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Introduction 

4-chloro-3,5-xylenol is a broad spectrum antimicrobial  

chemical compound  used to control  bacteria,  algae, fungi and 

virus. It is used in hospitals and households for disinfection and 

sanitation. It is also commonly used in antibacterial soaps, 

wound-cleansing applications and household antiseptics such 

as Dettol liquid, cream and ointments. Studies have shown an 

anti-microbial activity which is enhanced by additives. 

Its antibacterial action is due to disruption of cell membrane  

potentials [1]. 4-chloro-3,5-xylenol is not significantly  

toxic to humans and other mammals, is practically non-toxic to 

birds, moderately toxic to freshwater invertebrates and highly 

toxic to fish. It is a mild skin irritant and may trigger allergic  

reactions in some individuals. It has been used in other fields 

such as glue, painting, textile, pulp etc. 

In the present study the FT-IR, FT-Raman and theoretical 

calculations of the wavenumbers of the 4-chloro-3,5-xylenol 

(4C35X) are reported. Further, density functional theory (DFT) 

combined with quantum chemical calculations to determine the 

first-order hyperpolarizability. The calculated HOMO and 

LUMO energies shows that charge transfer occur within the 

molecule. Electronic excitation energies, oscillator strength and 

nature of the respective excited states were calculated by the 

closed-shell singlet calculation method were also calculated for 

the molecule. 

Experimental Details  

 The fine sample of 4C35X were obtained from Lancaster 

Chemical Company, UK, and used as such for the spectral 

measurements. The room temperature Fourier transform infrared 

spectra of the title compounds were measured in the region 

4000–400 cm
−1

 at a resolution of ±1 cm
−1

 using BRUKER IFS 

66V vacuum Fourier transform spectrometer, equipped with an 

MCT detector, a KBr beam splitter and globar source. The FT-

Raman spectra were recorded on the same instrument with FRA 

106 Raman accessories in the region 4000–100 cm
−1

. Nd:YAG 

laser op-erating at 200mW power with 1064 nm excitation was 

used as source. 

 

 

Computational Details  

The molecular geometry optimization vibrational frequency 

calculations were carried out for 4C35X with GAUSSIAN 09W 

software package [2] using B3LYP functional method combined 

with standard 6-311+G** basis set [3,4] was applied to represent 

the molecular orbital. The IR and Raman wave numbers and 

intensities were computed at the same level of theory using the 

harmonic approximation and the analytical derivatives 

procedure incorporated in the GAUSSIAN program. The 

vibrational modes were assigned by means of visual inspection 

using the GAUSSVIEW program [5]. The symmetry of the 

molecule was also helpful in making vibrational assignments. 

The symmetry of the vibrational modes were determined by 

using standard procedure of decomposition the traces of the 

symmetry operations in to the irreducible representations. The 

Raman activities (Si) calculated by the GAUSSIAN 09W 

program were converted to relative Raman intensities (Ii) using 

the following relationship derived from the basic theory of 

Raman scattering, 
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Where 0 is the exciting frequency (in cm
-1

), i is the vibrational 

wavenumber of the i
th 

normal mode; h, c and k are fundamental 

constants, and f is a suitably chosen common normalization 

factor for all peak intensities. 

Results and discussion 

Geometry optimization 

The molecular structure of 4C35X belongs to Cs point group 

symmetry and shown in Fig 1. The 51 normal modes of 

vibrations are distributed among the symmetry species as 3N-

6=35 A′(in plane)+16 A″ (out of plane). All vibrations are active 

in both the Raman scattering and infrared absorption. The A′ 

modes be polarized bands in the Raman spectrum. The global 

minimum energy obtained by the DFT structure optimization for 

the title compound is presented in Table 1. The bond length, 

bond angle and dihedral angle determined at the DFT level of 

theory for the 4C35X compound are listed in Table 2.  
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Vibrational spectra  

Detailed description of vibrational mode can be given by 

means of normal coordinate analysis (NCA). For this purpose, 

the set of 65 standard internal coordinates containing 14 

redundancies are defined as given in Table 3. From these a non-

redundant set of local symmetry coordinates were constructed 

by suitable linear combination of internal coordinates following 

the recommendations of Fogarasi et al. [6] are summarized in 

Table 4. The theoretically calculated DFT force fields were 

transformed to this later set of vibrational coordinates and used 

in all subsequent calculations.  

For visual comparison, the observed and stimulated FT-IR 

and FT-Raman spectra of the title compound are presented in 

Fig 2 and Fig 3, respectively. Comparison between calculated 

and observed vibrational spectra helps us to understand the 

observed spectral features. The results of vibrational analysis, 

viz., calculated vibrational frequencies, IR intensities and 

assignment of the fundamentals for the title compound are 

collected in Table 5.  

Root mean square (RMS) values of frequencies were 

obtained in the study using the following expression,  
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The RMS error of the observed and calculated frequencies 

(unscaled / B3LYP/6-311+G**) of 4C35X was found to be 103 

cm
-1

. In order to reduce the overall deviation between the 

unscaled and observed fundamental frequencies, scale factors 

were applied in the normal coordinate analysis and the 

subsequent least square fit refinement algorithm resulted into a 

very close agreement between the observed fundamentals and 

the scaled frequencies. Refinement of the scaling factors applied 

in this study achieved a weighted mean deviation of 7.42 cm
-1

 

between the experimental and scaled frequencies of the title 

compound.  

C−C vibrations  

The ring carbon-carbon stretching vibrations occur in the 

region 1680-1430 cm
-1

. In the present work, the frequencies 

observed in the FT-IR spectrum at 1657, 1654, 1653, 1476, 1467 

and 1449 cm
-1

 have been assigned to C−C stretching vibrations. 

The corresponding vibrations appear in the FT-Raman spectrum 

at 1670, 1669, 1667, 1516, 1515, 1511, 1385 and 1381 cm
-1

. The 

in plane deformation vibration is at higher frequencies than the 

out-of-plane vibrations [7].  

C-O vibrations 

In general the characteristic C-O stretching vibrations are 

found in the region 1400-1000 cm
-1

 depending on the ring size. 

The C-O frequencies increase with ring strain. The 4C35X 

shows bands at 1385, 1384, 1381, 1380, 1217, 1213 and 1209 

cm
- 1

 respectively. The increase in frequency has established 

strain on the ring and the intensity of the carbonial band is 

essentially the same in all compounds [8,9]. The stretching 

vibrations of single bonded carbon and oxygen atoms have been 

noticed at 1069, 1066 and 1065 cm
-1

.  

O–H group vibrations  
The O-H stretching vibrations are normally observed at 

about 3800-3400 cm
-1

. The O-H in-plane bending vibration is 

observed in the region 1440–1100 cm
-1

 [10]. The FTIR band 

appeared at 3759, 3757 and 3755 cm
-1

 was assigned to O-H 

stretching modes of vibrations. The in-plane and out-of-plane 

bending vibrations of hydroxy groups have been identified at 

1289, 1287, 1282 and 1240, 1236, 1233 cm
-1

 for 4C35X, 

respectively.  

C-H vibrations  

The aromatic structure shows the presence of C–H 

stretching vibrations in the region 3300-3100 cm
-1

 which is the 

characteristic region for the ready identification of such C–H 

stretching vibrations [11,12]. Accordingly, in the present study, 

the C-H vibrations are observed at 3215, 3216 and 3213 cm
-1

 in 

the FT-Raman spectrum and at 3172, 3169 and 3168 cm
-1

 in the 

FT-IR for 4C35X. The C-H in-plane and out-of-plane bending 

vibrations have also been identified and presented in Table 5.  

Ring vibrations 
Several ring modes are affected by the substitution to the 

aromatic ring of 4C35X. In the present study, the bands ascribed 

at 1385, 1384, 1381, 1380, 1075, 1073, 1071, 1069, 1066, 1065, 

849, 848, 846 and 841 cm
−1

 for 4C35X have been designated to 

ring in-plane and out-of-plane bending modes, respectively, by 

careful consideration of their quantitative descriptions. A small 

change in frequency observed for these modes are due to the 

changes in force constant/reduced mass ratio. 

C–Cl vibration 

The C-Cl stretching gives generally strong bands in the 

800–505 cm
−1

 region [13]. The sharp FT-IR and FT-Raman 

bands at 646, 642, 640 cm
−1

 and 570, 569, 566 cm
−1

 respectively 

observed in the spectrum of the title compound are assigned to 

C-Cl stretching vibration. 

Methyl group vibrations 

The 4C35X compound, under consideration possesses only 

one CH3 group in third position of the ring, respectively. For the 

assignments of CH3 group frequencies, one can expect that nine 

fundamentals can be associated to each CH3 group, namely the 

symmetrical (CH3 ips) and asymmetrical (CH3 ops), in plane 

stretching modes (i.e. in-plane hydrogen stretching mode); the 

symmetrical (CH3 ss), and asymmetrical (CH3 ips), deformation 

modes; the in-plane rocking (CH3 ipr) out-of-plane rocking (CH3 

opr) and twisting (t CH3) bending modes. In addition to that, the 

asymmetric stretching (CH3 ops) and asymmetric deformation 

(CH3 opb) modes of the CH3 group are expected to be 

depolarised for A’’ symmetry species. The FT-IR and Raman 

bands at 3155, 3152, 3141, 3140, 3137, 3122, 3120, 3118, 3106 

and 3063 cm
−1

 represent symmetric and asymmetric CH3 

stretching vibrations of the methyl group in 4C35X. The 

fundamental vibrations arising from symmetric, asymmetric in-

plane and out-of-plane deformations, rocking and twisting 

modes of CH3 group 4C35X are observed in their respective 

characteristic regions and they are listed in Table 5 respectively. 

Mulliken charges and Dipole moment 

Dipole moment reflects the molecular charge distribution 

and is given as a vector in three dimensions. Therefore, it can be 

used as descriptor to depict the charge movement across the 

molecule. Direction of the dipole moment vector in a molecule 

depends on the centers 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.   

Mulliken atomic charge calculation has an important role in 

the application of quantum chemical calculations to molecular 

system because of atomic charges affect dipole moment, 

molecular polarizability, electronic structure and more a lot of 

properties of molecular systems. The charge distributions 

calculated by the Mulliken [14] and NBO methods for the 

equilibrium geometry of 4C35X are listed in Table 6.  

First-order hyperpolarizability calculations 

In the presence of an applied electric field, first-order 

hyperpolarizability is a third rank tensor that can be described by 

a 3×3×3 matrix. The components of the 3D matrix can be 
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reduced to 10 components because of the Kleinman symmetry 

[15]. The matrix can be given in the lower tetrahedral format. It 

is obvious that the lower part of the 3×3×3 matrix is a 

tetrahedral. The calculation of NLO properties with high 

accuracy is challenging and requires consideration of many 

different issues. Computational techniques are becoming 

valuable in designing, modeling and screening novel NLO 

materials. The calculated first-order hyperpolarizability (total) of 

4C35X is 34.726x10
-30 

esu, which is greater than that of urea 

(0.1947 x 10
-30

 esu). The calculated values of dipole moment 

and hyperpolarizability values are tabulated in Table 7. The yzz 

direction shows biggest value of hyperpolarizability which 

insists that the delocalization of electron cloud is more on that 

direction than other directions. 

Electronic excitation energies, oscillator strength and nature 

of the respective excited states were calculated by the closed-

shell singlet calculation method and are summarized in Table 8. 

Fig 4 shows the highest occupied molecule orbital (HOMO) and 

lowest unoccupied molecule orbital (LUMO) of 4C35X. Orbital 

involved in the electronic transition for (a) HOMO−0 (b) 

LUMO+0 (c) HOMO-1 (d) LUMO+1 (e) LUMO+2  is 

represented in Fig 5. The NLO responses can be understood by 

examining the energetic of frontier molecular orbitals. There is 

an inverse relationship between hyperpolarizability and HOMO–

LUMO. 

HOMO energy = -0.003 a.u 

LUMO energy = 0.005 a.u 

HOMO–LUMO energy gap = 0.008 a.u 

 
Fig 1. The optimized molecular structure of 4C35X 

 
Fig 2. FT-IR spectra of 4C35X 

(a)Calculated (b) Observed with B3LYP/6-311+G** 

 
Fig 3. FT-Raman spectra of 4C35X 

(a) Calculated (b) Observed with B3LYP/6-311+G** 

 
Fig 4. Representation of the orbital involved in the electronic 

transition for (a) HOMO (b) LUMO (c) Virtual 

 
Fig 5. Representation of the orbital involved in the electronic 

transition for (a) HOMO−0 (b) LUMO+0 (c) HOMO-1 (d) 

LUMO+1 (e) LUMO+2
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Table 1. Total energies of 4C35X, calculated at DFT B3LYP/6-31G* and B3LYP/6-311+G** level 

Method Energies (Hartrees) 

6-31G* -845.57925312 

6-311+G** -845.69712145 

 
Table 2. Optimized geometrical parameters of 4C35X obtained by B3LYP/6–311+G** density functional calculations 

Bond length Value(Å) Bond angle Value(Å) Dihedral angle Value(Å) 

C2-C1 1.38599 C3-C2-C1 120.00023 C4-C3-C2-C1 0.00000 

C3-C2 1.38600 C4-C3-C2 120.00023 C5-C4-C3-C2 0.00000 

C4-C3 1.38599 C5-C4-C3 119.99953 C6-C1-C2-C3 0.00000 

C5-C4 1.38599 C6-C1-C2 119.99953 O7-C1-C2-C3 -179.42757 

C6-C1 1.38599 O7-C1-C2 119.99899 H8-C2-C1-C6 -179.42216 

O7-C1 1.41005 H8-C2-C1 119.99900 H9-C3-C2-C1 -179.42435 

H8-C2 1.12206 H9-C3-C2 119.99513 Cl10-C4-C3-C2 -179.42484 

H9-C3 1.54002 Cl10-C4-C3 119.99898 C11-C5-C4-C3 -179.42429 

Cl10-C4 1.75996 C11-C5-C4 120.00026 H12-C6-C1-C2 179.42213 

C11-C5 1.53994 H12-C6-C1 119.99645 H13-O7-C1-C2 120.00084 

H12-C6 1.12197 H13-O7-C1 109.49800 H14-C9-C3-C2 -120.00491 

H13-O7 0.99198 H14-C9-C3 109.49663 H15-C9-C3-C2 119.93397 

H14-C9 1.12203 H15-C9-C3 109.49928 H16-C9-C3-C2 0.06656 

H15-C9 1.12197 H16-C9-C3 109.50731 H17-C11-C5-C4 -119.99898 

H16-C9 1.12193 H17-C11-C5 109.50278 H18-C11-C5-C4 119.92899 

H17-C11 1.12201 H18-C11-C5 109.50850 H19-C11-C5-C4 0.06648 

H18-C11 1.12198 H19-C11-C5 109.49962   

H19-C11 1.12203     

*for numbering of atom refer Fig 1 

 

Table 3. Definition of internal coordinates of 4C35X 

No(i) symbol Type Definition 

Stretching 1-6 ri C-C C1-C2,C2-C3,C3-C4,C4-C5,C5-C6,C6-C1 

7-8 Si C-H C2-H8,C6-H12 

9 pi C-Cl C4-Cl10 

10 δi C-O C1-O7 

11 i O-H O7-H13 

12-13 Pi C-C(m) C3-C9,C5-C11 

14-16 ni C-H(m) C9-H14,C9-H15,C9-H16 

17-19 Ni C-H(m) C11-H17,C11-H18,C11-H19 

Bending 20-25 i C-C-C C1-C2-C3,C2-C3-C4,C3-C4-C5, C4-C5-C6,C5-C6-C1,C6-C1-C2 

26-29 i C-C-H C3-C2-H8, C1-C2-H8,C1-C6-H12, C5-C6-H12 

30-31 i C-C-Cl C3-C4-Cl10, C5-C4-Cl10 

32-33 Xi C-C-O C2-C1-O7, C6-C1-O7 

34 wi C-O-H C1-O7-H13 

35-38 Фi C-C-C C4-C3-C9, C2-C3-C9,C4-C5-C1, C6-C5-C11 

39-41 µi H-C-H H14-C9-H15,H15-C9-H16, H16-C9-H14 

42-44 νi C-C-H C3-C9-H14,C3-C9-H15, C3-C9-H16 

45-47 i H-C-H H17-C11-H18, H18-C11-H19, H19-C11-H17 

48-50 i C-C-H C5-C11-H17,C5-C11-H18,C5-C11-H19 

Out-of-plane 51-52 i C-H H8-C2-C1-C3, H12-C6-C1-C5 

53 ξi C-Cl Cl10-C4-C3-C5 

54 &i C-O O7-C1-C2-C6 

55-56 i C-C C9-C3-C4-C2, C11-C5-C4-C6 

Torsion 57-62 i C-C C1-C2-C3-C4,C2-C3-C4-C5,C3-C4-C5-C6,C4-C5-C6-C1, C5-C6-C1-C2,C6-C1-C2,C3 

63 i O-H H13-O7-C1-C2(C6) 

64 i C-H C2-C3-C9-(H14,H15,H16) 

65 i C-H C6-C5-C11-(H17,H18,H19) 
*
for numbering of atom refer Fig 1 
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Table 4. Definition of local symmetry coordinates and the value corresponding scale factors used to correct the force fields 

for 4C35X 

No.(i) Symbola Definitionb Scale factors used in calculation 

1-6 C-C r1,r2,r3,r4,r5,r6 0.914 

7-8 C-H S7,S8 0.914 

9 C-Cl p9 0.992 

10 C-O δ10 0.992 

11 O-H  0.992 

12-13 C-Cm P12,P13 0.992 

14 mss1 (n14+n15+n16)/ 3 0.995 

15 mips1 (2n15-n14-n16)/ 6 0.992 

16 mops1 (n15-n16)/ 2 0.919 

17 mss2 (N17+N18+N19)/ 3 0.919 

18 mips2 (2N18-N17-N19)/ 6 0.919 

19 mops2 (N18-N19)/ 2 0.919 

20 C-C-C (20-21+22-23+24-25)/ 6 0.992 

21 C-C-C (220-21-22+223-24-25)/ 12 0.992 

22 C-C-C (21-22+24-25)/2 0.992 

23-24 C-C-H (26-27)/2,(28-29)/2 0.916 

25 C-C-Cl (30-31)/2 0.923 

26 C-C-O (X32-X33)/2 0.923 

27 C-O-H w34 0.922 

28-29 C-C-C (Ф35- Ф36)/2, (Ф37- Ф38)/2  0.923 

30 msb1 (µ39+µ40+µ41-ν42-ν43-ν44)/ 6 0.990 

31 mipb1 (2µ41-µ39-µ40)/ 6 0.990 

32 mopb1 (µ39-µ41)/ 2 0.990 

33 mipr1 (2ν43-ν42-ν44)/ 6 0.990 

34 mopr1 (ν42-ν44)/ 2 0.990 

35 msb2 (45+46+47-48-49-50)/ 6 0.990 

36 mipb2 (247-45-46)/ 6 0.990 

37 mopb2 (45-47)/ 2 0.990 

38 mipr2 (249-48-50)/ 6 0.990 

39 mopr2 (48-50)/ 2 0.990 

40-41 C-H 51, 52 0.994 

42 C-Cl ξ53 0.962 

43 C-O &54 0.962 

44-45 C-C 55, 56 0.962 

46 tring (57-58+59-60+61-62)/6 0.994 

47 tring (57-59+60-62)/2 0.994 

48 tring (-57+258-59-60+261-62)/12 0.994 

49 C-H 63/2 0.979 

50 O-H 64/3 0.979 

51 C-H 65/3 0.979 

These symbols are used for description of the normal modes by TED in Table 5. 

The internal coordinates used here are defined in Table 3. 
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Table 5. Detailed assignments of fundamental vibrations of 4C35X by normal mode analysis based on SQM force field 

calculation 

S. 

No. 

Symmetry 

species 

Cs 

Observed 

frequency (cm-1) 

Calculated  frequency (cm-1) with 

B3LYP/6-311+G** force field TED (%) among type of internal coordinatesc 

 
Infrared Raman Unscaled Scaled 

IRa 

Ai
 

Ramanb 

Ii 

1 A' 3759  3757 3755 44.070 125.311 OH(100) 

2 A'  3215 3216 3213 19.440 62.544 CH(99) 

3 A' 3172  3169 3168 16.882 77.405   CH(99) 

4 A'  3155 3152 3148 5.746 115.083 mops1(73),mips1(24) 

5 A' 3141  3140 3137 16.812 126.216 mips2(97) 

6 A'  3122 3120 3118 21.895 164.248 mips1(74),mops1(25) 

7 A' 3106  3108 3104 15.876 70.725 mops2(100) 

8 A'  3063 3062 3059 13.095 70.207   mss1(77),mss2(21) 

9 A' 3058  3059 3056 11.940 72.444   mss2(78),mss1(20) 

10 A'  1670 1669 1667 37.708 16.185   CC(61),bCH(13),bring(10) 

11 A' 1657  1654 1653 62.554 16.609   CC(66),bring(10),bCH(8) 

12 A'   1562 1559 33.687 10.430   bmopb1(38),bmipb2(19),bmopb2(15),bmipb1(13),CC(5) 

13 A'  1545 1542 1540 38.230 8.303 bmipb2(46),bmopb2(35),bmopb1(8) 

14 A'   1525 1520 5.543   22.383    bmipb1(71),bmopb1(24) 

15 A' 1523  1522 1518 9.631    14.888   bmopb2(60),bmipb1(26),bmopb1(9) 

16 A'  1516 1515 1511 9.844 3.020   bmopb1(40),CC(14),bmipb1(13),bCH(8),bmipb2(7),bCOH(5) 

17 A' 1476  1475 1472 58.936    2.528    bmipb2(29),bmopb2(21),CC(18),bmopb1(13) 

18 A' 1467  1466 1462 2.076   22.472    bmsb2(52),bmsb1(31),CCm(9) 

19 A' 1449  1452 1448 0.417    20.656   bmsb1(53),bmsb2(32),CCm(6) 

20 A' 1384 1381 1385 1380 51.690    10.706   CO(29),CC(25),CCm(24),bring(17) 

21 A'   1362 1358 24.129   2.339   CC(75),bCOH(7) 

22 A' 1289  1287 1282 46.021 0.214 bCH(47),CC(20),CCm(9),bCOH(7) 

23 A'  1240 1236 1233 38.780   8.112    bCOH(41),CC(25),bCH(23),CCm(7) 

24 A' 1217  1213 1209 147.541   1.461    bCH(39),CO(19),CC(15),bCOH(15),CCm(8) 

25 A''  1078 1076 1074 0.013 0.801    gCC(35),bmopr2(21),bmopr1(12),bmipb1(11), bmipr1(8) 

26 A'' 1075  1073 1071 2.177    1.440    gCC(46),bmipr1(16), bmopr2(9),tring(9),bmopr1(6) 

27 A'   1071 1070 4.370    1.174    bmipr2(25),bmopr1(18),CCm(13),CC(12),bmipb2(7),bmipr1(6) 

28 A'  1065 1069 1066 5.729    1.742    bring(16),bmipr2(14),CC(13),CO(11),CCm(11),CCl(7) 

29 A' 1061  1060 1056 46.509    6.272    bring(33),CC(20),CCl(18),bmopr1(9),bmipr2(9) 

30 A''   1003 999 0.056   8.183    gCC(29),bring(16),bmipr2(14),CO(10),bmopr1(9),CCm(6) 

31 A'  985 982 979 5.258 0.084 CCm(46),CC(16),bring(12),bmipr2(5),bmopr1(5) 

32 A''   885 881 14.674    2.308    gCH(75),tring(14),gCO(7) 

33 A'' 849 848 846 841 17.797   2.798    gCH(76),tring(14),gCO(7) 

34 A''   713 709 0.359   0.382    tring(59),gCC(17),gCCl(14),gCO(8) 

35 A'' 640 644 646 642 27.587    0.632    gCCl(41), bring(38),CO(9),CC(6) 

36 A''   607 604 0.071   0.199    gCO(38),tring(33),gCCl(14),gCC(12) 

37 A' 592  590 586 0.005    21.987    CCm(36),CC(32),bring(21),CO(6) 

38 A' 571 570 569 566 3.716    6.692   bCCl(20),bCCO(20),bCC1(16),bCC2(15),bring(14) 

39 A''   531 527 0.667    0.008    gCC(52),tring(41) 

40 A'  518 520 517 4.833 1.262 bring(54),bCCO(14),bCC1(10),bCC2(10),CCm(6) 

41 A'  396 393 390 0.666    7.486    bring(38),CCl(33),bCC2(8),CC(7),bCC1(7) 

42 A''   362 357 117.268    3.423    tOH(91) 

43 A''  346 342 337 0.078 0.768    gCCl(53),tring(27),gCC(8) 

44 A'   318 313 4.943    0.223    bCCO(48),bCC1(15),bCC2(14),CC(11) 

45 A'  295 293 288 2.426    0.440    bCC2(37),bCC1(36),bring(11),CC(6),CCl(5) 

46 A'   254 252 0.857    0.512 bCCl(80),bCC1(6),bCC2(6) 

47 A''  237 239 235 1.986    3.765   tring(63),gCH(17),gCC(13) 

48 A''   194 190 2.196    0.109       gCC(33),tring(21),gCH(18),gCCl(15),gCO(10) 

49 A''  158 157 154 1.101 0.153 tm1(58),tm2(22),gCC(10) 

50 A''   155 152 0.038    0.112    tm2(62),tm1(23),gCC(6) 

51 A''   105 102 0.518    0.025    tring(88) 

Abbreviations used: b, bending; g, wagging; t, torsion; s, strong; vs, very strong; w, weak; vw, very weak; 
a  

Relative absorption intensities normalized with highest peak absorption 
b 
Relative Raman intensities calculated by Eq 1 and normalized to 100. 

c 
For the notations used see Table 4.
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Conclusions 

In the present work, the molecular parameters and 

frequency assignments for the compound 4C35X were 

calculated and FT-IR and FT-Raman spectra were recorded. The 

harmonic frequencies for the title compounds were determined 

and analyzed at DFT level of theory utilizing B3LYP/6-

311+G** basis set. The assignments of most of the 

fundamentals of the title compound provided in this work are 

quite comparable. The excellent agreement of the calculated and 

observed vibrational spectra reveals the advantages of quantum 

chemical calculations. The various modes of vibrations were 

unambiguously assigned on the basis of the result of the PED 

output obtained from normal coordinate analysis. The obtained 

data and simulations both show the way to the characterization 

of the molecule and help for spectra studies in the future.  The 

first-order hyperpolarizibility (ijk) of the novel molecular 

system of 4C35X is calculated using B3LYP/6-311+G** basis 

set based on finite field approach. The first-order 

hyperpolarizability (total) of 4C35X was calculated and found to 

be 34.726x10
-30 

esu, which is greater than that of urea 

(0.1947x10
-30 

esu). The yzz direction shows biggest value of 

hyperpolarizability which insists that the delocalization of 

electron cloud is more on that direction than other directions. 

Electronic excitation energies, oscillator strength and nature of 

the respective excited states were calculated by the closed-shell 

singlet calculation method. The NLO responses can be 

understood by examining the energetic of frontier molecular 

orbitals. There is an inverse relationship between 

hyperpolarizability and HOMO–LUMO. 
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