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In the present study, the molecular structure, vibrational and electronic analyses of 
acid (34FBPA, C
density functional theory (DFT) employing B3LYP exchange correlation with the 6
FT-Raman spectra 
absorption spectra of the compound that dissolved in ethanol and water solution were recorded in the range of 
190–400
(LUMO) energy gap explains the eventual charge transfer interactions taking place within the molecule. The UV
VIS spectral analysis of 34FBPA has been calculated by theoretically in order to understand the
transitions of the compound, time
solvents (water and ethanol) were performed. The calculated frontier orbital energies (FMO), molecular 
electrostatic potential (MEP), abso
solvent are also illustrated. Thermodynamic properties (heat capacity, entropy and enthalpy) of the title compound 
at different temperatures were calculated. Finally, the calc
and Raman spectra of the title compound which show good agreement with the observed spectra.

  

 

INTRODUCTION 
 

The 3-(4-Flurobenzoyl) propionic acid (34FBPA) 
significance of these blocked dopamine-induced extracellular signal
regulated kinase 1/2 phosphorylation and it specifically affected 
mitogen-activated protein kinase kinase (MEK)1/2 activity in 
hippocampal HN33 (hippocampal neurons and N18
neuroblastoma) cells (Kim et al., 2006). Moreover, 34FBPA was 
capable of direct interaction with MEK1/2 and inhibited its activity in 
vitro. Haloperidol, a dopamine D2 receptor blocker, is a classical 
neuroleptic drug that elicits extrapyramidal sympto
include 3-(4-fluorobenzoyl) propionic acid (34FBPA) and 4
chlorophenyl)-4-piperidinol (CPHP)  (Seeman et al
et al., 1980). The administration of 34FBPA to mice effected a 
repression of locomotor activity and induced catalepsy in a manner 
similar to that observed with haloperidol. 34FBPA may prove useful 
as an MEK inhibitor, as the targeted inhibition of specific signal 
transduction pathways has been hailed as a novel approach to the 
development of new drugs. Studies involving the conditional 
expression of a dominant-negative form of MEK have reported the 
occurrence of selective deficits in both hippocampal memory 
retention and long-term potentiation (Kelleher 
propionic acid exhibits antimycotic activity, its use is limited to foods 
in which the pH is fairly acidic, since it has virtually no activity at 
neutral or near neutral pH values (Molina et al., 2002
many research reports on molecular structure of 
derivatives (Al Azzam., 2010; Playne., 1985; Keshav 
King et al., 1990 and Bilgin et al 2010). The DFT (density functional 
theory) and TD-DFT (time-dependent density functional theory) are 
of particular interest owing to give satisfactory results with 
experiment by costing low computational demands compared to the 
computational methods developed for the calculation of electronic 
structure and excitation energies of molecular systems (
al., 2006 and Menconi et al., 2005). 
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ABSTRACT 

In the present study, the molecular structure, vibrational and electronic analyses of 
acid (34FBPA, C10H9FO3) were presented using experimental techniques (FT
density functional theory (DFT) employing B3LYP exchange correlation with the 6

Raman spectra were recorded in the regions of 4000–400 cm−1 and 4000
absorption spectra of the compound that dissolved in ethanol and water solution were recorded in the range of 

400 nm. The lower value in the highest occupied molecular orbital (HOMO) and lowest unoccupied orbital 
(LUMO) energy gap explains the eventual charge transfer interactions taking place within the molecule. The UV
VIS spectral analysis of 34FBPA has been calculated by theoretically in order to understand the
transitions of the compound, time-dependent DFT (TD-DFT) calculations on electronic absorption spectra in 
solvents (water and ethanol) were performed. The calculated frontier orbital energies (FMO), molecular 
electrostatic potential (MEP), absorption wavelengths (), oscillator strengths (
solvent are also illustrated. Thermodynamic properties (heat capacity, entropy and enthalpy) of the title compound 
at different temperatures were calculated. Finally, the calculation results were compared with measured infrared 
and Raman spectra of the title compound which show good agreement with the observed spectra.
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To the best of our knowledge, complete vibrational assignments 
based on FT-IR and FT-Raman using DFT calculations are not 
available in the literature for the title compound under investigation. 
Hence, the objectives of the present 
vibrational spectroscopic analysis
34FBPA using DFT (B3LYP/6-31G(d)
part of a research program on the recovery of 34FBPA from dilute 
solutions using organic solvents.
thermodynamic properties were obtained in the range of 100
 

Experimental 
 

The 34FBPA sample in solid state was purchased from Sigma
Aldrich Organics Company with a stated purity of 97% and it was 
used as such without further purification. The standard KBr technique 
with 1 mg of sample per 100 mg of KBr was used. The FT
spectrum of a molecule was recorded in the region 4000
a resolution of 2 cm1 using BRUKER Tensor
spectrometer. FT-Raman spectrum of the s
1064 nm line of Nd: YAG laser as the excitation wavelength in the 
region 4000–100 cm1 on a Bruker RFS 100/S FT
detector is a liquid nitrogen-cooled Ge detector. Five hundred scans 
were accumulated at a resolution of
mW. The ultraviolet (UV) absorption spectra of the compound 
dissolved in water and ethanol, were examined in the range of 190
400 nm using Perkin Elmer Lambda 25 UV
 

COMPUTATIONAL DETAILS
 

The molecular structure optimisation of the title compound and 
corresponding fundamentals vibrational frequencies were calculated 
using the DFT with B3LYP/6-31G(d)
program package without any constraint on the geometry. The 
optimised geometrical parameters, true rotational constants, 
fundamental vibrational frequencies, IR intensity, Raman activity, 
electronic polarisability, atomic charges, dipole moment and other 
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In the present study, the molecular structure, vibrational and electronic analyses of 3-(4-fluorobenzoyl) propionic 
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To the best of our knowledge, complete vibrational assignments 
Raman using DFT calculations are not 

available in the literature for the title compound under investigation. 
the objectives of the present study were to evaluate the 

vibrational spectroscopic analysis and electronic properties of the 
31G(d) calculations. This study is a 

part of a research program on the recovery of 34FBPA from dilute 
solutions using organic solvents. In addition, MEP and 
thermodynamic properties were obtained in the range of 100–700 K. 

The 34FBPA sample in solid state was purchased from Sigma-
Aldrich Organics Company with a stated purity of 97% and it was 

rification. The standard KBr technique 
with 1 mg of sample per 100 mg of KBr was used. The FT-IR 
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Raman spectrum of the sample was recorded using 
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COMPUTATIONAL DETAILS 
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corresponding fundamentals vibrational frequencies were calculated 
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thermodynamical parameters were calculated using the Gaussian 03 
package (Frisch et al., 2000). By combining the results of the 
GAUSS-VIEW (Frisch et al., 2000) program with symmetry 
considerations, vibrational frequency assignments were made. The 
Raman activities have been converted to relative Raman intensities 
using the following relationship derived from the intensity theory of 
Raman scattering (Keresztury et al., 2002 and 1993). 
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where o  is the laser exciting wavenumber in cm−1 (in this article, 

we have used the excitation wavenumber o  = 9398.5 cm−1, which 

corresponds to the wavelength of a Nd:YAG laser (1064nm)), i  is 

the vibrational wavenumber of the ith normal mode (cm−1) and Si is 

the Raman scattering activity of the normal mode i . f (is a constant 

equal to 10−12) is a suitably chosen common normalisation factor for 
all peak intensities. h, k, c and T are Planck and Boltzmann constants, 
speed of light, temperature in Kelvin, respectively. Next, the spectra 
were analysed in terms of the potential energy distribution (PED) 
contributions by using the vibrational energy distribution analysis 
(VEDA) program (Jamroz, 2004). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The electronic properties, such as HOMO–LUMO energies, 
absorption wavelengths and oscillator strengths, were calculated 
using the B3LYP method of TD-DFT (Runge et al., 1984; Petersilka 
et al., 1996; Bauernschmitt et al., 1996 and Jamorski et al., 1996) 
based on the optimised structure. To study the reactive sites of the 
title compound, MEP was evaluated using the B3LYP/6-
31G(d)method. MEP, V(r), at a given point r(x, y, z) in the vicinity of 

a molecule is defined in terms of the interaction energy between the 
electrical charge generated from the molecule’s electrons and nuclei 
and a positive test charge (a proton) located at r. The values of V(r) 
were calculated as described previously using the following equation 
(Politzer et al., 2002). 
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where ZA is the charge of nucleus A, located at RA, ( )r   is the 

electronic density function of the molecule and r  is the dummy 
integration variable. In addition, the thermo dynamical study was 
performed at the B3LYP/6-31G(d)level. 
 

RESULTS AND DISCUSSION 
 

Molecular Geometry 
 

The structure and the scheme of numbering the atoms of 34FBPA are 
shown in Fig. 1. The optimised structural parameters of 34FBPA are 
calculated at the B3LYP level of theory using 6-31G(d) basis set. The 
geometry of the molecules under investigation is considered to 
possess CS point group symmetry and the corresponding global 
minimum energy was calculated to be E = 712.228094845 a.u.  
The calculated geometric parameters in DFT methods with  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B3LYP/6-31G(d) levels for 34FBPA were compared with the 
experimentally available X-Ray diffraction data (Okabe et al., 1998) 
in Table 1. As can be seen, there was agreement between 
experimental and the calculated geometric parameters. Some 
deviations from the experimentally observed values can be attributed 
to hydrogen bonds in the solid state. The biggest deviation between 
the calculated and experimental bond length and bond angles are 

Table 1. Optimised geometric data for 34FBPA using B3LYP/6-31G(d) 
 

Bond length Exp.a (Å) Value (Å) Bond angle Exp.a ( )  Value ( )  

C1–C2 1.493 1.508 C2–C1–O4 113.8 126.2 
C1–O4 1.243 1.206 C2–C1–O5 122.3 111.3 
C1–O5 1.291 1.355 O4–C1–O5 122.5 122.3 
C2–C3 1.517 1.523 C1–C2–C3 115.1 112.4 
C2–H15 – 1.093 C1–C2–H15 – 108.2 

C2–H16 – 1.093 C1–C2–H16 – 108.2 
C3–C6 1.494 1.522 C3–C2–H15 – 111.2 
C3–H17 – 1.094 C3–C2–H16 – 111.2 
C3–H18 – 1.094 H15–C2–H16 – 104.8 
O5–H19 1.13 0.969 C2–C3–C6 113.3 112.7 
C6–C7 – 1.498 C2–C3–H17 – 110.2 
C6–O13 1.226 1.217 C2–C3–H18 – 110.2 
C7–C8 1.401 1.403 C6–C3–H17 – 109.0 
C7–C12 1.405 1.401 C6–C3–H18 – 109.0 
C8–C9 1.379 1.387 H17–C3–H18 – 105.1 
C8–H20 – 1.082 C1–O5–H19 114.0 107.2 
C9–C10 1.397 1.388 C3–C6–C7 124.8 118.4 
C9–H21 – 1.082 C3–C6–O13 – 120.9 
C10–C11 1.372 1.386 C7–C6–O13 – 120.6 
C10–F14 – 1.351 C6–C7–C8 – 118.1 
C11–C12 1.393 1.391 C6–C7–C12 – 122.8 
C11–H22 – 1.082 C8–C7–C12 119.1 118.9 
C12–H23 – 1.082 C7–C8–C9 118.6 120.9 
   C7–C8–H20 – 118.4 
   C9–C8–H20 – 120.6 
   C8–C9–C10 121.1 118.3 
   C8–C9–H21 – 121.8 
   C10–C9–H21 – 119.7 
   C9–C10–C11 121.8 122.5 
   C9–C10–F14 – 118.7 
   C11–C10–F14 – 118.7 
   C10–C11–C12 117.2 118.3 
   C10–C11–H22 – 119.8 
   C12–C11–H22 – 121.7 
   C7–C12–C11 122.2 120.8 
   C7–C12–H23 – 120.6 
   C11–C12–H23 – 118.5 
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noted for the C1–O5, O5–H19 and C2–C1–O4, C2–C1–O5, C1–O5–H19, 
C3–C6–C7, respectively. The calculated bond lengths and angles 
represent a good approximation in spite of these differences; and they 
became the basis for calculating other parameters, such as vibrational 
frequencies, electronic properties, MEP and thermodynamic 
properties, as described below. 
 

 
 

Fig. 1. Optimisation structure and atom number of numbering scheme of 
34FBPA 

 

Analysis of Spectra and Theoretical Simulations 
 

The 63 fundamental modes of vibrations of the title compound are 
distributed into the irreducible representation under CS symmetry as 
Γ3N-6vib = 43A'+ 20A''. The vibrations of the A' species are in-plane 
and those of the A'' species are out-of-plane.  All the frequencies are 
assigned in terms of fundamental, overtone and combination bands. 
All vibrations were active in both Raman scattering and infrared 
absorption. In Raman spectrum, the A' vibrations give rise to 
polarised bands while the A'' ones to depolarised bands. For visual 
comparison, the observed and calculated (simulated) spectra of 
34FBPA are shown in Figs. 2 and 3 on a common frequency scale. 
Comparison between the calculated and observed vibrational spectra 
helps us to understand the observed spectral features. The graphic 
correlations between the experimental and calculated frequencies 
obtained are depicted in Fig. 4. 
 

 
 

Fig. 2. FT-IR spectrum: (a) observed; (b) 6-31G(d) 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Fig. 3. FT-Raman spectrum: (a) observed; (b) 6-31G(d) 
 

 
 

Fig. 4. Correlation graph between the experimental and calculated 
frequencieobtained by B3LYP/ 6-31G(d)methods 

 

C–H Vibrations 
 

The aromatic C–H stretching vibrations (Sridevi et al., 2012) are 
observed in the region of 3100–2800 cm−1. Accordingly, in the title 
compound, antisymmetric stretching vibrations of C–H were 
observed at 3076 cm1 and 3079 cm1 in the FT-IR and FT-Raman 
spectrum, whereas in the symmetric stretching vibrations is observed 
in 2948 cm1 in the FT-Raman, respectively. The in-plane bending 
and out-of-plane bending vibrations of the aromatic C–H group have 
also been identified for the title compound and they are presented in 
Table 2. It is known that the C–H in-plane bending vibrations 
(Sridevi et al., 2012) are observed in the region of 1025–1280 cm−1. 
The FT-Raman vibrations are assigned to C–H in-plane bending 
vibrations at 1108 cm−1. In the FT-IR and FT-Raman vibrations, the 
C–H out-of-plane bending is observed at 937 cm−1 and 955 cm−1, 
respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. The observed and calculated frequencies using B3LYP/6-31G (d)for 34FBPA 
 

Species CS Experimental wavenumbers ( cm−1)a  Calculated  wavenumbers  (B3LYP)( cm−1) Vibrational 
assignments (PED)b FT–IR FT–Raman  Scaled value IR Intensity Raman Intensity 

A' 3681VW –  3666 74.50 44.40 υs O–H (100) 
 3344M –     Overtone + combination 

A'  –  3130 3.59 118.86 υs C–H (96) 
A' – –  3127 1.62 8.61 υas C–H (95) 
A' – –  3115 0.04 37.82 υasC–H (77) 
A' 3076VS  3079W   3113 3.24 9.79 υas C–H (76) 
A'' –                –  3015 4.36 8.80 υas C–H (69) 
A'' –                –  2988 1.85 28.53 υas C–H (71) 
A' – –  2984 9.59 37.88 υs C–H (64) 
A' – 2948W  2963 13.39 61.80 υs C–H (48) 
 1810WV      Overtone + combination 
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C–C Vibrations 
 

The aromatic ring stretching vibrations is expected within the region 
of 1650–1200 cm−1 (Surisseau et al., 1994 and Barnes et al., 1985). 
Most of the ring modes are altered by the substitution to the aromatic 
ring. Generally, the C–C stretching vibrations in aromatic compounds 
form the strong bands. In the present study, the bands of different 
intensities were observed at 1597, 1506 and 1403 cm−1 in FT-IR and 
1608, 1402 and 1307cm−1 in FT-Raman have been assigned to C–C 
stretching vibrations. The theoretically calculated values at 1584, 
1497, 1402, 1380 and 1307 cm−1 by B3LYP/6-31G(d) method shows 
agreement with experimental data. 
 

O–H Vibrations 
 
The high frequency region above 3000 cm−1 is the characteristic 
region for the steady identification of C–H, O–H and N–H stretching 
vibrations (Silverstein et al., 1981). The carboxylic acid O–H 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
stretching band is weak in the Raman spectrum, so IR data are 
generally used. The O–H stretching is characterised by a very broad 
band appearing nearly about 3400–3600 cm−1. The O–H group gives 
rise to three vibrations: stretching, in-plane bending and out-of-plane 
bending vibrations. The O–H stretching vibration of 34FBPA is 
observed at 3681 cm1 in the FT-IR spectrum. The O–H in-plane 
bending is observed in 525 and 608 cm1. The O–H group vibrations 
are likely to be the most sensitive to the environment, so they show 
pronounced shifts in the spectra of the hydrogen-bonded species 
(Michalska et al., 1996). 
 

C=O and C–F Vibrations 
 
The band due to C=O stretching vibration is observed in the region of 
1850–1550 cm−1 (Socrates 2001). In the present work, the bands 
observed at 1738 and 1678 cm−1 in FT-IR spectrum and 1683 cm−1 in 
Raman are assigned to C=O stretching mode of vibrations, 
respectively. The (C–F) stretching modes originate from medium 

A' 1738M –  1761 265.51 18.84 υ C=O (54) + β O–H (21) 
A' 1678VS 1683VS   1697 198.69 137.40 υ C=O (61) 
A' – –  1596 147.90 241.63 υ C–C (66) +   υ C–F (18) 
A' 1597VS 1608M  1584 31.02 31.319 υ C–C (56) +   υ C=O (21) 
A' 1506VS –  1497 38.48 18.82 υ C–C (36) + β C–H (20) 
A' – –  1429 9.14 9.46 δ C–H2 (66) 
A' – –  1422 25.55 12.22 δ C–H2 (61) 
A' 1403VS  1402VW   1402 15.78 9.19 υ C–C (28) + β C–H (22) 
A' 1363VS  –  1380 21.39 30.36 

    C–H2 (32) 

A' – –  1322 234.65 18.83 
    C–H2 (33) 

A' – 1307VW   1307 7.45 5.61 υ C–C (71) 
A' – –  1287 2.56 3.56 β C–H (52) 
A' – –  1277 0.34 27.55 t C–H2 (87) 
A' – –  1258 63.41 20.64 

    C–H2 (36) + β O–H (31) 

A' 1235VS  1214W   1217 108.25 48.06 υ C–F (48) + β C–H (18) 
A' – –  1191 37.48 184.26 

    C–H2 (34) 

A' – 1167VW  1149 0.20 0.14 t C–H2 (83) 
A' – –  1147 57.72 42.25 β C–H (64) 
A' – –  1116 376.75 43.31 

    C–H2 (36) + β O–H (27) 

A' – 1108VW  1094 7.74 17.44 β C–H (54) 
A' 1063S 1066VW  1064 67.51 24.03 

    C–H2 (43) + υ C–C (28)  

A'' – –  1007 1.35 4.81 ρ C–H (37) 
A' – –  1003 4.68 0.88 β C–H (58) 
A' – –  971 36.41 8.34 υ C–C (47) +  C–H2 (36) 

A'' – –  970 0.13 0.07 γ C–H (71) 
A'' 937VS 955VW  934 0.26 0.05 γ C–H (73) 
A' – –  884 2.46 138.72 

    C–H2 (38) + β O–H (26) 

A'' – –  842 35.21 0.64 γ C–H (57) 
A' 825VS  824M   821 20.62 167.46 Ring deformation   
A'' – –  811 0.10 0.13 γ C–H (74)  
A'' – –  788 52.37 1.21 ρ C–H (48) 
A' – 736VW   748 0.24 15.77 υs C–H2 (53) + β O–H (29) 
A'' 660W –  694 2.217 6.35 Ring deformation   
A'' – 634W   633 77.72 3.51 γ O–H (79) 
A' – –  629 1.08 66.75 β C–C (74) 
A' 608W –  613 8.76 24.79 β O–H (48) + δ C–O (20) 
A' – –  580 57.52 7.06 Ring deformation   
A'' 556S –  561 19.20 2.46 ρ C–H2(41)  
A' 525S –  516 38.32 7.88 β O–H(38) 
A'' – –  501 27.73 24.42 γ O–H (51) + ρ C–H2 (29) 
A'' 486W 488VW  481 4.80 6.47 ρ C–H2 (36) 
A' 454W –  428 15.18 4.45 Ring deformation   
A'' – 403VW  401 0.02 0.14 γ C–H2 (66) 
A' – –  382 1.41 24.91 β C–F (37) 
A' – 292VW   296 1.81 40.61 β C=O(42) 
A'' – –  284 0.41 62.25 γ C=O (33) 
A' – –  218 0.75 77.10 τ C–C–C–C (42) 
A' – –  187 9.53 2.48 τ C–C–O–H (64) 
A'' – –  110 1.18 1.66 ρ C–H2 (73) 
A'' – –  80 0.00 60.77 ρ C–H2 (67) 
A' – –  68 1.02 25.97 β C–O (41) + β C–H2 (23) 
A'' – –  57 3.16 13.83 ρ C–H2 (57) 
A'' – –  27 0.01 720.05 γ C–H2 (39) 
A'' – –  13 3.35 80.81 ρ C–H2 (61) + γ C–O (18)  

avs– a very strong; s–strong; m–medium strong; w–weak; vw–very weak  
bυ– stretching; υs–symmetric stretching; υas– antisymmetric stretching; γ– out of plane bending; β– in plane bending; τ– torsion; ρ– rocking; δ– scissoring;  –wagging; t–twisting. 
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intensity infrared absorptions at 1235 cm1, with counterparts at 
1214 cm1 in the Raman spectrum. These values are in accordance 
with the literature values (Silverstein et al., 2005). 
 
UV–Vis Study and Electronic Properties 
 
Electronic transitions are usually classified according to the orbitals 
engaged or to specific parts of the molecule involved. Common types 

of electronic transitions in organic compounds are � (donor), *  

(acceptor) and *n   (Dhas et al., 2010 and Cetin et al 2011). 
The inner is called weak transition, whereas the latter is termed as the 
strong transition. In order to understand the electronic transitions of 
the title compounds studied in this paper, theoretical calculations on 
electronic absorption spectra are performed in vacuum by B3LYP/6-
31G(d)method (Bauernschmitt et al., 1996; Furche et al., 2002 and 
Yildirim et al., 2011). The simulated UV spectra of studied molecule 
are given in Fig. 5.  
 

 
 

Fig. 5. Experimental UV-VIS spectra of 34FBPA in water and ethanol 
solution 

 
 
 
 
 
 
 
 
 
 
 
 
 
The experimental peaks together with the calculated excitation 

energies, oscillator strength (f), absorption wavelength ( ) and 
spectral assignments are given in Table 3. The frontier molecular 
orbital (FMO) plays an important role in the electrical and optical 
properties (Fleming, 1976). The frontier orbital gap helps to 
characterise the chemical reactivity and kinetic stability of the 
molecule. A molecule with a small frontier orbital gap is more 
polarisable, generally associated with a high chemical reactivity, low 
kinetic stability and is termed as soft molecule. The wave function 
indicates 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 orbital (LUMO). The Fig. 6 
shows the distributions and energy level of the HOMO and LUMO 
orbital computed at the B3LYP/6-31G(d) level for our 34FBPA. The 
value of the energy separation between the HOMO and LUMO is 
5.1468 eV. This low value makes it more reactive and less stable. 
The atomic orbital compositions of the frontier molecule orbital are 

associated within the framework of self-consistent field (SCF) 
molecular orbital (MO) theory. The ionisation energy and electron 
affinity can be expressed through HOMO and LUMO orbital energies 
as I = EHOMO and A = ELUMO. The hardness corresponds to the gap 
between the HOMO and LUMO orbital energies. The larger the 
HOMOLUMO energy gaps the harder the molecule (Udhayakala et 
al., 2011). The global hardness is η = ½ (ELUMO  EHOMO). The 
hardness has been associated with the stability of chemical system. 
The electron affinity can be used in combination with ionisation 
energy to give electronic chemical potential, μ = ½ (EHOMO + ELUMO).  
 

 
 

Fig. 6. Molecular orbital surfaces for the HOMO and LUMO of 34FBPA 

 
The global electrophilicity index,   = μ2/2η, is also calculated and 
listed in Table 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table  4. The atomic orbital compositions of the frontier molecular 
orbital for 34FBPA 

 
 

 
 

Molecular Electrostatic Potential 
 

MEP is related to the electronic density. It is a very useful descriptor 
in understanding sites for electrophilic attacks and nucleophilic 
reactions as well as hydrogen bonding interactions  (Luque et al., 
2000). The importance of MEP lies in the fact that it simultaneously 

Table  3. Experimental and calculated absorption wavelength  (nm), excitation energies E (eV) and oscillator strengths (f) of 34FBPA calculated 
by the B3LYP method using 6-31G(d)basis set 

 
 

 

Assignments 
Experimental  TD–DFT (B3LYP)/6–31 G(d) 

Ethanol  Water  Ethanol  Water 

  (nm) 
E (eV) Abs.    (nm) 

E (eV) Abs.   (nm) 
E (eV) f(a.u.)   (nm) 

E (eV) f(a.u) 

*   
241.95 5.122 2.583  238.99 5.103 3.400  258.33 4.780 0.0857  258.26 4.782 0.0836 

*   
210.01 5.881 1.780  213.01 5.798 3.264  217.43 5.680 1.1471  217.31 5.683 0.1435 
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displays molecular size, shape as well as positive, negative and 
neutral electrostatic potential regions in terms of colour grading (Fig. 
7). It is helpful in research of molecular structure with its 
physiochemical property relationship (Murray et al., 1996 and 
Scrocco et al., 1978). The different values of the electrostatic 
potential at the surface are represented by different colours. Potential 
increases in the order red < orange < yellow < green < blue. The 
colour code of these maps is in the range between −4.210 kcal/mol 
(red) and +4.210 kcal/mol (blue) in the compound, where blue 
indicates the strongest attraction and red indicates the strongest 
repulsion. The regions of negative V(r) are usually associated with 
the lone pair of electronegative atoms. As can be seen from the MEP 
map of the title molecule, while regions having the negative potential 
are over the electronegative atom (oxygen atom), the regions having 
the positive potential are over the hydrogen atoms. From these 
results, we can say that the hydrogen atoms indicate the strongest 
attraction and oxygen atom indicates the strongest repulsion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5. The calculated thermodynamic parameters of 34FBPA 
employing B3LYP/6-31G(d) methods 

 

 
 

Thermodynamical Properties  
 

Several thermodynamic parameters performed by B3LYP with 6-
31G(d) level of theory are given in Table 5. Scale factors were 
recommended (Foresman et al., 1996) for an accurate prediction in 
determining the zero-point vibration energies. The total energies and 
changes in the total entropy of the compounds at room temperature 
were presented. Table 5 indicates several thermodynamic parameters 
of the molecule without experimental determinations. The energy 
34FBPA has been calculated as 712.2280a.u. The thermodynamic 
data provide helpful information for further study on the title 
compound. The dipole moment and its principal inertial axes strongly 

depend upon the molecular conformation. Dipole moment reflects the 
molecular charge distribution and is given as a vector in three 
dimensions. Therefore, it can be used as a descriptor to depict the 
charge movement across the molecule.  
 

Table 6. Thermodynamic properties at different temperatures at the 
B3LYP/ 6-31G(d)level of 34FBPA 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diresction of the dipole moment vector in a molecule depends on the 
centres of positive and negative charges. Dipole moments are strictly 
determined for neutral molecules. For charged systems, its value 
depends on the choice of origin and molecular orientation. On the 
basis of vibrational analysis at B3LYP/6-31G(d) level, the standard 

statistical thermodynamic functions: heat capacity (
0

,p mC ), entropy 

 (
0
mS ) and enthalpy changes (

0
mH ) for the title compound were 

obtained from the theoretical harmonic frequencies and listed in 
Table 6. Therefore, it can be observed that these thermodynamic 
functions are increasing with temperature ranging from 100 K to 
700 K due to the fact that the molecular vibrational intensities 
increase with temperature (Ott et al., 2000 and Sajan et al., 2011). 
The correlation equations among heat capacities, entropies, enthalpy 
changes and temperatures were fitted by quadratic, linear and 
quadratic formula and the corresponding fitting factors (R2) for these 
thermodynamic properties are 0.99957, 0.99997 and 0.99971. The 
corresponding fitting equations are as follows and the correlation 
graphics of those are shown in Figs. 8–10. 
 

0 5 2 2
, 1.83066 0.1642 6.4227 10 ( 0.99957)p mC T T R     

 
 

0 5 2 23.16547 0.14747 1.84592 10 ( 0.99997)  mS T T R    
 

 
0 6 2 2107.84214 0.00567 1.89583 10 ( 0.99971) mH T T R       

 
 

Fig. 7. Molecular electrostatic potentials of 34FBPA (B3LYP/6-31G(d), 0.004 a.u., energy values 4.210 to +4.210 kcal/mol); colour coding: red 
(very negative), orange (negative), yellow (slightly negative), green (neutral), turquoise (slightly positive), light blue (positive), dark blue (very 
positive).  
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Fig. 8. Correlation graph of heat capacity and temperature for 34FBPA 
molecule 

 

 
 

Fig. 9. Correlation graph of entropy and temperature for 34FBPA 
molecule. 

 

 
 
Figure 10. Correlation graph of enthalpy and temperature for 34FBPA 
molecule 
 

All the thermodynamic data are supportive for the further study on 
the 34FBPA. They can be used to compute other thermodynamic 
energies according to the relationships of thermodynamic functions 
and estimate directions of chemical reactions according to the second 
law of thermodynamics in thermo chemical field (Zhang et al., 2011). 
Note: All thermodynamic calculations were done in gas phase and 
they could not be used in solution. 
 

Conclusion  
 

In this paper, the compound 34FBPA was experimentally 
characterised by means of FT-IR, FT-Raman and UV–vis 
spectroscopic techniques. The calculated geometrical parameters and 

vibrational frequencies obtained with DFT calculations B3LYP/6-
31G(d)method are in good agreement with the experimental values 
obtained for the investigated molecule. To evaluate the electronic 
transitions and charge distribution, the UV spectra of the title 
compound were recorded in ethanol and water solutions. The 
obtained absorption maxima at 241nm (in ethanol) and 242 nm (in 
water) were predicted possibly due to HOMO → LUMO transition 

and assigned as   . The TD-DFT calculations starting from 
optimised geometry were carried out in water and ethanol solution 
phase to calculate excitation energies. The TD-DFT method predicted 
the maximum absorption peak at 258 nm in ethanol with an oscillator 
strength f = 0.0857 a.u and coincide with experimentally obtained 
value. In addition, the MEP and the changes of thermodynamic 
properties were obtained. 
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