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Introduction 

Derivatives of dichloro-α,α,α-trifluorotoluene (DαααTFT) 

have got wide applications, such as anti-bacterial agents, central 

nervous system depressants, tranquilizers for alleviation of 

anxiety, anti-malarial agent-mefloquine, for heat transfer 

printing of Polyester textiles, insecticides, a developer (blue) for 

use in sensitive diazo process mutagenic activity, intermediate 

for dyes, germicides, pharmaceuticals, crop protectants, 

intermediates for dye, colourant manufacture and fungicide [1-

9]. dichloro-α,α,α-trifluorotoluene (DαααTFT) is very important 

due to its extensive use as intermediate for pharmaceutical [10]. 

Fluoride alters the maturation process of the enamel and reacts 

with its structure to form fluorapatite, which is more stable and 

more resistant to acid corrosion than hydroxypatite [11,12]. This 

is the principle of the topical application or systemic use of 

fluoride, which prevents and diminishes the risk of dental cares. 

However, excess fluoride during enamel formation, particularly 

during the maturation phase of amelogenesis, causes both 

esthetic and functional defects in teeth [13]. 

Consideration of these factors leads to undertake the 

detailed spectral investigation of 2,4-dichloro-α,α,α-

trifluorotoluene (DαααTFT). Optimized geometries of the 

molecule have been interpreted and compared with the reported 

experimental values. The experimental geometrical parameters 

show satisfactory agreement with the theoretical prediction from 

DFT. The scaled vibrational frequencies at LSDA/B3LYP/6-

311++G(d,p) seem to coincide with the experimentally observed 

values with acceptable deviations. In particular, for polyatomic 

molecules the DFT methods lead to the prediction of more 

accurate molecular structure and vibrational frequencies. In DFT 

methods, local-spin density approximation LSDA [14-17] 

generally gives good molecular structures, vibrational 

frequencies, charges and densities in strongly bounded systems, 

Becke’s three parameter hybrids function combined with the 

Lee-Yang-Parr correlation function (B3LYP) [18-19] predict the 

best results for molecular geometry and vibrational wave 

numbers for moderately larger molecule. 

Experimental Details 

The FT-IR spectrum of the DαααTFT molecule is recorded 

in BRUKER IFS 66 V spectrometer in the range of 4000 - 400 

cm
-1

. The spectral resolution is ± 2 cm
-1

. Additional supports for 

the vibrational assignments are obtained from the FT-Raman 

spectrum. So the FT-Raman spectrum of this molecule is also 

recorded with FRA 106 Raman module equipped with Nd:YAG 

laser source operating at 1.064 μm line widths with 200 mw 

power. The spectrum was recorded in the range of 3500 - 50 cm
-

1
 with scanning speed of 30 cm

-1
 min

-1
 of spectral width 2 cm

-1
. 

The frequencies of all sharp bands are accurate to ± 1 cm
-1

. 

Computational Methods 

The molecular structure of DαααTFT in the ground state is 

computed by performing DFT (LSDA and B3LYP) with 6-

311++G(d,p) basis set using GAUSSIAN 09W program [20]. 

Structural parameters are used in the vibrational frequency 

calculations in DFT method. Geometries have been first 

optimized with full relaxation on the potential energy surfaces at 

LSDA/6-311++G(d,p) basis set. The optimized geometrical 

parameters, fundamental vibrational frequencies, IR and Raman 

intensities are calculated using the GAUSSIAN 09W package 

program. 

By combining the results of the GAUSSVIEW [21]program 

with symmetry considerations, vibrational frequency 

assignments are made with a high degree of accuracy. There 

may be some mismatch in defining internal co-ordination. But 

the defined co-ordinate forms complete set and matches quite 

well with the motions observed using GASSVIEW program. 
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ABSTRACT 

The FT-IR and FT-Raman spectra of 2,4-dichloro-α,α,α-trifluorotoluene (DαααTFT ) have been 

recorded in the range of 4000–400 cm
-1

 and 3500–50 cm
-1

 respectively. The molecular 

geometry and  vibrational frequencies in the ground state are calculated using the  LSDA 

and B3LYP method with 6-311+G(d, p) and 6-311++G (d, p) basis sets     . The computed 

values of frequencies are scaled using a suitable scale  factor to yield good coherence with 

the observed values. Most of the modes have wave numbers in the   expected range. The 

calculated HOMO–LUMO energy gap shows that charge transfer occur within the molecule. 

NBO analysis has been performed in order to elucidate charge transfers or conjugative 

interaction, the intra-molecule hybridization and delocalization of electron density within the 

molecule. The total energy distribution (TED) has also been calculated for each mode of the 

vibration of the molecule. 
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Results and Discussion 

Molecular Geometry 

The optimized molecular structure of DαααTFT is shown in 

Fig. 1.  

 

Fig 1.Optimized molecular structure of 2,4-dichloro--

trifluorotoluene 

The global minimum energy is obtained by DFT structure 

optimization based on LSDA/6-311++G(d,p),B3LYP/6-

311++G(d,p) basis set for DαααTFT as -1483.358723 and                

-1488.529710 Hartrees, respectively. The comparative 

optimized structural parameters such as bond lengths, bond 

angles and dihedral angles are presented in Table  1. 

From the theoretical values, it is found that most of the 

optimized bond lengths are slightly larger than the experimental 

values, due to that the theoretical calculations of isolated 

molecules in gaseous phase and the experimental results of 

molecules are in solid state. Comparing bond angles and lengths 

of LSDA/B3LYP, the values of the B3LYP method are larger. 

         According to the computed values B3LYP/6-311++G(d,p), 

the entire C-C bond lengths of the benzene ring differ from one 

another by 0.001A° to 0.004A°. Hence the hexagonal structure 

of the benzene ring is not affected by a large amount due to the 

CCl and CH substitutions. The experimental bond length of C-

Cl is 1.781 A° and 1.774 A° [22] and they nearly coincides with 

the calculated value from LSDA/6-311++G(d,p) method. The 

bond lengths of CH calculated by DFT with LSDA/B3LYP/6-

311++G(d,p) are 1.475 A° and 1.496 A°, respectively. On 

comparing these values with experimental value of 1.469 A°, it 

is seen that the DFT (LSDA/B3LYP) overestimates the bond 

length. Another value of C-C bond length of LSDA/6-

311++G(d,p) is 1.089 A°. The bond lengths of C-F calculated by 

DFT with LSDA/B3LYP/6-311++G(d,p) are 1.387 A° and 

1.401 A° respectively, while comparing these values with 

experimental value of 1.375 A°, the symmetry of the benzene 

ring is not disturbed to a great extent and is evident by the CCC 

bond angle C1-C2-C3  C3-C4-C5  C4-C5-C6  121°, C4-C3-

C2  C6-C1-C2  118°, C4-C5-C6  120°. The value of the 

bond angle CCCl bond angle is C3-C4-Cl13  C5-C4-Cl13  

119°. The value of the bond angle C4-C5-H14 (~ 121.1°) 

calculated by LSDA/B3LYP/ 6-311++G(d,p) is 1.1° higher than 

the experimental value of 120° whereas the value of the bond 

angle is C6-C5-C4  C1-C6-H15  C5-C6  H15  120°. The 

value of the bond angle F9-C7-F8  F9-C7-F10  F8-C7-F10  

106° is calculated by LSDA/B3LYP/6-311++G(d,p) methods. 

Vibrational Assignments 

The DαααTFT consists of 15 atoms, and belongs to C1 point 

group symmetry. Hence the number of normal modes of 

vibrations for DαααTFT works to 39. The observed FTIR and 

FT-Raman spectra of DαααTFT are shown in Fig.2 and 3, 

respectively.  

 

Fig 2. FT-IR spectrum of 2,4-dichloro--trifluorotoluene 
 

Fig 3. FT-Raman spectrum of 2,4-dichloro--

trifluorotoluene 

The harmonic vibrational frequencies calculated for 

DαααTFT at DFT–LSDA/B3LYP levels using 6-311++G(d,p) 

basis set, observed FTIR and FT-Raman frequencies for various 

modes of vibrations are presented in Table  2. 

C-H Vibrations 

The aromatic organic compounds structure shows the 

presence of asymmetric C-H stretching vibrations in the region 

3100 - 3000 cm
1

 [23,24]. This is the characteristic region for 

recognition on C-H stretching vibrations. In the present 

investigation, the bands observed at 3111, 3099 cm
-1

 in FT-IR 

and 3095 cm
1

 in   FT-Raman spectra have been assigned to C-H 

stretching vibrations for DαααTFT. The C-H in-plane and out-

of-plane bending vibrations normally take place as a number of 

strong to weak intensity sharp bands in the region of 1300 - 

1000 cm
-1

 and 1000 - 750 cm
1

 [25-31], respectively. The bands 

for C-H in-plane bending vibrations are identified at 1180, 1148 and 

1108 cm
1

 in FTIR and the C-H out-of-plane bending vibrations 

are found at 963, 871 and 819 cm
1

 in FTIR spectrum
 
for 

DαααTFT. 

C=C and C-C Vibrations 

The six ring carbon atoms undergo coupled vibrations 

which are known as skeletal vibrations given a maximum of 
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three bands in the region 1660 - 1420 cm
1

. As predicted in the 

earlier references [32], the prominent peaks at 1600, 1576 and 

1568 cm
1

 in FTIR spectrum are due to strong C=C stretching 

vibrations and 1390, 1332, 1295 cm
1

 in FTIR spectrum and 

1319 cm
1 

in FT-Raman spectrum are due to strong, C-C skeletal 

vibrations for the title compound. These peaks confirm that the 

compound is aromatic in nature [33] The peak is assigned at 733 

cm
1

 in FTIR spectrum and 409 cm
1

 in FT-Raman spectrum due 

to C-C in-plane bending vibrations and out-of-plane bending 

vibrations respectively. Except C-C vibration, all the C=C 

stretching vibrations are coherent with the literature data [34]. 

C-Cl Vibrations 

The C-Cl stretching band is normally expected around 

750580 cm
1 

[35] Strong FT-Raman bands are assigned at 748 

and 679 cm
1

 due to C-Cl stretching vibrations. The C-Cl 

deformation vibrations are expected around 460175 cm
1

 [36]. 

The peaks are assigned at 323 and 282 cm
1

 in FT-Raman spectrum 

due to C-Cl in-plane bending vibrations, and FT-Raman bands at 218 

and 205 cm
1

 are assigned to the C-Cl  out-of-plane bending 

vibrations, when comparison is made with the assignments given 

in literature [37] 

CF3 Vibrations 

Usually symmetric and antisymmetric CF3 stretching 

vibrations are in the region 1290 - 1235 and 1226 - 1200 cm
-1

 

respectively [38-39] Therefore the bands located at 1273 cm
-1

 in 

FTIR spectrum and 1230 cm
-1

 in FT-Raman spectrum are 

assigned to symmetric and antisymmetric stretching vibrations. C-F 

deformations usually occur in regions 690 - 631 cm
-1

, 640 - 580 

cm
-1

 and 570 - 510 cm
-1

 [24] Accordingly CF3 sb, CF3 ipb and 

CF3 opb are identified at 667, 603 and 528 cm
-1

 in FT-Raman 

spectrum respectively. They also supported by the literature 

[40,41]. CF3 rocking vibrational frequency ranges at 460350 

cm
-1

. In the present investigation, the bands located at 457 cm
-1
 in 

FTIR spectrum and 351 cm
-1
 in FT-Raman spectrum are assigned 

to rocking modes of CF3 ipr and CF3 opr respectively. CF3 out-

of-plane stretching and twisting modes are also identified and 

listed in Table  2.  

NBO Study 

In NBO analysis large E
(2)

 value shows the intensive 

interaction between electron donors and electron-acceptors and 

greater the extent of conjugation of the whole system, the 

possible intensive interactions are given in Table 3. The second-

order perturbation theory analysis of Fock matrix in NBO basis 

shows intramolecular hyper conjugative interactions of π 

electrons [42] A filled bonding or lone pair orbital can act as a 

donor and an empty or filled bonding, anti bonding or lone pair 

orbital can act as an acceptor. These interactions can strengthen 

and weaken the bonds. For example, a lone pair donor-anti 

bonding acceptor orbital interaction will weaken the bond 

associated with anti bonding orbital. Conversely, an interaction 

with a bonding pair as the acceptor will strengthen the bond. 

Strong electron delocalization in Lewis structure will also show 

up as donor-acceptor interaction.  

 

For each donor (i) and acceptor (j), the stabilization energy E
(2)

 

associates with the delocalization i  j is estimated as 

   
2

2

ij i

j i

F i, j
E E q

ε - ε
     (1) 

Where qi is the donor orbital occupancy j and i are 

diagonal elements orbital energies and F(i,j) is the off diagonal 

NBO Fock matrix element. Larger E
(2)

 value, the more intensive 

is the interaction between electron donors and acceptors i.e., the 

more donation tendency from electron donors to electron 

acceptor and greater the extent of conjugation of the whole 

system [43]. Delocalization of electron density between occupied 

Lewis type (bond or lone pair) NBO orbital and formally 

unoccupied (antibond or Rydberg) non-Lewis NBO orbital 

corresponds to a stabilizing donor-acceptor interaction. 

NBO analysis has been performed on the title molecule at 

the DFT/B3LYP level in order to elucidate charge transfers or 

conjugative interaction, the intra-molecular rehybridization and 

delocalization of electron density within the molecule. The 

second order perturbation theory analysis of Fock matrix in the 

NBO basis of the molecule shows the strong intra molecular 

hyper conjugative interactions which are presented in the Table 

3. The intramolecular hyper conjugative interactions are formed 

by the orbital overlap between n3(Cl) and σ
*
(C-C) bond orbital 

which results in ICT (intra molecular charge transfer) causing 

stabilization of the system. n-π conjucation between the F and Cl 

lone pair electrons and benzene ring π system is strong in the 

ground state. n3(F8)  σ
*
(C7-F9), n3(F10)  σ

*
(C7-F9), 

n3(Cl11)  π
*
(C1-C2), n3(Cl13)  π

*
(C3-C4) energies are 5.99, 

5.97, 7.06, 6.63 kJ mol
-1

 respectively shows n-π-conjugation 

between fluorine, chlorine and benzene ring. In DαααTFT π
*
(C1-

C2)  π
*
(C5-C6) and π

*
(C3-C4)  π

*
(C5-C6), these 

interactions are seen to give a strong stabilizations 80.72 and 

81.83 kJ mol
-1

 respectively. This strong stabilization denotes the 

larger delocalization. Hence this structure is stabilized by these 

orbital interactions. 

Homo-Lumo Analysis 

Many organic molecules, containing conjugated π electrons 

are characterized by large values of molecular first-order 

hyperpolarizabilities, and are analyzed by means of vibrational 

spectroscopy [44,45] The analysis of the wave function 

indicated 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 molecular 

orbital (LUMO) [46,47] 

The HOMO is located over Benzene ring, chlorine group 

consecutively the HOMO-LUMO transition implies an electron 

density transfer to the fluoro group from benzene ring, chlorine, 

hydrogen group and that is shown in Fig 4. 

 
Fig 4.  HOMO-LUMO structure of 2,4-dichloro--

trifluorotoluene 
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Table  1. Optimized geometrical parameters of 2,4-dichloro--trifluorotoluene computed at LSDA/6-311++G(d,p),  

B3LYP/6-311++G(d,p) methods and basis set 
Bond 

lengths 

Values (Å) Experimental 

valuea 

Bond 

angles 

Values (o) Experimental 

valuea 

Dihedral 

angles 

Values (o) 

LSDA B3LYP LSDA B3LYP LSDA B3LYP 

6-

311++G(d,p) 

6-

311++G(d,p) 

6-

311++G(d,p) 

6-

311++G(d,p) 

6-

311++G(d,p) 

6-

311++G(d,p) 

C1-C2 1.384 1.389 1.382 C4-C3-

C2 

118.52 118.57 119.2 C6-C1-

C2-C3 

-0.0051 0.0017 

C1-C6 1.385 1.394 1.380 C4-C3-

H12 

120.44 120.75 120.8 C6-C5-

C4-Cl13 

-180 -179.9974 

C1-C7 1.089 1.079 1.081 C2-C3-

H12 

121.04 120.68 120.8 H14-C5-

C4-Cl13 

179.9955 -179.9992 

C2-C3 1.384 1.391 1.377 C1-C2-

C3 

121.60 121.80 121.3 C2-C1-

C6-C5 

-0.0035 -0.0013 

C2-

Cl11 

1.787 1.817 1.781 C3-C4-

Cl13 

119.30 119.33 - C4-C5-

C6-H15 

-179.9959 179.9979 

C3-C4 1.383 1.391 1.370 C5-C4-

Cl13 

118.89 118.87 - H14-C5-

C6-C1 

179.9959 179.9996 

C3-

H12 

1.089 1.078 1.078 C6-C1-

C2 

118.50 118.50 119.3 H14-C5-

C6-H15 

0.0035 -0.0012 

C4-C5 1.393 1.402 1.375 C4-C5-

H14 

121.11 121.12 120.0 C1-C2-

C3-C4 

0.004 0.0001 

C4-

Cl13 

1.783 1.815 1.774 C6-C5-

H14 

120.39 120.37 120.4 C5-C4-

C3-H12 

-179.9893 -179.9998 

C5-C6 1.393 1.403 1.375 C3-C4-

C5 

121.18 121.30 120.2 Cl13-C4-

C3-C2 

179.9989 179.9992 

C5-

H14 

1.475 1.496 1.469 C3-C2-

Cl11 

117.73 116.87 - Cl13-C4-

C3-H12 

0.0057 -0.0006 

C6-
H15 

1.475 1.496 1.469 C1-C2-
Cl11 

121.09 121.84 - C2-C3-
C4-C5 

0.0057 -0.0023 

C7-F8 1.387 1.401 1.375 C4-C5-

C6 

120.76 121.84 120.1 C4-C3-

C2-Cl11 

-179.9711 179.9999 

C7 - F9 1.387 1.401 1.375 C6-C1-
C7 

121.90 122.27 121.3 H12-C3-
C2-C1 

-180.001 179.9975 

C7 - 

F10 

1.390 1.401 1.375 C2-C1-

C7 

119.34 119.22 120.4 H12-C3-

C2-Cl11 

0.0222 -0.0003 

    C1-C6-
C5 

121.03 121.11 120.2 C3-C2-
C1-C6 

-0.0139 0.0028 

    C1-C6-

H15 

120.55 119.69 119.8 C3-C2-

C1-C7 

-179.9824 -179.9908 

    C5-C6-
H15 

119.62 119.19 118.5 Cl11-C2-
C1-C6 

179.9621 -179.9996 

    C1-C7-

F8 

112.69 112.94 - H12-C3-

C2-Cl11 

-0.0064 0.0068 

    C1-C7-
F9 

112.66 112.94 - C2-C1-
C6-C5 

0.0128 -0.0009 

    C1-C7-

F10 

111.31 111.78 - C2-C1-

C6-H15 

-179.9946 179.9949 

    F9-C7-
F8 

106.64 106.54 - C7-C1-
C6-C5 

179.9821 179.9929 

    F9-C7-

F10 

106.55 106.58 - C7-C1-

C6-H15 

-0.0253 -0.0063 

    F8-C7-
F10 

106.56 106.06 - C2-C1-
C7-F8 

-60.4024 -60.5245 

        C2-C1-

C7-F9 

60.3288 -60.5245 

        C2-C1-
C7-F10 

179.9584 179.971 

        C6-C1-

C7-F8 

119.6293 119.482 

        C6-C1-
C7-F9 

-119.6396 -119.5307 

        C6-C1-

C7-F10 

-0.0099 -0.0226 

For numbering of atom refer Fig.  1 
a
 For Ref [22]. 
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Table  2. The observed (FTIR and FT-Raman) and calculated (Unscaled and Scaled) frequencies (cm
-1
), probable assignments (Characterized by TED) of 2,4-dichloro-α,α,α-

trifluorotoluene using LSDA/6-311++G(d,p) and B3LYP/6-311++G(d,p) methods and basis set 

Symmetry Species 

C1 

Observed Frequencies  Calculated Frequencies  Scaled Frequencies   Assignments with TED (%) 

FTIR FT-Raman LSDA B3LYP LSDA B3LYP 

6-311++G(d,p) 6-311++G(d,p) 6-311++G(d,p) 6-311++G(d,p) 

A 3111  3156 3227 3114 3112 CH (100) 

A 3099  3151 3225 3103 3102 CH(100) 

A  3095 3140 3210 3096 3095 CH (99) 

A 1600  1628 1624 1590 1591 C=C (99) 

A 1576  1601 1598 1578 1566 C=C (98) 

A 1568  1490 1514 1557 1569 C=C (98) 

A 1390  1411 1416 1380 1381 CC  (95) 

A 1332  1392 1326 1320 1324 CC(89), bCH(10) 

A  1319 1319 1320 1319 1311 CC(89), bCH(9) 

A 1295  1249 1286 1282 1283 CC(80), bCCl(12), bCH(6) 

A 1273  1162 1192 1261 1263 CF3ss (74), bCC(11), bCH(11) 

A 1254  1119 1116 1242 1244 CF3ops (72), CF3ips(20) 

A 1180  1089 1096 1168 1171 bCH (68), bCC(14) 

A 1148  1087 1048 1152 1149 bCH(72), Rsymd(13) 

A  1230 1073 1045 1219 1221 CF3ass(59), bCH(18), Rtrigd(11) 

A  1117 1013 1020 1122 1120 Rsymd(78), CC(20) 

A 1108  959 997 1098 1099 bCH(60), CC(22) 

A 1083  848 910 1078 1080 Rasymd(92), bCC(6) 

A 1039  821 859 1022 1024 Rtrigd(84), bCH(15) 

A 1028  802 799 1015 1018 tRtrigd(74), bCC(23) 

A 963  706 760 949 950 ωCH(76), CC(12), bCC(11) 

A 871  699 698 868 869 ωCH(70), bCCl(10) 

A  832 664 662 816 819 tRsymd(88), ωCC(11) 

A 819  587 607 807 809 ωCH(70), ωCC(18) 

A  748 559 554 739 740 CCl(80), bCC(18) 

A 733  509 521 724 726 bCC(76), bCH(12) 

A  679 504 498 668 669 CCl(78), bCC(15) 

A 667  441 451 654 657 CF3sb(74), CF3ips(20) 

A 655  431 429 641 642 tRasymd bCH(14) 

A 603  390 388 589 591 CF3 ipb(69), CF3opb(18) 

A 528  374 383 512 516 CF3 opb(55), CF3opr(24) 

A 457  307 305 442 445 CF3 ipr(58), ωCC(14), tRtrig((13) 

A  409 270 269 396 399 ωCC(80), tRtrigd(23) 

A  351 199 211 337 341 CF3opr(75), tRtrig(24) 

A  323 188 187 309 310 bCCl(88), Rsymd(10) 

A  282 162 167 268 269 bCCl(80), Rsymd(12) 

A  218 153 155 208 210 ωCCl(62), ωCC(16) 

A  205 75 75 192 193 ωCCl 60), tRsymd(26) 

A  185 52 50 173 175 CF3 twist(78), ωCC(12) 

Abbreviations:  - stretching; b - in-plane bending;  - out-of-plane bending; asymd - asymmetric; symd - symmetric; t - torsion; trig - trigonal; ss - symmetric stretching; ass - 

asymmetric stretching; ips - in-plane stretching,; ops - out-of-plane stretching; sb - symmetric bending; ipr - in-plane rocking; opr - out-of-plane rocking; opb - out-of-plane bending.
a 
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The HOMO-LUMO energy gap of DαααTFT is calculated 

at B3LYP/6-311++G(d,p) level, which reveals that the energy 

gap reflects the chemical activity of the compound. The LUMO 

as an electron acceptor (EA) represents the ability to obtain an 

electron and HOMO represents ability to donate an electron 

(ED). 

The strong charge transfer interaction through π-

conjugated bridge results in substantial ground state donor-

acceptor (DA) mixing and the appearance of a charge transfer 

band in the electron absorption spectrum. 

HOMO energy = -0.29971 a.u 

LUMO energy = -0.15477 a.u 

HOMO-LUMO energy gap = 0.14494 a.u. 

The calculated self consistent field (SCF) energy of DαααTFT is 

-1488.529710 a.u. at B3LYP/6-311++G(d,p). The HOMO and 

LUMO energy gap explains the fact that eventual charge 

transfer interaction is taking place within the molecule. 

First Hyperpolarizability 

The first hyperpolarizability (β) of this novel molecular 

system and the related properties (β, α0, ∆α) of DαααTFT are 

calculated using the LSDA and B3LYP method with 6-

311++G(d,p) basis set, based on the finite field approach. In the 

presence of an applied electric field, the energy of a system is a 

function of the electric field. The first hyperpolarizability is a 

third-rank tensor that can be described by a 3 × 3 × 3 matrix 

[48] It can be given in the lower tetrahedral format. It is 

obvious that the lower part of the 3 × 3 × 3 matrixes is 

tetrahedral. The components of β are defined as the coefficients 

in the Taylor series expansion of the energy in the external 

electric field. When the external electric field is weak and 

homogeneous, this expansion becomes, 

0

α α αβ α β αβγ α β γ

1 1
E = E µ F α F F β F F F +...

2 6
     (2) 

Where E
0
 is the energy of the unperturbed molecules, Fα is 

the field at the origin and µα, ααβ and βαβγ are the components of 

dipole moment, polarizability and the first hyperpolarizabilities, 

respectively. The total static dipole moment µ, the mean 

polarizability α0, the anisotropy of the polarizability ∆α and the 

mean first polarizability β, using the x, y, z components are 

defined as follows; 

 
1

2 2 2 2
x y zµ= µ +µ +µ

 

 xx yy zz

0

α +α +α
α =

3  

     
1-1

2  2 2 222
xx yy yy zz zz xxΔα=2 α α + α α + α α +6α xx   

  

 
1

2 2 2 2
x y zβ= β +β +β   

and  

βx = βxxx + βxyy + βxzz 

βy = βyyy + βxxy + βyzz 

βz = βzzz + βxxz + βyyz. 

The LSDA/6-311++G(d,p) calculated the total molecular 

dipole moment (µ) and mean first hyperpolarizability (β) are given 

directly here, 2.7932 Debye  and  2.8289 × 10
-30 

esu respectively, 

and B3LYP/6-311++G(d,p) calculated, the total molecular dipole 

moment (µ) and mean first hyperpolarizability (β) are given 

directly here, 2.9243 Debye and 2.0924 × 10
-30 

esu respectively 

which are comparable with the reported values of similar 

derivatives [49,50]. The large value of hyperpolarizability (β) 

which is a measure of the non-linear optical activity of the 

molecular system is associated with the intermolecular charge 

transfer, resulting from the electron cloud movement through п 

conjugated frame work from electron donor to electron 

acceptor groups. So this molecule is an attractive object for 

future studies of non linear optical properties. 

Conclusion 

Complete vibrational analysis has been made in the present 

investigation for proper frequency assignments for 2,4-

dichloro-α,α,α-trifluorotoluene. The equilibrium geometries, 

vibrational frequencies are calculated and analyzed by DFT 

(LSDA, B3LYP) level of theory utilizing 6-311++G(d,p) basis 

set. In this study NBO analysis, HOMO and LUMO analysis, 

first hyperpolarazability, in the 2,4-dichloro-α,α,α-

Table  3. Second order perturbation theory analysis of Fock matrix in NBO basis corresponding to the intramolecular bonds 

of 2,4-dichloro--trifluorotoluene 
Donor (i) Type ED/e Acceptor (i) Type ED/e aE(2)  

(kJ mol-1) 

bE(j) – E(i) cF(i, j) a.u 

C1-C2  0.84181 C3-C4 * 0.19071 9.72 0.29 0.068 

C1-C2  0.84181 C5-C6 * 0.15664 9.84 0.30 0.069 

C3-C4  0.83439 C1-C2 * 0.21824 9.92 0.28 0.068 

C3-C4  0.83439 C5-C6 * 0.15664 9.48 0.30 0.067 

C5-C6  0.82413 C1-C2 * 21824 11.14 0.26 0.069 

C5-C6  0.82413 C3-C4 * 0.19071 11.04 0.26 0.068 

F8 n3 0.96815 C7-F9 * 0.04633 5.99 0.60 0.076 

F8 n3 0.96815 C7-F10 * 0.04978 5.72 0.61 0.075 

F9 n3 0.96980 C7-F8 * 0.04975 5.71 0.61 0.075 

F9 n3 0.96980 C7-F10 * 0.04978 5.70 0.61 0.075 

F10 n3 0.96815 C7-F8 * 0.04975 5.72 0.61 0.075 

F10 n3 0.96815 C7-F9 * 0.04633 5.97 0.60 0.076 

Cl11 n3 0.95967 C1-C2 * 0.21824 7.06 0.30 0.064 

Cl13 n3 0.96131 C3-C4 * 0.19071 6.63 0.31 0.062 

C1-C2 * 0.21824 C5-C6 * 0.15664 80.72 0.02 0.084 

C3-C4 * 0.19071 C5-C6 * 0.15664 81.83 0.02 0.079 

a
 E

(2) 
 means energy of hyperconjugative interactions (stabilization energy). 

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

c
 F (i,j) is the Fock matrix element between i and j NBO orbital. 
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trifluorotoluene are also discussed elaborately. 
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