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ABSTRACT 

This paper deals with the combined experimental and theoretical study on molecular structure, vibrational spectra of 4B2F1NB. The 
FTIR solid phase (4000-400cm-1) and FT-Raman spectra (3500-50cm-1) of 4B2F1NB was recorded. The optimized geometry, frequency 
and intensity of vibrational bands of 4B2F1NB have been acquired by DFT levels of theory with complete relaxation in the potential 
energy surface using 6-311++G(d,p) basis set. A complete vibrational assignment aided by the theoretical harmonic frequency analysis 
has been proposed .The harmonic vibrational frequencies were calculated and scaled values have been compared with experimental 
FTIR and FT-Raman spectra. The observed and calculated frequencies are in good agreement. A Detailed elucidation of IR and Raman 
spectra of 4B2F1NB is additionally provided details regarding the premise of total energy distribution (TED) .The molecular electrostatic 
potential are done and the computed Homo and Lumo analysis demonstrates that charge transfer happens within the molecule. The 
isotropical chemical shifts for 1H and 13C NMR molecules were figured utilizing GIAO approach by applying B3LYP/6-311++G(d,p) 
technique. The UV-Visible range of this specimen utilizing TD-DFT approach is done. Additionally, the Mulliken charges and the 
thermodynamic properties of the each atom have been figured. 
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1.INTRODUCTION 

Nitrobenzene is a yellowish, oily, aromatic nitro-compound with an almond-like odour that emits toxic fumes 
of nitrogen oxides upon combustion. Nitrobenzene is likewise used to cover unsavoury smells in shoe and floor 
shines, cowhide dressings, paint solvents, and different materials. Redistilled, as oil of mirbane, nitrobenzene has 
been utilized as a cheap aroma for cleansers. The larger part of nitrobenzene is utilized to fabricate aniline, which is a 
substance utilized as a part of the produce of polyurethane. [1] Nitrobenzene is principally utilized as a part of the 
produce of aniline, but on the other hand is utilized as lubricating oils, dyes, drugs, pesticides, and synthetic rubber 
[2]. Here we have taken the compound 4-Bromo-2-Fluoro-1-Nitrobenzene for vibrational reviews. Its molecular 
formula is C6H3BrFNO2. The appearance of this sample is solid. The identified uses of this sample were laboratory 
chemicals and manufacture of substances. 

 

2. EXPERIMENTAL DETAILS  
The fine sample of 4-bromo-2-Fluoro-1-Nitrobenzene was obtained from Sigma Aldrich, UK, and used as such 

for the spectral measurements. The room temperature FTIR spectrum of the compound was measured in the 4000–
400 cm-1 region at a resolution of ±1 cm-1, using a BRUKER IFS-66V vacuum Fourier transform spectrometer equipped 
with a Mercury Cadmium Telluride (MCT) detector, a KBr beam splitter and globar source. The FT-Raman spectrum 
of 4B2F1NB was recorded on a BRUKER IFS–66V model interferometer equipped with an FRA–106 FT-Raman 
accessory. The spectrum was recorded in the 3500–50 cm-1 Stokes region using the 1064 nm line of an Nd: YAG laser 
for the excitation operating at 200 mW power. The reported wave numbers are expected to be accurate to within ±1 
cm-1.  

 
3. COMPUTATIONAL DETAILS  
     Calculations for the title compound were computed with Gaussian 09 program [3] utilizing the B3lyp/6-311G++ (d, 
p) basis set to predict the molecular structure and vibrational wave numbers. The structure optimization was 
performed to confirm the structure and hence to find the optimized geometry of the examined species ,no imaginary 
wave number modes were obtained by B3LYP/6-311++g(d, p).Therefore ,there is a true minimum on the potential 
energy surface was found. The calculated vibrational frequencies are scaled according to the B3LYP/6-311g++G (d,p) 
basis set. The PED are computed from quantum chemically calculated vibrational frequencies [4] using MOLVIB 
program. Gaussview program has been considered to get visual animation and furthermore for the confirmation of 
the normal modes assignment. [5] The HOMO-LUMO analysis has been completed to clarify the charge exchange 
within the molecule. When using computational methods to predict theoretical normal vibrations for relatively 
complex polyatomic structures,scaling strategies are used to bring computed wave numbers into closer agreement 
with observed experimental frequencies using the latest version of MOLVIB program[6] 
 
4. PREDICTION OF RAMAN INTENSITIES: 
     The Raman activities (Si) calculated with the GAUSSIAN 09 program and adjusted during the scaling procedure 
with MOLVIB were subsequently converted to relative Raman intensities (Ii) using the following relationship derived 
from the basic theory of Raman scattering [7, 8]. 
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where 0 is the exciting frequency (in cm-1 units); i i is the vibrational wave number of the of the ith normal mode, h, 
c and k are fundamental constants and f is a suitably chosen common normalization factor for all peaks intensities.  
 
5. RESULTS AND DISCUSSION 
5.1MOLECULAR GEOMETRY: 
     In order to find the most optimized geometry of title molecule ,the energy calculations were carried out using 
B3LYP/6-311G++ basis set. The structure and scheme of numbering of atoms of 4B2F1NB were shown in Fig.1. 
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Fig.1.Molecular structure of 4B2F1NB along with numbering of atoms 

  
  
     The Geometry of the molecules under investigation is consider to possess C1 point group symmetry .There are 36 
fundamental modes of vibrations which are distributed into the irreducible representation under C1 symmetry as 3N-
6 = 36. All the frequencies are assigned in terms of fundamental, overtone and combination bands. The optimized 
geometrical parameters bond length, bond angles and dihedral angles are presented in Table.1. 
 
TABLE 1-Optimized geometrical parameters of 4B2F1NB obtained by B3LYP/6-311++G(d,p) density functional 
calculations 
 

Bond length 
Angstrom 

(Å) 
Bond angle Degree Torsional angle Degree 

C3-H9 1.09968 C4-C5-C6 120 H9-C3-C4C5 -180.02 

C5-H11 1.099761 H9-C3-C4 119.99 H11-C5-C6-C1 -179.98 

C6-H12 1.099604 H11-C5-C6 119.98 H12-C6-C1-N7 0.01 

O13-N7 1.1968 H12-C6-C5 119.99 O13-N7-C1-C2 -180 

C1-C6 1.394829 O13-N7-C1 120 C2-C1-C6-C5 -0.01 

C2-C1 1.39516 C1-C6-C5 120 C3-C2-C1-C6 -0.03 

C3-C2 1.394712 C2-C1-C6 120 C4-C5-C6-C1 0.04 

C4-C5 1.394825 C3-C2-C1 120.01 O14-C1-O13-N7 0 

C6-C5 1.395138 F8-C2-C3 120.01 F8-C3-C1-C2 0.07 

F8-C2 1.35 O14-N7-O13 120 Br8-C3-C5-C4 0.03 

O14-N7 1.36 N7-C1-C6 120 N7-C2-C6-C1 0 

N7-C1 1.47 Br10-C4-C5 120.02   

Br10-C4 1.91     
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The comparative IR and Raman spectra of experimental and calculated frequencies are given in the Fig.2 and Fig.3 
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Fig.2. Comparison of Theoretical and experimental FTIR spectrum of 4B2F1NB. 
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Fig.3. Comparison of Theoretical and experimental FT-Raman spectrum of 4B2F1NB 

 
5.2 VIBRATIONAL ASSIGNMENT: 
     The aim of the vibrational analysis is to find the vibrational modes connected with calculated specific molecular 
structure of the compound. The molecule consists of 14 atoms which undergo 36 normal modes of vibration .The 
title molecule belongs to C1 point group symmetry. Vibrational band assignments of 4B2F1NB have been made by 
using Gauss view molecular visualization program [9]. After applying the scale factors, the theoretical calculations 
reproduce the experimental data which are good agreement with literature value. The observed and scaled 
theoretical frequencies, IR intensities, Raman activities and normal modes of vibrations are listed in Table.2. The 
theoretical and experimental FTIR and FT-RAMAN spectrum are shown in the Fig.2. and Fig.3. 
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TABLE 2.Observed and B3lyp /6-311++g(d,p) level calculated vibrational frequencies (in cm-1) of 4-Bromo-2-Fluoro-1-
Nitrobenzene 

No 
symmetry 

species 

Observed frequency 
Calculated frequency (cm

-1
)with B3LYP/6-311++G(d,p) 

force field 
Characterisation of normal modes with PED% 

IR   
(cm¹־) 

Raman 
(cm¹־) 

Unscaled 
(cm¹־) 

Scaled 
(cm¹־)  

IR intensity 
Raman 

activity Si 

1 A" - - 2.2 54 0.0080 
 

0.6039    tNO2( 97) 

2 A" - 79.23 88.6 84 3.2420 0.3022    gCN(55), gCBr ( 23), gCH ( 10), 

3 A' - 114.34 169.3 152 1.6974 0.5110    bCN(60), bCBr(32) 

4 A" - - 217.5 214 0.0074 1.4808    gCBr(36), tring( 32), gCH ( 15), gCF( 10) 

5 A' - - 247.1 241 0.1533 
1.0739 
0.1533 

1.9540    bCBr ( 46), bCN( 31),  

6 A' - - 265.8 263 1.0739 0.9156 
 

   bring ( 44), CBr( 21), υCN ( 16) 

7 A" - 278.20 304.2 285 1.6030 0.9774    tNO2 ( 34), tring ( 32), gCN ( 30) 

8 A' - 422.02 389.2 406 0.4364 1.7119    bCNO ( 72), bCF ( 17) 

9 A' 443.04 - 451.1 459 4.5691 
 

0.7967    bCNO( 39), bring ( 23), υCBr( 14), υCN( 10) 

10 A" - 471.33 481.5 468 2.9761 
2.9761 
2.9761 
2.9761 
2.9761 
2.9761 
2.9761 
2.9761 

0.0719    tring ( 56), gCBr ( 21), tNO2 ( 12) 

11 A' 551.70 556.40 563.3 559 7.9076 2.1602    bring ( 49), bCNO ( 14), υCC ( 10) 

12 A' 581.50 - 592.4 586 6.4508 
 

5.4618    bCNO ( 33), bCF  ( 31), υCN ( 10) 

13 A" - 650.93 638.1 656 1.3662 
1.3662 

0.4549    tring ( 42), gCF ( 39), gCBr ( 15) 

14 A' - 687.33 696.3 705 0.6583 6.3860    bring ( 53), υCC ( 18), bCNO ( 12) 

15 A" 745.34 - 742.9 740 34.5011 
 

0.3847 
 

   tNO2 ( 76) 

16 A" 830.41 - 810.7 823 11.2336 1.0792    tring ( 46), gCH ( 21), gCF ( 14) 

17 A' - 836.04 842.7 842 17.2857 14.8824    bCNO ( 55), υCC ( 13), υCN ( 11) 

18 A" 892.32 - 895.2 901 5.3907 
 

0.2088 
 

   gCH ( 82) 

19 A' 960.72 - 905.0 930 119.8454 1.5725    bring ( 39), υCBr ( 19), υCF ( 15), υCC ( 12) 

20 A" 1063.14 - 1021.0 1053 7.9277 0.0444    gCH ( 78), tring ( 14) 

21 A' 1095.66 - 1095.4 1090 41.6427 
 

80.1627    bring ( 37), υCN( 24), υCC ( 24) 

22 A' - 1116.85 1122.6 1134 4.2570                   
4.2570   
4.2570   
4.2570 

5.2585    bCH ( 44), υCC ( 28), υCBr (16) 

23 A" 1157.93 - 1150.3 1161 9.1450 1.6459    gCH ( 47), tring ( 40) 

24 A' - - 1189.2 1174 5.2359 
 

6.0619 
 

   bCH ( 47), υCC( 36), υCN ( 10) 

25 A' 1227.72 1232.47 1260.6 1236 100.5705 70.8788    υCC ( 29), υCF (25), bCH ( 21),bring (11) 

26 A' - 1270.10 1280.7 1271 3.6075 0.5390    bCH ( 60), υCC (16) 

27 A' 1344.25 1340.72 1361.4 1342 34.9547 
 

6.7519    υCC ( 89) 

28 A' 1407.50 
 

1377.2 1411 350.5996 347.3701    NO ( 56), υCC( 13), bCH ( 10), υCN( 10) 

29 A' - 1428.22 1442.4 1430 25.7637 4.6842    υCC ( 39), bCH ( 21), υNO( 16) 

30 A' 1527.64 - 1514.0 1509 54.0785 
 

6.3994    bCH ( 48), υCC ( 40) 

31 A' 1598.64 1583.06 1591.0 1600 89.7997 23.8327   υCC ( 73), bring ( 10) 

32 A' - 1633.40 1633.5 1636 170.5466 137.9027    υCC ( 68), bCH ( 14), bring ( 10) 

33 A' - 1681.54 1653.4 1680 281.7025 
 

38.1903    NO ( 81), bCNO (15) 

34 A' 3040.77 - 3230.0 3081 0.6251 52.6651    υCH( 99) 

35 A' - 3080.81 3236.5 3088 2.1773 65.6645    υCH( 99) 

36 A' 3100.28 - 3249.6 3100 4.9704 99.4427 
 

  υCH( 99) 

(υ) stretching (b)bending; (g) scissoring and wagging ; (t) torsion ;PED values are greater than 10% are given 
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5.2.1. CH VIBRATIONS:  
The hetero aromatic compounds shows the presence of C-H stretching vibrations in the region 3100-3000 

cm-1 which is the characteristic region for the ready identification of C-H stretching vibrations [8].They are not 
appreciably affected by nature of substituent. Three stretching modes of 4B2F1NB have been assigned at 3040, 3100 
cm-1 in FT-IR spectrum and 3080 cm-1 in FT-Raman spectrum. Their calculated values scaled to 3081, 3088 and 3100 
cm-1 respectively with a PED contribution of 99%.  
 The C-H in-plane-bending vibrations in aromatic heterocyclic compounds characterized by several medium to 
strong intensity bands in the region between 1300 and 1000 cm-1. At a point, when there is in-plane interaction over 
1200 cm-1, a carbon and its hydrogen usually move in opposite direction [10]. Accordingly in 4B2F1NB, the C-H in–
plane bending vibrations are observed at 1227, 1407 and 1527 cm-1 in FTIR spectrum and 1232, 1270 and 1428 and 
1633  cm-1 in FT Raman spectrum is comparatively shifted to higher frequencies as its force constant values are high. 
The theoretically calculated values for C-H in-plane bending vibrations are 1122, 1189, 1280, 1377, 1442 and 1513 
cm-1.The experimental and the theoretical values were found to be in good agreement. The C-H out-of-plane 
bending vibrations give rise to intense bands in the region between 1000 and 650 cm-1 [10].  The out-of-plane 
bending modes observed at 892, 1157cm-1 in FTIR spectrum and 1063 cm-1 in FT Raman spectrum. According to 
Socrates, [11]  there exist bands of variable intensity in the region 690-850 cm-1 due to C-H out-of-plane deformation 
vibration which is the characteristic of the position of the substituent. For the title compound, the C-H out-of-plane 
deformation modes have established their peaks at 830 cm-1 in FTIR spectra. 
 
 5.2.2. C-C VIBRATIONS: 

Generally, the C-C stretching vibration in aromatic compounds form six bands in the region 1650-1430cm-1. 
[12,13] These bands show intention to shift to the lower wave number with heavy substituents and increasing in 
number of substituents on the compound gives rise to these vibrations to observe wide region of FTIR spectrum. For 
aromatic six membered rings ,e.g., benzene and pyridines , there are two or three bands in this region due to 
skeletal vibrations ,the strongest usually being at about 1500cm-1 . In general, the bands are of variable intensity and 
are observed at 1625-1590,1590-1575,1525-1470 and 1465-1430cm-1.[14] 

The IR spectrum bands which are observed at 1598,1527,1407,1344,1227,1095,960 and 551 cm-1 in FTIR and 
the Raman peaks at 1633,1583,1428,1340,1270,1232,1116,836,687 and 556 cm-1 are due to C-C stretching 
vibrations. All the modes were predicted theoretically at 1633, 1590 1513, 1442, 1377, 1361, 1280, 1260, 1122, 
1095, 904, 842, 693 and 563 cm-1 respectively. Most of the ring vibrational modes are affected by the substitutions in 
the aromatic ring of 4B2F1NB.In this study, the reductions in the frequencies of these modes are due to the change 
in force constant and the vibrations of the functional groups present in the molecule. The theoretically calculated 
values for C-C vibrational modes by B3LYP/6-311++G (d,p) method gives excellent agreement with experimental 
data.[15] 

Deformation vibrations were recorded at 551 cm-1 in FTIR spectrum and 556 cm-1 in FT Raman spectrum. The 
literature results support these findings. The C-C in-plane bending vibration and out-of plane bending vibrations lies 
in the region 1000-400 cm-1(Prasad et al.2013).So ,the band observed at 443,551,960,1095,1227, 1598 cm-1 in FTIR  
and at 687 , 1583, 1633 cm-1 in FT-Raman spectra is readily assigned for CC in-plane-bending vibration. Also the 
bands observed at 830 ,1063,1157cm-1 in FT-IR   and 278,471 and 650cm-1 for FT-Raman spectrum is assigned for CC 
out-of-plane bending vibration. The out-of-Plane bending vibration was theoretically predicted at 563 cm-1. 

 
5.2.3. C-N VIBRATIONS: 

The identification of C-N vibrations is a very difficult task since mixing of several bands is possible in this 
region. [16, 17].However with the help of force field calculations, the C-N stretching vibrations are identified and 
assigned in this work. The FTIR bands appearing at 443, 581, 1095 and 1407 cm-1 respectively. The FT Raman band  
appearing at 836 cm-1 for 4B2F1NB.The in-plane and out-of-plane bending vibrations assigned for 4B2F1NB are also 
presented in Table.2.Corresponding bands are theoretically calculated at 1411,1090,842,586,451cm-1.Theoretical 
and Experimental values are found to be in good agreement. 
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5.2.4. NO2VIBRATIONS: 

The characteristic group frequencies of the nitro group are relatively independent of the rest of the molecule 
which makes this group convenient to identify. Aromatic nitro compounds have strong absorptions due to the 
asymmetric and symmetric stretching vibrations of the NO2 group at 1570-1485cm-1 and 1370-1320 cm-1 
respectively [18].Hence the stretching modes of the nitro group were identified at 1681, 1428cm-1  
in FTIR and 1407cm-1 in FT Raman spectrum for 4B2F1NB. Here one vibrational mode is slightly greater than the 
characteristic region and that may be affected due to the change in position of the nitro group. The deformation 
vibrations of NO2 group (rocking, wagging, twisting) contribute to several normal modes in the low frequency 
region. [19] The twisting modes of NO2 in 4B2F1NB are identified in their characteristic regions and are presented in 
Table.2.The twisting modes of 4B2F1NB observed at 278 cm-1and 471cm-1 in FT Raman and 745 cm-1 in FT-IR 
respectively. [20]  
 
5.2.5. C-X VIBRATIONS:(C-X;X=BR,F) 
  The vibrations belonging to the bond between the ring and the halogen atoms are worth to discuss here, 
since mixture of vibrations are possible due to the presence of heavy atoms on the periphery of the molecule [21].C-
X bond demonstrate lower absorption frequencies as compared to C-H bond due to the decreased force constant 
and increase in reduced mass. Further, Br and F cause redistribution of charges in the ring. 

Aromatic fluorine compounds give stretching bands in the region 1270-1100cm-1. [22] The vibrations are 
easily affected by the adjacent atoms (or) groups. The FTIR & FT-Raman bands are appeared at 960, 1227 cm-1 in FTIR 
and 1232 cm-1 in FT-Raman for 4B2F1NB is assigned to C-F stretching vibration. The out of plane bending mode for 
CF stretching is observed at 650cm-1 in FT Raman and 830 cm-1 in FTIR spectrum. 

C-Br stretching are recorded at 443 cm-1 and 960 cm-1 in FTIR and 1116cm-1 in FT-Raman. The out of plane 
bending modes observed at 79, 471, 650 cm-1 in FT Raman band and 114cm-1 in FT Raman is assigned to C-Br in-
plane bending vibration. Both the experimental and the theoretical values are found to be in good agreement. 
 
5.2.6. RING VIBRATION: 

For aromatic ring, some bands are observed below 700cm-1.These bands are quite sensitive to change in 
nature and position of the substituents [23-26]. In this present work, the out-of-plane bending vibrations occur at 
278 cm-1 in FT-Raman spectrum and the in-plane bending vibration occurs at 551cm-1 in FTIR spectrum and 556 cm-1, 
687 cm-1 in FT Raman spectrum. Although other bands depend mainly on the substitution and the number of 
substituents rather than on their chemical nature (or) mass, so that these latter vibrations together with the out-of-
plane vibrations of the ring hydrogen atoms are extremely useful in determining the position of substituent [27]. For 
our present compound, we have in-plane modes of vibrations at 830 cm-1 and 598 cm-1 in FTIR and out of plane 
vibration observed at1063 cm-1 respectively. 
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6. Thermodynamic Properties:  
     The thermodynamic parameters such as energy, heat capacity, entropy, rotational constants, zero point 

vibrational energies of the compounds have also been figured at the DFT-B3LYP level using 6-311++G(d,p) basis 

sets and are exhibited in Table 3 and Table.4. The energy of 4B2F1NB has been calculated to  -3107.12624470 a.u. 

The thermodynamic information give supportive data to the further review on the title compound, when these 

might be utilized as a reactant to take part in new reaction.[28] There is no much deviation in the thermodynamic 

properties figured from these techniques. The entropy changes shows that the atom has greater adaptability of 

changing its own thermodynamic system regarding the temperature. [29] 

      On the premise of vibrational examination at B3LYP/6-311g++ (d,p) level ,the standard measurable 

thermodynamic capacities: heat capacity, entropy and enthalpy changes for the present compound were 

obtained from the theoretical harmonic frequencies and listed in Table.3.All the figured thermodynamic elements 

of 4B2F1NB ,increments relentlessly with temperature ,going from 100 to 1000k, due to the enhancement of the 

molecular vibration with increment in temperature. Here all the said thermodynamic estimations were done in 

gas phase. According to the second law of thermodynamics in thermo chemical field, these figurings can be 

utilized to process the thermodynamic energies and help to help to estimate the directions of chemical reactions. 

. 

Table 3.The Temperature dependence of Thermodynamic parameters of 4B2F1NB 

Temperature [T] 
Energy[E] 

(KCal/Mol) 
Heat capacity[Cv] 
(Cal/Mol-kelvin) 

Entropy[s] 
(Cal/Mol-kelvin) 

100 49.208 15.454 78.168 

200 51.264 25.594 93.394 

300 54.310 35.171 106.419 

400 58.252 43.367 118.272 

500 62.924 49.805 129.116 

600 68.162 54.719 139.014 

700 73.830 58.491 148.051 

800 79.832 61.435 156.326 

900 86.097 63.773 163.936 

1000 92.572 65.660 170.966 

 
The graph showing  the correlation of heat capacity at constant pressure (Cp),entropy(S) and enthalpy change 
(∆H0→T) with temperature is delineated in Fig.4 , Fig.5 and Fig .6 
 

TABLE 4.The calculated Thermodynamical parameters of 1B4NB 

Parameters B3LYP/6-31G(d,p) 

Zero-point vibrational energy 
(Kcal/Mol) 

48.13582 

Rotational constants (GHz): A    2.27917 
B    0.35628 
C    0.30811 

 

Dipole Moment 4.4312 Debye 
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Fig.4. Temperature dependence of energy of 4B2F1NB 
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Fig.5.Temperature dependence of Heat capacity at Constant Volume of 4B2F1NB 

 
 

100 200 300 400 500 600 700 800 900 1000

80

100

120

140

160

180

Entropy  verses Temperature

E
n
tr

o
p

y
[s

](
C

a
l/
M

o
l-

k
e

lv
in

Temperature

 
Fig.6. Temperature dependence of Entropy of 4B2F1NB 
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7. HOMO-LUMO ANALYSIS: 
      Frontier molecular orbitals (FMOs)  play an important role in the optical and electronic properties,as well as in 
quantum chemistry and UV-Vis spectra. The HOMO represents the ability to donate an electron where LUMO ,as 
electron acceptor ,represents the ability to obtain electron and the energy gap between HOMO and LUMO 
characterizes the molecular chemical stability, chemical reactivity, hardness and softness of the molecule( 
Sylystree et al.2012).The three dimensional plots of the FMOs are shown in Fig.7.While the energy of the HOMO 
is directly related to the  ionization potential, LUMO energy is directly related to the electron affinity. Energy 
difference between HOMO and LUMO orbitalis called as energy gap, which is important for stability of 
structures.[30]and it is a basic parameter in deciding molecular electrical transport properties since it is a 
measure of electron conductivity[31]. The HOMO-LUMO orbitals computed at B3LYP/6-311++G(d,p) level for the 
titled compounds are illustrated in Figure7.The Frontier orbital energy gap for 4B2F1NB is 4.6686 eV. Here the 
energy gap between HOMO and LUMO shows that our present compound have high band between the frontier 
molecular orbitals. A high HOMO-LUMO energy gap implies high kinetic stability and low chemical reactivity 
because it is energetically unfavourable to add electron to a high lying LUMO by extracting electrons from low 
lying HOMO [32]. 
The Homo and Lumo energy calculated by B3LYP/6-311G++ method is shown below. 
HOMO energy = - 7.871169 eV 

LUMO energy = -3.202509 eV 

HOMO-LUMO energy gap =4.668659 eV   

 

  
 

 
Fig.7.The atomic orbital compositions of the frontier molecular orbital(HOMO-LUMO) for 4B2F1NB 

8. Global chemical reactive descriptors:   
Global chemical reactive descriptors of compounds such as electronegativity χ, chemical potential μ 

,hardness η, softness S and electrophilicity index ω are deduced from ionization potential and electron affinity 
values. Softness(S) is a property of compound that measures the extent of chemical reactivity. It is the reciprocal 
of hardness [33]. 

Using Koopman’s theorem *34] for closed-shell compounds  η, μ and χ can be defined as, 
The electronegavity of the molecule is given by the equation, 
 

χ =
 

 
 (I+A) 

            The hardness of the molecule (η) can be expressed as 

HOMO PLOT 

[GROUND STATE] 

ΔE =  =  4.668659 eV   

EHOMO= - 7.871169 eV 

 

LUMO PLOT  

[EXCITED STATE] 

 

ELUMO  = -3.202509 eV 
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η=
 

 
 (I-A) 

Here A and I are the ionization potential and affinity of any chemical system, atom, iron, molecule or radical.   The 
ionization potential is determined from I= -EHOMO, while the electron affinity is calculated from A=-E-Lumo. 
Electrophilicity index is one of the important chemical descriptors in describing toxicity and biological activities of 
the molecules [33, 34]. 
The values of electronegativity, hardness, softness and electrophilicity index that are obtained for the titled 
molecules are tabulated in Table.5.  
 

TABLE .5. Energy values of 4B2F1NB by B3LYP/6 311++g(d,p) method 

Energies Values 

EHOMO (eV) - 7.871169 eV 

ELUMO (eV) -3.202509 eV 

EHOMO - ELUMO gap (eV) 4.668659 eV 

Chemical hardness (η) 2.1351 

Softness (S) 0.2342 

Chemical potential (μ) 5.0922 

Electronegativity ( χ) -5.0922 

Electrophilicity index (ω) 6.0723 

   
9. ANALYSIS OF MOLECULAR ELECTROSTATIC POTENTIAL (MESP): 
     The molecular electrostatic potential surface is a method of mapping electrostatic potential onto the iso-
electron density surface simultaneously displays electrostatic potential (electron + nuclei) distribution, molecular 
shape, size and dipole moments of the molecule and it provides a visual method to understand the relative 
polarity. Electrostatic potential map is widely used as the reactivity map displaying most probable region for the 
electrophilic attack of charged point-like reagents on organic molecules.[35] MESP illustrate the charge 
distributions of molecules three dimensionally. These maps allow us to visualize variably charged regions of a 
molecule. Knowledge of the charge distributions can be used to determine how molecules interact with one 
another. One of the motivations behind finding the electrostatic potentials to locate the reactive site of a 
molecule. The mesh view  and solid view with the colour grading is shown in Fig.8(a). and Fig.8(b). 

The different values of the electrostatic potential at the surface are represented by different colours. 
Potential increases in the order Red<yellow<green<blue where blue and yellow (negative region) are related to 
electrophilic reactivity. The maximum positive regions are localized on the oxygen atom of nitro group which can 
be considered as possible sites for nucleophilic attack.The mesh view clearly demonstrates that the negative 
potential sites are on the electronegative atoms while the positive potential sites around oxygen atoms. Green 
area covers parts of the molecule where electrostatic potentials are nearly equal to zero [36].This is a region of 
zero potential enveloping the л systems of aromatic ring leaving a more electophilic region in the plane of 
bromine atom. The Electrostatic Potential from Total SCF Density mapped with esp is shown in Fig.8(a) and 
Fig.8(b).Also, the contour map of positive and negative potential for 4B2F1NB is shown in Fig.9. 
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                a) Mesh View                                                                                   b) Solid View 
Fig.8.Electron density of 4B2F1NB from total SCF density mapped with esp 

 
        

 
 
 

Fig.9.Contour Map of 4B2F1NB 
10. 11.MULLIKEN ANALYSIS: 

The Mulliken charge in any molecule is directly identified with their vibrational properties and evaluates 

how the electronic structure charges under atomic displacement. In this manner it is directly related to the 

chemical bonds present in the titled molecule. It affects many parameters of the molecule such as its dipole 

moment, polarizability,electronic structure and other properties of molecular system. [37,38] The total atomic 

charges of 4-Bromo-2-Fluoro-1-Nitrobenzene obtained by Mullikan population analysis with 6-311++G basis sets 

are listed in Table.6.The corresponding Mulliken’s plot for title compounds with 6-311++Gbasis sets are shown in 

Fig.10. For 4B2F1NB, the atomic charge on C2, C4, C6 are positive charges and C1, C3, C5 are negative. The 

remaining atoms N7, F8, O13 exhibit negative charges and Br10, O14 exhibit positive charges. The Mulliken 

atomic charge of C6 in 6-311G++ basis of 4B2F1B occupies the higher positive value. The presence of large 

negative charge on N7 and O13 and net positive charge on hydrogen atom may suggest the formation of 

intramolecular interaction in solid forms. The histogram of calculated  Milliken charges are also shown in Fig.11.  
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Fig.10. Mulliken atomic charges 
 

Table 6. Atomic Charges for optimized geometry of 4B2F1NB 
 using DFT-B3LYP/6-311++G (d,p) 

Atoms Mullikkan Atomic Charges 
C1 -0.25039 
C2 0.139199 
C3 -0.57595 
C4 0.352312 
C5 -0.98907 
C6 1.035992 
N7 -0.32668 
F8 -0.29344 
H9 0.265977 

Br10 0.082171 
H11 0.243724 
H12 0.333452 
O13 -0.04575 
O14 0.028442 

 

C1 C2 C3 C4 C5 C6 N7 F8 H9 Br10 H11 H12 O13 O14
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Fig.11. Histogram of calculated Mulliken charges of 4B2F1NB 
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11.POLARIZABILITY AND FIRST ORDER HYPERPOLARIZAILITY: 
In order to investigate the relationships among molecular structures and non linear optical properties 

(NLO),the polarizabilities and first order hyperpolarizabilities of the 4B2F1NB was calculated using DFT/B3LYP 
method with 6-311++G(d,p) basis set based on the finite field approach. 
 The polarizability and hyperpolarizability tensors (αxx, αxy, αyy, αxz, αyz, αzz and βxxx βxxy βxyy βyyy βxxz βxyz βyyz βzzz 

) can be obtained by a frequency job output file of Gaussian. The mean polarizability (αtot), anisotropy of 
polarizability (∆α) and the average value of the first order hyperpolarizbilities (βtot )can be calculated using the 
equations. 

αtot  =  αxx + αyy + αzz / 3 
 

 

  
 *(αxx - αyy)

2 + (αyy – αzz)
2 +(αzz – αxx)

2+6 α2
xx]

1/2 

 
β = *(βxxx+ βxxy+ βxyy)

2+(βyyy+ βxxz+ βyyz)
2+(βxzz+ βyzz+ βzzz)

2] 
     In Table the figured parameters portrayed above and electronic dipole moment µi (i=x,y,z) and the total dipole 
moment µ for the title compound are recorded. The total dipole moment can be calculated utilizing the below 
equation. [39] 

µ = √µ2
x+µ2

y+µ2
z 

     It is well known that the higher estimations of dipole moment, molecular polarizability and first order 
hyperpolarizability are essential for more active NLO properties. The first order hyper polarizability and the 
component first hyper polarizability βx, βy and βz of 4B2F1NB along with the related properties are reported in 
Table.7.The values of the polarizabilities and hyperpolarizabilitiy of the Gaussian 09 output are reported in 
atomic units (a.u).All the calculated values the have been converted into electrostatic units (esu). (For α : 1a.u.= 
0.1482× 10-24 esu; For β : 1a.u.=8.3×10-33 esu). Total dipole moment of title molecule is approximately 3 times 
greater than that of urea and first order hyperpolarizability is very much greater than that of urea (µ and  β of 
urea are 1.372 Debye and 0.3728× 10-30 esu) acquired by B3LYP /6-311++G(d,p) method. This result indicates the 
nonlinearity of the title molecule. [40] We find that the ground state dipole moment and the hyperpolarizability 
are governed by the extent of electron delocalization, which in turn depends on the structural details of the 
molecules.[41] It is important to note that ,since equilibrium geometries are noncentro-symmetric, dipole 
moment, as well as first hyperpolarizabilities are nonzero.[42] 
 
Table. 7.The Calculated Electric dipole moment , Polarizability and First Hyperpolarizability of 4B2F1NB 

Dipole Moment µ Polarizability α First order Hyperpolarizability β 

Parameter value Parameter a.u esu(× 10-24) parameter a.u esu 
(×10-33) 

µx 4.3544 αxx -93.7101 -13.8878 βxxx 159.1410 1374.822 

µy -0.8213 αxy 0.4919 0.07289 βxxy 9.1733 79.2481 

µz -0.001 αyy -72.6010 10.7594 βxyy 35.9479 310.553 

µtot 4.432 α xz 0.0003 0.00004 βyyy 2.9595 25.5671 

  αyz 0.0000 0.00000 βxxz -0.0019 0.01641 

  αzz -74.3698 -11.0216 βyyz 0.0000 0.0000 

  αtot -80.2189 -11.8884 βxzz 13.5203 116.801 

     βyzz 5.1642 44.6135 

     βzzz -0.0005 0.0004 

     βxyz 0.0001 0.0008 

     β 205.1362 1772.1716 

First order Hyperpolarizability β 1.7721716× 10 -30esu 
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12. UV-VIS SPECTRAL ANALYSIS:  
Ultraviolet spectroscopy is also known as absorption spectroscopy or reflectance spectroscopy in the UV-

Vis spectral region.This means it uses light in the visible and adjacent (near UV and Near-infrared (NIR) ranges. 
The wavelengths of absorption peaks can be correlated with the types of bonds in a given molecule and are 
valuable in deciding the functional groups within a molecule [43].The calculated UV-Vis spectrum is displayed in 
Fig.12. 

 
    Fig.12. The UV-Visible Spectrum and excitation energy v/s oscillator strength of 4B2F1NB 
 

The time –dependent density functional theory (TD-DFT) calculation has been performed for 4B2FINB on 
the basis of fully optimized ground state structure to investigate the electronic absorption properties. Calculation 
of molecular orbital geometry show that the visible absorption maxima of this molecule correspond to the 
electron transition between frontier orbitals such as translation from Homo to Lumo. The   values are obtained 
from the UV-Vis spectra analyzed theoretically with B3LYP/6-311G** basis set. The calculated visible absorption 
maxima which are a function of electron excitation energies, Oscillator strength are all presented in Table.8. 
          Table.8.Theoretical electronic absorption spectra values of 4B2F1NB 

Excited State Energy (eV) Wavelength λ (nm) Oscillator strengths (f) 

1 2.8215 439.43 0.0000 

2 3.9803 311.49 0.0003 

3 4.0786 303.98 0.1576 

 
13. NMR SPECTROSCOPY: 

The molecular structure of the title compounds was optimized. Then ,Guage –including (GIAO) CNMR 
chemical shifts calculations of the title compounds had been done utilizing B3LYP/functional with 6311++G** 
basis set. The GIAO [44] method was one of the most widely recognized methodologies for computing isotropic 
magnetic shielding tensors. The NMR spectra figurings were performed by utilizing the Gaussian 09 program 
package. The theoretical chemical shifts of 4B2F1NB in 13 C NMR and 1H NMR  spectra  is recorded and the 
acquired information are exhibited in Table.9. 

Considering that the scope of 13C NMR chemical shift for organic molecules is normally more noteworthy 
than 100 ppm, this ensures that reliable interpretation of spectroscopic parameters.[45] Also in this work, 13C 
NMR chemical shifts in the ring for the title molecule are greater than 100 ppm. Since the Fluorine atom is more 
electronegative, the chemical shift of carbon atom C2 falls in the region of higher ppm values. The theoretically 
calculated 13 C and 1H NMR range are appeared in Fig.13.Among these three hydrogen atoms ,the H12 have 
maximum chemical shift that explains the electron donating property of nitrogen. Whereas for the remaining 
hydrogen H9 and H11 the chemical shift is found to be 7.6ppm and 7.59 ppm due to the presence of carbon 
atoms and the absence of electronegative atom in the neighbourhood. 
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Table.9. Theoretically calculated NMR spectra of  1H  & 13C 4-Bromo-2-Fluoro-1-Nitrobenzene 

Atom Chemical Shift(ppm) 

C1 142.6608 

C2 169.2233 

C3 128.4513 

C4 158.674 

C5 134.2354 

C6 128.1099 

H9 7.659600 

H11 7.5917000 

H12 8.145200 

 
 
 

       
 
 
 
 

 
Fig.13.Theoretically calculated NMR spectrum of 13C (above) and 1H(below) for 4B2F1NB 

Conclusion: 

in this study, the optimized molecular structure, ped, thermodynamic and electronic properties of the 

title compound were calculated by dft method using b3lyp/6-311g++ (d, p)basis set. in thermodynamic 

investigation, it was seen that the entropies increase with the increase in temperature as the intensities are 

enhanced by the higher temperature values. the fundamental vibrational modes of the title compound have been 

precisely assigned, analyzed and the experimental results were compared with the theoretical values. homo lumo 

energy gaps explain the eventual charge transfer interactions taking place within the molecule. the influences of 

electronegative atoms on the atomic charges were studied in detail. the prediction of reactive behaviour of 

4b2f1nb in both electophilic and nucleophilic reactions has been done with the help of mesp visualization. the 

chemical shift shielding tensors are predicted by the computational nmr method. in this way, the complete 

vibrational assignments, structural information and electronic properties of the title compound were provided in 

the present investigation the dipole moment and hyperpolarizability result indicates the nlo property of the title 

molecule. 
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