaraj”’, S.Gunasekaran®, T.Gnanasambandan'

Abstract— The FT-IR and FT-Raman spectra of Gabapentin (GBT) have been recorded in the region 4000-400 and 3500-100 cm-1
respectively. The optimized geometry, frequency and intensity of the vibrational bands were obtained by the density functional theory (DFT)
using 6-31G(d,p) basis set. The harmonic vibrational frequencies were scaled and compared with experimental values. The observed and
the calculated frequencies were found to be in good agreement. The UV-visible spectrum was also recorded and compared with the
theoretical values. The calculated HOMO and LUMO energies show that charge transfer occurs within the molecule. The Mulliken charges
of the molecule were also computed using DFT calculations. Stability of the molecule arising from hyper conjugative interactions, charge
delocalization were analyzed using natural bond orbital (NBO) analysis. Information about the charge density distribution of the molecule
and its chemical reactivity were obtained by mapping molecular electrostatic potential surface. In addition, the non-linear optical properties
were discussed from the dipole moment values and the excitation wavelength in the UV-visible region.

Index Terms— FT-IR, FT-Raman, DFT, GBT, NBO.

1 INTRODUCTION

abapentin, chemically known as 2-[1-(AminoMethyl)

Cyclohexyl]Acetic acid, works by stabilizing electrical

activity in the brain. Gabapentin interacts with cortical
neurons at auxiliary subunits of voltage-sensitive calcium
channels and increases the synaptic concentration of GABA
(Gamma- Aminobutyric acid), enhances GABA responses at
non-synaptic sites in neuronal tissues, and reduces the release
of mono-amine neurotransmitters.
Gabapentin and its derivatives had been studied by several
authors. Advances in simultaneous DSC-FTIR microspectros-
copy for rapid solid-state chemical stability studies: Some di-
peptide drugs as examples were carried out by Shan-Yang Lin
et al. [1]. Gabapentin adjunctive therapy in neuropathic pain
sites were investigated by H.Rosner et al. [2]. The use of
Gabapentin as a new agent for the management of epilepsy
was studied by C.O.Andrews et.al[3]. Functionalization of
carboxylated multiwall nanotubes with Gabapentin and Baclo-
fen, and also study of their antibacterial activities against
E.coli and S. aureus were reported by Javad Azizian et al. [4].
Novel Challenges in Crystal Engineering: Polymorphs and
New Crystal Forms of Active Pharmaceutical Ingredients were
carried out by Vania André et al. [5].
In the present work, harmonic-vibrational frequencies are cal-
culated for Gabapentin (GBT) using B3LYP with 6-31G(d,p)
method. The calculated spectra of the compound are com-
pared to that of experimentally observed FT-IR and FT-Raman
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spectra. The redistribution of electron density (ED) in various

bonding and antibonding orbitals and E(2) energies were cal-
culated by natural bond orbital (NBO) analysis by DFT meth-
od to give clear evidence of stabilization originating from the
hyper conjugation of various intramolecular interactions. The
HOMO and LUMO analysis were used to elucidate infor-
mation regarding ionization potential (IP), electron affinity
(EA), electronegativity (), electrophilicity index (»), hardness
(m) and chemical potential (i) which are all correlated. All
these confirm the charge transfer within the molecule and also
molecular electrostatic potential (MESP) contour map also
shows various electrophilic regions of the title molecule.

2 MATERIALS AND METHODS

2.1 Spectroscopic measurements

For the study, the compound Gabapentin (GBT) in the solid
form was purchased from Sigma-Aldrich Chemical Company
(USA) with a stated purity of 98% and it was used as such
without further purification. The FT-Raman spectrum of GBT
was recorded using 1064 nm line of Nd: YAG laser as excita-
tion wavelength in the region 3500-100 cm~1 on a Thermo
Electron Corporation model Nexus 670 spectrometer equipped
with FT-Raman module accessory. The FT-IR spectrum of this
compound was recorded in the range of 4000-400 cm-lon
Nexus 670 spectrophotometer using KBr pellet technique at
room temperature with a spectral resolution of 4.0 cm-1. The
ultraviolet absorption spectrum of GBT solved in water was
examined in the range 200-400 nm by using Cary 5E UV-
Visible NIR recording spectrometer.

2.2 Computational details

Quantum chemical calculations were used to carry out the
optimization of the geometry and to determine the vibrational
wavenumbers of Gabapentin (GBT), with the 2003 version of
the Gaussian suite [6] using the DFT(B3LYP) method [7,8]
supplemented with standard 6-31G(d,p) basis set. The vibra-
tional modes were assigned by means of visual inspection us-
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ing GAUSSVIEW program [9]. The vibrational mode analysis
of GBT was presented in some detail in order to better de-
scribe the basis for the assignments, from the basic theory of
Raman scattering. A comparison was made between the theo-
retically calculated frequencies and the experimentally meas-
ured frequencies. In this investigation the researchers ob-
served that the calculated frequencies were slightly greater
than the fundamental frequencies. To improve the agreement
between the predicted and observed frequencies, the comput-
ed harmonic frequencies are usually scaled for comparison.
The vibrational modes were assigned on the basis of PED
analysis using VEDA 4 program [10].

3 RESULTS AND DISCUSSION

3.1 Molecular geometry

The energetically most stable optimized geometry obtained by
B3LYP/6-31G(d,p) method and the scheme of numbering the
atoms of the molecules Gabapentin (GBT) are shown in Fig. 1.
The global minimum energy obtained for GBT are calculated
as -558.431521 Hartrees, by B3LYP functional with the stand-
ard 6-31G(d,p) basis set respectively. The calculated optimized
geometrical parameters such as bond length and bond angle
are presented in Table 1 respectively.

Fig. 1. Optimized structure of GBT

3.2 Vibrational assignments

From the structural point of view, the title compound was as-
sumed to have C1 point group symmetry and hence all the
calculated frequency transforming to the same symmetry spe-
cies (A). The molecule GBT consists of 29 atoms and 81 inter-
nal modes of vibrations. Molecular symmetry describes the
symmetry present in the molecule, which can predict or ex-
plain many of a molecule’s chemical properties, such as its
dipole moment and its allowed spectroscopic transitions. The
observed and calculated frequencies of GBT, compared and
characterized by PED, are summarized in Table 2 respectively.
All the vibrations are active in both IR and Raman. For visual
comparison, the observed and simulated FT-IR and FT-Raman

9
spectra of GBT are shown in Figs. 2-3.
TABLE 1
OPTIMIZED GEOMETRICAL PARAMETERS OF GBT
Bond B3LYP Bond B3LYP Bond B3LYP
length(A) 6 angle(°) 6-31G(dp) angle(°) 6
31G(d,p) 31G(d,p)
01-C2 1.210 01-C2-03 119.18 C5-C6-H16 107.46
C2-03 1.361 01-C2-C4 123.99 C5-C6-H17 108.66
C2-C4 1.519 03-C2-C4 116.81 N7-C6-H16 108.58
03-H13 0.968 C2-03-H13 109.88 N7-C6-H17 112.97
C4-C5 1.563 C2-C4-C5 113.83 H16-C6-H17 106.46
C4-H14 1.092 C2-C4-H14 106.80 C6-N7-H18 109.69
C4-H15 1.094 C2-C4-H15 110.27 C6-N7-H19 108.39
C5-C6 1.550 C5-C4-H14 107.76 H18-N7-H19 106.56
C5-C8 1.550 C5-C2-H15 110.34 C5-C8-C9 114.07
C5-C12 1.549 H14-C4-H15 107.55 C5-C8-H20 107.48
C6-N7 1.467 C4-C5-C6 109.19 C5-C8-H21 109.14
C6-H16 1.096 C4-C5-C8 108.64 C9-C8-H20 108.12
C6-H17 1.102 C4-C5-C12 111.86 C9-C8-H21 111.45
N7-H18 1.016 C6-C5-C8 109.65 H20-C8-H21 106.19
N7-H19 1.019 C6-C5-C12 108.39 C8-C9-C10 111.33
C8-C9 1.537 C8-C5-C12 109.08 C8-C9-H22 107.41
C8-H20 1.099 C5-C6-N7 112.39 C8-C9-H23 110.53
C8-H21 1.094 C10-C9-H22 110.11 C10-C11-C12 117.74
C9-H10 1.536 C10-C9-H23 109.52 C10-C11-H26 110.38
C9-H22 1.096 H22-C9-H23 105.79 C10-C11-H27 108.82
C9-H23 1.099 C9-C10-C11 111.40 C12-C11-H26 109.52
C10-C11 1.536 C9-C10-H24 108.99 C12-C11-H27 110.52
C10-H24 1.099 C9-C10-H25 110.35 H26-C11-H27 105.67
C10-H25 1.096 H24-C10-H25 106.52 C5-C12-C11 114.16
C11-C12 1.538 C5-C12-H28 110.23 C11-C12-H29 108.19
C11-H26 1.096 C5-C12-H27 107.74 H28-C12-H29 105.81
C11-H27 1.010 C11-C12-H28 110.31
C12-H28 1.097
C12-H29 1.099
100 r
50 B3LYP/6-31G(d.p)
2
S
g
E 100
50 1 Experimental
0 - T T v
4000 3000 2000 1500 1000 500
Wavenumber (cm™)
Fig. 2. FT-IR spectra of GBT

3.2.1 C-C vibrations

The bands between 1400 and 1650 cm—1 in the aromatic and
hetero aromatic compounds are assigned to carbon vibrations
[11]. The actual positions are determined not by the nature of
the substituents but rather by the form of the substitution
around the aromatic ring. Moreover, when C-N or more dou-
ble modes are in conjugation, the delocalization of n-
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24. 1396 139 139 SHCCC(10)
25. 1389 1389 1389 tHCCC(21)+uCC(55)
Lk 26. 1377 1377 1377 SHCN(13)+vCC(51)+BC
CC(10)
B3LYP/6-31G(d.p) 27. 1375 1375 1375 THCCC(10)
- 28. 1357 1358 1357 THCCC(11)
29. 1339 1339 1339 THCCO(14)
> 30. 1329 1329 1329 THCCC(10)
® th 3l 1311 1310 1311 SHCC(16)+THCCC(15)
g 3 L 32. 1299 1298 1299 SHCC(14)+tHCCC(10)
= 33. 1293 1294 1293 SHCC(16)+THCCC(10)
g 100 ) | 34. 1264 1265 1264 SHCC(23)
s Experimenta 35. 1231 1231 1231 SHCN(13)
36. 1221 1221 1221 SHCN(26)
37. 1191 1192 1191 vCC(13)
504 38. 1166 1165 1166 SHCC(11)
39. 1138 1138 1138 SHNC(11)+5HCN(12)
40. 1117 1117 1117 SHCC(10)
41, 1099 1099 1099 vNC(35)
0 x : - - 42, 1089 1088 1089 vCC(16)
4000 3000 2000 1500 500 o 43. 1064 1065 1064 SHCC(11)
Wavenumber (cm™) 44. 1042 1042 1042 vCC(18)
45. 999 999 999 SHNC(14)
Fig. 3. FT-Raman spectra of GBT 46. 985 984 985 vCC(10)
47. 966 966 966 3CCC(12)
electrons result in a transfer of some bond order to intervening 48. 948 947 948 THCCC(10)
. . . 49, 914 914 914 tHNCC(11)
single 'bonds and hence, t'here is full in the carbon-carbon 0. 592 So1 592 YOCR0)CC(29)
stretching frequency. In this study the FT-IR bands observed 51, 386 385 886 VCC(19)
at 1524, 1499 and 1400 cm—1 and Raman bands observed at 52. 862 862 862 THCCC(10)
1523, 1499 and 1400 cm-1 have been assigned to carbon- 58 859 858 859 THCCC(20)
carbon stretching vibration. In the calculated, value the ;: i;; jgi j;; Vgggz; Heca
. . . . . A% +T
stre'tchmg vibrations are observed at 1400 cm-1 in 6-31G(d,p) . 786 P 75 50COC(0)
basis set. 57. 679 679 679 vCC(20)+50CO(26)
58. 605 604 605 50CO(38)+50COC(19)
TABLE 2 59. 580 579 580 5CCC(13)+5CCCC(71)
VIBRATIONAL ASSIGNMENTS OF GBT 60. 516 515 516 tHOCC(74)
Mode Experimental frequency Calculated Vibrational Band 61. 502 502 502 6(:?:((::((2?)”1:1228((12))
No frequenc Assignments 62. 469 469 469 30 +T
(FvTcii) FI-R{vem?) ueney (pEé %) 63. 459 459 459 5CCC(15)
1. 3491 3491 3491 vNH(100) 64. - 132 232 pecceas)
2, 3130 3130 3130 vCH(99) 63. - 397 397 seces)
A 2097 2097 2097 VCH(59) 66. - 351 352 tCCCC(11)+6CCCC(10)
4, 3076 3076 3077 vCH(47) 67. - 334 335 HNCC(62)
5, 3070 3070 3071 vCH(61) 68. - 316 316 deceds)
A 061 061 2060 VCHID) 69. - 278 278 5CCC(11)+6CCCC(13)
7. 3029 3028 3029 vCH(95) 7. - 230 =L recceas)
5 om om o0 VCHISS) 71. - 216 215 5CCC(42)+50COC(10)
9, 3022 3022 3021 vCH(91) ;i - ig ﬁi gggggg;
10. 1 1 1 vCH(99
R T 29 e Z80 157 e Tocecng
12. 2980 2980 2980 vCH(94) 7. . 89 20 secel)
76. - 54 55 tCCC(47)+tOCCC(46)
13. 1850 1850 1850 vOC(84)
14. 1676 1676 1676 SHNH(70)+tHNCC(13)
15. 1524 1523 1524 vCC(76)
16. 1518 1518 1518 21({:CH(14)+UCC(51)+[3C 3.9.9 C—H vibration
(10)
17. 1512 1512 1512 SHCH(17)+0CC(39) The substituted benzene like molecule gives rise to C-H
18. 1506 1506 1506 SHCH(19)rvCC(A8) stretching, C-H in-plane and C-H out-of-plane bending vibra-
19. 1499 1499 1500 SHCH(15)+vCC(14) . . o .
+BHCC() tion. Aromatic compounds commonly exhibit multiple weak
20. 1499 1499 1499 SHCH(58) bands in the region 3200-3000 cm—1 due to aromatic C-H
21. 1494 1493 1494 SHCH(38)+tHCCC(11)+ | stretching vibrations. The bands due to C-H in-plane bending
BHCTI(18) vibrations interact somewhat with C-C stretching vibrations
ii ﬁgz ﬁé; iiég fgg?&ﬂ;ﬁ?ggg) are observed as a number of banc'is in 'the 1'region 1300'—1000
+BHCO(41) cm—1. The C-H out-of-plane bending vibrations occur in the
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region 900-667 cm—1 [12, 13]. In this region the bands are not
affected appreciable by the nature of the substituents. In the
present investigations, the FT-IR bands identified at 3130,
3097, 3018 cm—1and FT-Raman bands at 3130, 3097, 3018 cn—1
are assigned C-H stretching vibrations. The FI-IR and FT-
Raman bands observed at 1311, 1264 and 1310, 1265 cm-1
were assigned to C-H in-plane bending vibrations.

3.2.3 C-N vibration

The identification of wavenumber for C-N stretching in the
side chains is rather difficult since there are problems in dif-
ferentiating that wavenumber from others. Arivazhagan et al.
[14] assigned 1635 cm-1 for 5-nitro-2-furaldehyde oxime for
C-N vibration. Sengamalai et al. [15] assigned the C-N
stretching at 1325 cm-1 in 2-methyl-6-nitroquinoline. Ariva-
zhagan et al. [16] assigned 2238 cm-1 for p-fluoro benzonitrile
for C-N vibration. In the present investigation, the observed
bands at 1676, 1377 and 1221 cm-1 in IR are assigned to C-N
stretching vibration. The C=N stretching is assigned to the
wavenumber 1676 cm-1 in FTIR spectrum. These values sup-
port the reported results [14,15].

3.2.4 Carboxylic and carbonyl vibrations

The carbonyl stretching frequency has been most extensively
studied by infrared spectroscopy [17]. This multiply bonded
group is highly polar and therefore gives rise to an intense
infrared absorption band. The carbon-oxygen double bond is
formed by pn-prn bonding between carbon and oxygen. Be-
cause of the different electro negativities of carbon and oxygen
atoms, the bonding electrons are not equally distributed be-
tween the two atoms. The lone pair of electrons on oxygen
also determines the nature of the carbonyl group. The carbon-
yl stretching vibrations are found in the region 1780-1700 cm-
1 [18]. In GBT, the band appearing at 1850 cm-1 (FT-IR) be-
longs to C=O group. The corresponding calculated wave-
number is at 1850 cm-1 using B3LYP/ 6-31G(d,p) basis set.
The bands related to C=O bending mode are weak and com-
plicated [19]. It is a highly mixed mode as it is evident from
Table 2. However, the band observed 892 cm-1 in both the FT-
IR and FT-Raman spectra is assigned to C=0O in-plane bending
modes. The frequencies calculated at 786 and 605 cm-1 in
B3LYP are assigned to C=O out-of-plane bending vibrations
which are not observed in either of the spectra.

3.2.5 N-H vibrations

It has been observed that the presence of N-H group in vari-
ous molecules may be correlated with a constant occurrence of
absorption bands whose positions are slightly altered from
one compound to another; this is because the atomic group
vibrates independently of the other groups in the molecule
and has its own frequency. The position of absorption in this
region depends upon the degree of hydrogen bonding, and
hence upon the physical state of the sample. Normally in all
the heterocyclic compounds, the N-H stretching vibration
occurs in the region of 3500-3000 cm~—1 [20].

In the title molecule, the N-H stretching vibration is predicted
at 3491 cm-1 by B3LYP/6-31G (d,p) and is in very good
agreement with experimental methods. This mode is pure
stretching mode as it is evident from Table 2, which is exactly
contributing to 100% of PED. This predicted wavenumber is
exactly correlated with the literature data [17].

3.3 Other molecular properties
3.3.1 Natural bond orbital analysis

Natural bond orbital (NBO) analysis provides an efficient
method for studying intra- and intermolecular bonding and
interaction among bonds and also provides a convenient basis
for investigating charge transfer or conjugative interaction in
molecular systems [21]. Higher magnitude of E(2) value indi-
cates intensive interaction between electron donors and elec-
tron acceptors and hence greater will be the extent of conjuga-
tion. Delocalization of electron density between occupied
Lewis-type (bond or lone pair) NBO orbitals and formally un-
occupied [antibond or Rydgberg] non-Lewis NBO orbitals
correspond to a stabilizing donor-acceptor interaction. NBO
analysis has been performed on the title molecule GBT at the
B3LYP/6-31G(d,p) level in order to elucidate the delocaliza-
tion of electron density within the molecule. The intramolecu-
lar interactions are formed by the orbital overlap between
bonding LP(2) O1, LP (2) O1, LP(2) O3, LP(1) O3, LP(1) N7,
LP(1) N7 and antibonding c*(C2-03), c*(C2-O4), n*(O1-C2),
*(C2-C4), o*(C5-C6), 6*(C6-H17) orbital which results in ICT
causing stabilization of the system. The second-order pertur-
bation theory of Fock matrix in the NBO analysis shows strong
intramolecular hyperconjugative interactions and the results
are presented in Table 3. The most important interaction ob-
served are LP(2) O3-»n*O1-C2), LP(2)0O1—-c*(C2-03),
LP(2)01—c*(C2-O3) and the corresponding energies were
44.58, 35.79 and 15.20 KJ/mol respectively. This larger energy
provides the stabilization to the molecular structure. Graphical
representation of intramolecular interaction is presented in
Fig.4.
TABLE 3
SECOND ORDER PERTURBATION THEORY ANALYSIS OF FOCK MATRIX
INNBO ANALYSIS

Donor(i) | Acceptor(j) | E(2): (kJ/mol) | EG)-EG) (aw) | F(,j) (a.u)
LP(2)O1 | ¢*(C2-03) 35.79 0.53 0.124
LP(2)O1 | o*(C2-C4) 15.20 0.63 0.090
LP(1)03 | o*(C2-C4) 4.80 0.95 0.061
LP(2)03 | n*(01-C2) 4458 031 0.106
LP(1)N7 | o*(C5-C6) 571 0.59 0.052
LP(1)N7 | o*(C6-H17) 5.79 0.69 0.57

a E(2) means energy of hyper conjugative interaction (stabili-
zation energy).

b Energy difference between donor and acceptor i and j NBO
orbitals.

c F(i)j) is the fock matrix element between i and j NBO orbitals.

3.3.2 Molecular electrostatic potential

IJSER © 2016
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 7, Issue 6, June-2016 12

ISSN 2229-5518

Molecular electrostatic potential(MEP) at a point in the space
around a molecule gives an indication of the net electrostatic
effect produced at that point by the total charge distribu-
tion(electron+nuclei) of the molecule and correlates with di-
polemoments, electronegativity, partial charges and chemical
reactivity of the molecule. It provides a visual method to un-
derstand the relative polarity of the molecule. An electron-

I B
(B

EQenergy

Fig. 4. NBO analysis of GBT

-density isosurface mapped with electrostatic potential surface
depicts the size, shape, charge density and site of chemical
reactivity of the molecule. Such mapped electrostatic potential
surface has been plotted for the title molecule in 6-31G(d,p)
basis set using the computer software Gauss view 05[9] . A
projection of this surface along the molecular plane is given in
Fig.5. The different values of the electrostatic potential at the
surface are represented by different colors: red represents re-
gions of most negative electrostatic potential, blue represents
regions of most positive electrostatic potential and green rep-
resents regions of zero potential. Potential increases in the
order: red<orange<yellow<green<blue.

Fig. 5. Molecular electrostatic potential of GBT

the molecule with sites close to the oxygen atom, showing re-
gions of most negative electrostatic potential. The calculated
3D MEP shows the negative regions are electrophilic region,
these are mainly due to N7, O1 and O3 atoms. The positive
regions are the nucleophilic region and these are over the hy-
drogen atoms of the title molecule GBT. As mentioned earlier,
the electrostatic potential has been used primarily for predict-
ing sites and relative reactivities towards electrophilic attack
and in studies of biological recognition and hydrogen bonding
interactions [22, 23].

3.3.3 UV-Vis spectrum and HOMO-LUMO energy gap

Many organic molecules containing conjugated m electron,
characterized by large values of molecular first-order hy-
perpolarizabilities, are analyzed by means of vibrational spec-
troscopy [24]. In most cases, even in the absence of inversion
symmetry, the strongest band in the Raman spectrum is weak
in the IR spectrum and vice versa. But the intramolecular
charge from the donor to the acceptor group through a single-
double bond conjugated path can induce large variations of
both the molecular dipole moment and the molecular polar-
izability, making FT-IR and FT-Raman activity strong at the
same time. The experimental spectroscopic behaviour de-
scribed above is well accounted for DFT calculations in m con-
jugated systems that predict exceptionally infrared intensities
for the same normal modes. The analysis of the wavefunction
indicate that the electronic absorption corresponds to the
transition from the ground to the first excited state and is
mainly described by one electron excitation from the highest
occupied molecular orbital (HOMO) to the lowest unoccupied
molecule orbital (LUMO). The energy gap of the title mole-
cule is calculated at B3LYP/6-31G(d,p) level is 6.3816 eV
shown in the Table 4, which reveals that the energy gap re-
flects the chemical activity of the molecule. The LUMO, as an
electron acceptor represents the ability to obtain an electron
and HOMO represents the ability to donate an electron. The
HOMO and LUMO energy gap explains the fact that eventual
charge transfer interaction is taking place within the molecule.
The atomic orbital compositions of the frontier molecular or-
bital are shown in Fig.6.

In all cases, the shape of the electrostatic potential surface is
influenced by the structure and charge density distributions in

LUMO

HOMO

Fig. 6. Frontier molecular orbital of GBT
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TABLE 4
MOLECULAR PROPERTIES OF GBT

Molecular B3LYP/6- Molecular Properties B3LYP/6-

Properties 31G(d,p) 31G(d,p)

eHOMO(eV) -6.24560 Chemical hardness(n) 3.190829

eLUMO(eV) -0.136058 Chemical potential(p) 0.313398

g(H-L) (eV) Electronegativity(y) -
6.381658 3.054771

Ionization po- Electrophilicity index(w)

tential(I) 6.245600 4.665812

Electron affini- Softness(S)

ty(A) -0.136058 3.054771

Natural bond orbital analysis indicates that molecular orbitals
are mainly composed of ¢ and n atomic orbital. The UV-Vis
absorption spectrum of the sample GBT in the solid form is
shown in Fig.7. On the basis of fully optimized ground-state
structure, TD-DFT/B3LYP/6-31G(d,p) calculations have been
used to determine the low-lying excited states of GBT. The
calculated results involving the excitation energies and wave-
length are carried out and compared experimentally with
measured wavelength. It can be seen from Table 5, the calcu-
lated absorption maxima values for the title compound are
274.46 nm(gas phase) and 261.12nm(water). The measured
experimental value is found at 260nm. Table 5 shows the elec-
tronic absorption wavelength(l) and excitation energies(E)
calculated by B3LYP/6-31G(d,p) along with the experimental
values.

maximum negative charge value of about (-0.1648) and C2
atom has a maximum positive charge value of about (0.5803)
of the title molecule GBT, calculated using B3LYP/6-31G(d,p)
level of theory. Large values of charge on C8(negative) and
C2(positive) are due to intramolecular charge transfer.
TABLE 5
UV-VIS EXCITATION ENERGY(AE) oF GBT

0.4 -

0.3

0.2 -

Absorption

0.1 -

T
200 250 300 350 400
Wavelength(nm)

Fig. 7. UV spectra of GBT

States TD-B3LYP/6-31G(d,p) Expt. ) ]
Major Contribu-
Gas phase Water IS )
tions
Acal E(eV) | Acal E(eV)
S1 HOMO-
27446 | 55236 | 261.12 | 47482 | 260 | >LUMO (89%)
S2 H-1->LUMO
(72%)  H-4-
220.04 | 5.6347 | 224.15 | 55313 | 225 | >LUMO (6%)
S3 H-4->LUMO
(13%), H-3-
188.31 | 6.5841 | 191.69 | 6.4680 190 >LUMO (27%)
TABLE 6
MULLIKEN ATOMIC CHARGES OF GBT
B3LYP B3LYP B3LYP B3LYP
At- At- At-
Atoms | 6 6- 6-31G(d,p) 6-
oms oms oms
31G(d,p) 31G(d,p) 31G(d,p)
01 0453179 | C8 -0.164807 | H15 0.087389 H22 0.089911
(@] 0580341 | C9 -0.186988 | H16 0.095984 H23 0.080604
03 -0.477058 | C10 0172925 | H17 0.097491 H24 0.099729
C4 20273206 | C11 -0.184469 | H18 0.239823 H25 0.086630
C5 0.053955 | C12 -0.196330 | H19 0.261147 H26 0.105297
C6 -0.063609 | H13 0.322138 | H20 0.088311 H27 0.059277
N7 -0.629026 | H14 0.143590 | H21 0.108532 H28 0.098427
H29 0.103019

3.3.4 Atomic charge

The charge distributions calculated by the Mulliken [25] and
NBO methods for equilibrium geometry of GBT are given in
Table 6. The corresponding Mulliken’s plot is shown in Fig.8.
The computation of the reactive atomic charges plays an im-
portant role in the application of quantum mechanical calcula-
tions for the molecular system. Mulliken atomic charges are
calculated by B3LYP method with 6-31G(d,p) basis set. It is
worthy to mention that C2, C5 and all hydrogen atoms exhibit
positive charges, while O1, O3,C4, C6, N7, C8, C9, C10, C11
and C12 atoms exhibit negative charges. The C8 atom has a

3.3.5 Molecular transport properties

The other electronic properties much as the chemical potential
(1), electronegativity (y), electrophilicity index (®) and chemi-
cal hardness (n) are given in Table 4. The 1, y and p are im-
portant tools to study the order of stability of molecular sys-
tems. Using HOMO and LUMO energies, the n and p have
been calculated. The chemical hardness and the chemical po-
tential are given by the following expression, n =(I-A)/2, p=—
(I+A)/2. The @2, which measures the stabilization energy, has
been given by the following expression, in terms of electronic
chemical potential and the chemical hardness: ® =p2/2 elec-
tronegativity (y), x=(I+A)/2 or y=—p where I and A are ioniza-
tion potential and electron affinity of a molecular system.

3.3.6 Thermodynamics properties
On the basis of vibrational analysis at BBLYP/ 6-31G(d,p) lev-

el, several thermodynamic parameters are calculated and are
compared in Table 7. The zero point vibration energies
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(ZPVE) and the entropy, Svib (T) calculated with B3LYP/ 6-
31G(d,p) level are to the extent of accuracy and the variations
in ZPVEs seem to be insignificant. The dipole moment calcu-
lated using B3LYP with 6-31G (d,p) basic set is found. The
total energies and the change in the total entropy of GBT at
room temperature are found to be marginal.

Complete vibrational and molecular structure analyses have
been performed based on the quantum mechanical approach.
The differences between the observed and scaled wavenumber
values of most of the fundamentals are very small. Therefore,
the assignments made at DFT level of theory with only rea-
sonable deviations from the experimental values seem to be
correct. NBO analysis indicates the strong intramolecular hy-

perconjugative interaction within the molecule and stability of
H28 the molecule. The Mulliken charges and the natural atomic
Egi charges of the title molecule have been studied by DFT meth-
H22 ods. The calculated HOMO and LUMO energies can be used
H20 to estimate the ionization potential, electron affinity, electro-
H18 negativity, electrophilicity index, hardness, softness and chem-
g :ii ical potential. The predicted MEP shows that the negative elec-
< c2 trophilic potential regions are mainly localized over the oxy-
c10 gen atoms. The theoretically constructed FT-IR and FT-Raman
g show that it has a good correlation with experimentally ob-
c4 served FT-IR and FT-Raman spectra.
Cc2
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