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Abstract: - In this study, the theoretical spectroscopic and some electronic properties of MMP and FMP 

compounds were investigated and the obtained theoretical results were compared with some experimental values. 

For this purpose, firstly, MMP and FMP compounds were optimized by DFT method using the B3LYP functional 

and the 6-311G++(d,p) basis set. With the help of the optimized structure obtained, the chemical shift values of 

H-NMR and 13C-NMR were calculated in the gas phase by the Gaussian G09 (Linux) and Gauss View 5.0 

programs according to the GIAO method. According to the results obtained, it was seen that the theoretical values 

were compatible with the experimental values. In the theoretical part of the study, the IR frequency values of the 

studied compounds were calculated using the same method and basis set, and vibration frequencies were marked. 

Finally, the nonlinear optical properties of the compounds of interest; Polarizability and hyperpolarizability 

values were calculated by making polar calculations in the single point energy calculation. As a result of the 

calculations, the energy band gaps between the HOMO and LUMO orbitals of MMP and FMP are 1.34 eV and 

3.64 eV.  First static hyperpolarizability of MMP and FMP were found as 29273.7 x10-33 and 26500.5 x10-33 esu, 

repectively. 
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1 Introduction 
 

Schiff bases (Figure 1.1), first synthesized by the 

Nobel Prize-winning German chemist Hugo 

Schiff in 1864, are compounds containing 

carbon nitrogen double bonds (-CH=N) and 

obtained as a result of the nucleophilic addition 

reaction of aldehydes or ketones with amines [1]. 

The bond formed as a result of the reaction with 

aldehyde is known as azomethine or aldimine. 

The bond formed as a result of its reaction with 

ketone is called imine or ketimine. Schiff bases 

(imines) have become one of the compounds of 

interest because they are stable and easily 

synthesized. This interest in imines can be 

explained by their use in many biological 

systems [2], chemical catalysis [3], medicine and 

pharmacy [4], chemical analysis, and new 

technologies [5,6]. 

 
Figure 1. General representation of Schiff bases 

(R1, R2, R3 = aryl or alkyl) 

 

The importance of coordination compounds in 

both biological systems and industry is 

increasing day by day. Schiff bases are among 

the ligands widely used in coordination 
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chemistry due to their structural and biological 

properties. Its use as a ligand was first described 

by Pfeiffer et al. [7], Metal complexes of Schiff 

bases reported by Schiff are studied with interest 

[8]. 

 

With the theoretical calculation methods used 

today, many properties of molecules do not 

require experimental analysis, can be examined. 

In some studies, more sensitive and reliable 

results can be obtained than the experimental 

method. There is no method that can give a lot of 

information such as molecular structure, 

formation temperature, dipole moment, 

ionization potential, electron charges, electron 

densities, bond lengths with a single experiment. 

Considering the reliability of the results in the 

calculation of such data with the experimental 

method, it can be seen how reliable the results of 

many calculation methods, which are becoming 

common, are compared to the experimental 

results. 

In this study, the structure of two Schiff bases 

was tried to be elucidated theoretically by using 

spectroscopic methods such as FT-IR, 1H-NMR 

and 13C-NMR. The NMR study was performed 

using the GIAO method in DMSO solution. 

After these studies, the HOMO-LUMO 

molecular orbital energies, nonlinear optical 

properties and potential energy surfaces of these 

Schiff base compounds were calculated using the 

DFT/B3LYP method and the 6-311++G(d,p) 

basis set. 

 

2 Materials and Methods 

First of all, the structure of 2-((2,4-

Dimethylphenylimino)methyl)-6-methoxy-4-

nitrophenol (MPM) and 2-((3,4-

Difluorophenylimino)methyl)-6-methoxy-4-

nitrophenol (FPM)  compounds synthesized by 

Joshi et al. [9] for the first time we will optimize 

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

level and lowest energy stable structures will be 

obtained. Then, the vibration frequencies of 

these compounds, 1H and 13C NMR calculations 

will be made with the same basis set in the 

DMSO phase and compared with the 

experimental data. Finally, HOMO and LUMO 

molecular orbital energies, nonlinear optical 

properties (NLO) and molecular electrostatic 

potential (MESP) maps will be examined at the 

DFT/B3LYP/6-311++G (d, p) theory level. The 

theoretical results obtained from the calculations 

will be interpreted by comparing them with the 

existing experimental values. All calculations 

will be performed with Gaussian 09 [10] and 

Gauss View 5.0 package programs. 

3 Results and Discussion 
3.1 Geometrical Optimization of compounds 

 

The three-dimensional approximate geometry of 

the 2-((2,4-Dimethylphenylimino) methyl)-6-

methoxy-4-nitrophenol (MPM)  and 2-((3,4-

Difluorophenylimino) methyl)-6-methoxy-4-

nitrophenol (FPM) compounds were drawn in 

the GaussView 5.0 program [11]. Geometry 

optimizations of 2-((2,4-Dimethylphenylimino) 

methyl)-6-methoxy-4-nitrophenol (MPM)  and 

2-((3,4-Difluorophenylimino)methyl)-6-

methoxy-4-nitrophenol (FPM) were achieved by 

selecting 6-311G ++ (d, p) base set in the 

"Gaussian 09" program, using density functional 

theory (DFT) method.  

As a result of the calculations, the ground state 

energies of 2-((2,4-Dimethylphenylimino) 

methyl)-6-methoxy-4-nitrophenol (MPM)  and 

2-((3,4-Difluorophenylimino) methyl)-6-

methoxy-4-nitrophenol (FPM) were found as -

1029.74 a.u and -1149.79 a.u, respectively. By 

using the optimized structures, the bond lengths 

and bond angles of the molecules were 

calculated theoretically. Stable structures of 

MPM and FPM are shown in Figure 4.1 and 

Figure 4.2. X-ray crystal data of the MPM and 

FPM molecules could not be found in the 

literature. In the literature, all C-H bond lengths 

in the benzene ring have been measured as 

approximately 1.084 Å, and C-C bond lengths as 

1.397 Å . In this study, the aromatik C-H values 

of MPM compound were calculated as 1.084, 

1.085 and 1.086Å for C3-H7, C4-H8 and C6-H9, 

respectively. Also, the avarege values of 

aromatic C-C bond lengths for MPM compound 

were calculated as 1.398Å.  
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In addition, one of the most important bonds in 

the studied molecules is the imine bond(C=N). 

The experimental values of the C=N bond 

lengths (1E,2E)-phenyl-[(1-phenylethyl) imino]-

ethanal oxime were measured as 1,280 Å and 

1,275 Å, respectively [12]. Theoretical values 

were calculated as 1,280 Å and 1,276 Å, 

respectively [12].  

In this study, the C=N imine bond for MMP and 

FMP compounds was calculated as 1.287Å and 

1.275 Å, respectively. These results are in good 

agreement with previous experimental and 

theoretical data. C-N bond length of 2- (2- (3-

Nitrofenil) hidrazono) -5,5- dimetilsikloheksan -

1, 3- dion compound was measured 1.411 Å and 

calculated as 1.405 Å [13]. 

 
  (MPM)   

  (FMP) 

Figure 3.1 Optimized structures of MPM and 

FMP compounds 

 

3.2 Vibrational Assignment of MPM and 

FMP compounds 

 

The vibration spectrum (IR) of 2-((2,4-

Dimethylphenylimino) methyl)-6-methoxy-4-

nitrophenol (MPM) and 2-((3,4-

Difluorophenylimino) methyl)-6-methoxy-4-

nitrophenol (FPM) molecules have been 

experimentally investigated in the middle IR 

region of 4000-500 cm-1 before [9]. However, it 

is known that there are no theoretical results for 

these molecules in the literature. In this study, 

calculations were made using the 

DFT/B3LYP/6-311++G(d,p) method 

theoretically in the same region to compare with 

the experimental results. These calculations are 

important for understanding the vibration 

spectrum and molecular parameters.  

When the obtained results (theoretical and 

experimental) were compared, it was observed 

that they were in agreement with the results in 

the literature. It was observed that there were 

very small differences between the experimental 

results and the theoretical results. The reason for 

this can be explained as follows: the 

experimentally obtained IR spectra of molecules 

are the spectrum of all IR interactions that the 

spectrometer can see when the sample is in solid 

or liquid state. But theoretical wave numbers are 

the values obtained by using fundamental sets 

made with a purely quantum mechanical 

approach. Due to the limitations of these sets, 

there are differences between the experimental 

results and the theoretical results. 

The OH stretching vibration is generally 

observed in the range of 3600 to 3400 cm-1. 

Also, this band appears as a very broad band in 

the FT-IR spectrum. OH vibration bands show 

intramolecular and intermolecular hydrogen 

bonding [14]. Joshi et al. [9] observed the IR 

spectra of MPM and FPM ligands as a wide band 

in the range of 3420-3460 cm-1 due to stretching 

vibrations of the phenolic hydroxyl group [9]. In 

this study, OH stretching vibrations were 

observed at 3449 and 3442 cm-1 and calculated 

at 3455 and 3727 cm-1.  

The CH stretching vibration is expected in the 

3000–3200 cm−1 range [15]. Two bands of 

moderate intensity observed at 3049–3060 and 

2985–3005 cm-1 are due to aromatic and 

aliphatic 𝜐(C–H), respectively [9]. These 
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vibrations calculated at 3044-3027 cm-1 and 

3202-3188cm-1 for MPM and FPM compounds.   

The vibration frequencies of the azomethine 

group(C=N) were experimentally observed at 

1614 cm-1. This stretching vibration was 

calculated as 1671, 1636 and 1624 cm-1 for the 

MMP compound and as 1694 and 1638 cm-1 for 

the FPM compound.

Table 3.1 Vibrational assignment of 2-((2,4-Dimethylphenylimino) methyl)-6-methoxy-4-nitrophenol 

(MPM) compound using B3LYP/6-311++G (d, p) level of theory

 

Mode Exp. [9] Intensity  Calculation Assignment 

108 3449 10.61 3455 ν(O24H25) 

107  8.06 3324 ν(C22H31) 

106 3105 14.51 3322.77 νS (C27H3) 

105  10.69 3318.10 νas (C35H3) 

104  14.19 3315.09 νas (C10H3) 

103  15.01 3309.77 νas (C35H3) 

101  18.96 3304.29 νas (C27H3) 

100  10.60 3303.10 ν (C15H16) 

99  18.24 3222.47 νs (C35H3) 

98  34.17 3220.37 νs (C10H3) 

97  29.43 3218.70 νs (C27H3) 

96 3003 11.47 3044.61 νs (CH)ring1 

95 2900 15.57 3033.39 νs (C2H) 

94  11.62 3029 ν (C20H)  

93  10.37 3027.01 νas (CH)ring1 

92  84.52 1785.24 ν (CC)ring2 

91  60.30 1671.26 ν (C=N) + ν (CC)ring2+ β (C20H) 

90  5.43 1636.28 ν (C=N) + ν (CC)ring1+ β (CCH)ring1 

89 1614 0.53 1624.13 ν (C=N) + ν (CC)ring1+ β (CCH)ring1 

88  54.03 1580.62 ν (CC)ring2+ β (CCH)ring2 + β (C27H3) 

87 1549 4.44 1570.07 ν (CC)ring2+ β (CCH)ring2 + β (C27H3)  

86  30.84 1531.27 β (C27H3) 

85 1483 28.93 1515.48 ν (CC)ring1+ β (CCH)ring1 

84  13.61 1477.68 β (C27H3) 

83  18.81 1473.80 ν (CC)ring1+ β (CCH)ring1 + β (C10H3) 

82  2.82 1461.48 β (C10H3) + β (C35H3) 

81  10.72 1456.98 β (C10H3) 

80  4.15 1451.79 β (C35H3) 

79  9.84 1445.81 γ(C27H3) 

78  0.70 1424.35 ν (CC)ring1+ β (CCH)ring1 + β (C10H3) + β (C35H3) 

77  11.96 1398.25 ν (CC)ring2+ β (CCH)ring2 + β (C18OH) 

76  0.78 1338.40 ν (CC)ring1+ γ(C10H3) + γ(C35H3) 

75 1330 3.02 1334.11 γ(C35H3) 

74  1.78 1327.33 γ(C10H3) 

73  9.61 1309.37 ν (CC)ring1+ β (CCH)ring1 

72  25.31 1305.91 ν (CC)ring2+ β (CCH)ring2 

71 1280 51.27 1260.94 ν (C23O)+ν (CC)ring2+ β (CCH)ring2 + β (C18OH) 

70  35.82 1230.79 β (C15H) 

69  2.41 1226.23 ν (C3C10)+ν (CC)ring1+ β (CCH)ring1+ β (N14CH) 
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68 1209 152.23 1188.83 ν (CC)ring2+ β (CCH)ring2+ β (C18OH) + γ(C27H3) 

67  28.26 1177.73 ν (C1C35)+ν (C6N) +ν (CC)ring1+ β (CCH)ring1 

66  4.19 1172.42 ν (C1C35)+ν (C6N) +ν (CC)ring1+ β (CCH)ring1 

65  38.20 1163.18 γ(C27H3) + β (C18OH) 

64  9.11 1129.28 γ(C27H3) 

Table 3.1 (Continued) 

63  12.11 1121.27 ν (CC)ring2+ β (CCH)ring2+ β (C18OH) + γ(C27H3) 

62 1101 120.74 1097.73 ν (C6N)+ν (C18O)+ β (CCC)ring1+ β (CCC)ring2 

61  18.66 1093.19 ν (C6N)+ν (C18O)+ β (CCC)ring1+ β (CCC)ring2 

60  164.93 1053.05 ν (C27O) 

59  7.75 1019.27 γ(C35H3)+ γ(C10H3) 

58  0.94 1014.36 γ(C35H3) + γ(C10H3) + γ(CH)ring1 

57  6.73 995.14 γ(C35H3) + γ(C10H3) + γ(CH)ring1 

55  7.43 947.29 γ(C35H3) + γ(C10H3) 

54  201.52 986.24 ν (C17C15)+ ν (C19N)+ β (CCC)ring2 

53  3.21 940.09 γ(C35H3) + γ(C10H3) 

52  51.87 933.93 ν (C19N)+ β (C17C15N) +γ(C22H)  

51  1.16 919.62 γ(CH)ring1 

50  4.73 912.88 ν (C1C35) + ν (C3C10) +  β (CCC)ring1 

49  4.77 897.64 ν (C15N) + γ(C22H) 

48 886 44.25 877.32 ν (C15N) + γ(CH)ring1 

47  77.08 858.51 ν (C23O) + ν (C18O) +  ν (N32O) + β (CCC)ring2 

46  98.52 838.62 νas (NO2) + γ(C15H) 

45  16.93 834.80 ν (C15N) + γ(C15H)+ τ(CCCH)ring1+ τ(CCCC)ring2 

44  6.48 813.25 ν (C15N) + γ(CH)ring1 

43 819 126.37 804.72 νas (NO2) + ν (C5N) + β (CCC)ring1+ β (CCC)ring2 

42 751 134.89 748.90 νs (NO2) + ν (C18O) + β (CCC)ring1 

41  7.03 731.32 τ(CCCH)ring1+ τ(CCCC)ring1+ τ(CCCH)ring2+ 

τ(CCCC)ring2 + τ(CCCO)ring2 

40  7.06 726.87 ν (C1C35) + β (CCC)ring1+ β (CCC)ring2+ β (NO2) 

39  8.71 717.22 β (NO2)+ τ(CCCH)ring + τ(CCCC)ring 

38  1.44 706.33 ν (C6N) + τ(CCCH)ring + τ(CCCC)ring + τ(CCCO)ring 

37  16.36 650.03 τ(N32CCH)+ τ(CC-NO2)+ τ(N32CCC) 

36  31.74 629.17 β (CCC)ring2+ β (CCO24)+ τ(CCCN14) 

35  5.01 610.39 β (CCO24) + τ(CCCN14) 

34  5.88 578.16 τ(CCCH)ring + τ(CCCC)ring + τ(CCCO)ring 

33  19.54 565.82 τ(CCCH)ring2+ τ(CCCC)ring2 + τ(CCCO)ring2+ τ(N32CCC) 

+ τ(N32CCH) 

32  9.56 546.22 β (CCC)ring1 

 

Table 3.2 Vibrational assignment of 2-((3,4-Difluorophenylimino) methyl)-6- methoxy-4-nitrophenol 

(FPM) compound using B3LYP/6-311++G (d, p) level of theory 

Mode Exp.[9] Calculation Intensity Assignment 

90 3442 3727 175.89 ν(O23H25) 

89  3238 10.66 ν(C19H) 

87  3210 1.11 ν (C3H) 

86 3049 3202 1.14 νs (CH)ring 

85 2985 3188 4.13 νas (CH)ring 

84  3150 12.64 νas (C26H3) 

83  3090 22.45 νas (C26H3) 

82  3023 42.45 νs (C26H3) 
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81  2998 32.99 ν (C11H) 

80 1614 1694 91.90 ν (C=N) 

79  1655 49.76 ν (CC)ring + νas (NO2)+ ν (C11C13)+ β (C14OH) 

78  1638 71.43 ν (CC)ring + ν (C=N) + β (CCH)ring1,2 

77  1626 68.50 ν (CC)ring1 

76  1618 3.75 ν (CC)ring2 + β (CCH)ring2 

75 1498 1576 251.10 νas (NO2) + β (C14OH) 

74  1534 322.50 ν (CC)ring1 + β (CCH)ring1 

73  1513 108.93 ν (CC)ring2+ β (C26H3) 

72  1502 148.40 β (C26H3) 

71  1493 12.02 β (C26H3) 

70  1487 9.4 γ(C26H3) 

69  1470 47.33 ν (CC)ring1,2+ β (CCH)ring1,2 + β (NCH)+ γ(C26H3) 

68  1450 27.50 ν (CC)ring1,2+ β (CCH)ring1,2 + β (NCH)+ γ(C26H3) 

67  1426 29.35 ν (CC)ring1+ β (CCH)ring1 + β (C14OH) + γ(C26H3) 

66  1405 61.24 ν (CC)ring1+ β (CCH)ring1 + β (C14OH) + γ(C26H3) 

65 1329 1356 603.23 ν (C17N) 

64  1328 9.31 ν (CC)ring1,2+ ν (C11C13)+ β (C14OH)  

63  1318 38.38 ν (CC)ring1,2+ ν (C11C13)+ β (C14OH) 

62  1303 120.03 ν (CC)ring2+ ν (C4N) + β (C14OH) 

61  1301 165.78 ν (CC)ring1+ ν (C14O) + β (C19H) 

60  1282 62.65 ν (CC)ring1,2 + ν (C16O)+ β (CCH)ring1  

59  1274 168.41 ν (CC)ring1,2 + ν (C16O)+ β (CCH)ring1 

58  1226 59.63 ν (CC)ring1,2 + ν (C16O)+ β (CCH)ring1,2 

57  1216 35.39 ν (CC)ring1,2 + ν (C1F)+  ν (C2F)+ β (CCH)ring1,2 

56 1204 1206 10.53 β (CCH)ring1,2+ β (C26H3) 

55  1170 0.67 β (C26H3) 

54  1160 55.78 ν (CC)ring1 + ν (C4N)+ β (CCH)ring1 

53 1147 1127 64.16 ν (C26O)+ν (CC)ring1,2+ β (CCH)ring1  

52  1120 64.69 ν (C4N)+ ν (C26O)+  ν (C2F)+ β (CCH)ring1 

51 1098 1111 124.40 ν (CC)ring2+ ν (C17N)+  β (CCH)ring2 

50  1002 7.59 γ(C11H) 

 

 

Table 3.2 (Continued) 

49  984 50.49 ν (C11C13)+ν (C17N) + β (CCC)ring2 

48 970 971 67.84 ν (CC)ring1+ ν (C4N) 

47  947 5.19 γ(CH)ring1  

46  946 0.96 ν (C26O)+  ν (C17N)+ γ(CH)ring1 

45  916 1121.27 γ(C15H) + γ(C11H) 

44  891 27.82 γ(C3H) 

43  886 26.95 γ(C19H) 

42 870 836 25.99 ν (C14O)+β (CCC)ring1,2 + β (NO2) 

41 819 828 20.02 γ(CH)ring1 

40  802 61.10 β (CCN10)+β (CCC)ring1,2 + τ(CH)ring1 

39  786 40.13 ν (CC)ring1 ,2+ β (CCC)ring1,2 +sci (NO2) 

38  768 16.39 ν (CC)ring1 ,2+ β (CCC)ring1,2 

37 747 757 1.05 τ(CCCH)ring1,2 + τ(CCCC)ring1,2+ τ(CCCO23) + τ(CCCO25) 

+ τ(CCCN30) + τ(CCCN10) 

36  720 17.14 τ(CCCH)ring2 + τ(CCCC)ring2+ τ(CCCO23) + τ(CCCO25) + 

τ(CCCN30) + τ(CC-NO2) 
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35  711.39 1.88 τ(CCCH)ring1 + τ(CCCC)ring1+ τ(CCCF22) + τ(CCCF21) + 

τ(CCCN10) 

34  687 15.23 β (CCC)ring1,2 + β (C4NC11)+ β (C13C11N10) 

33  656 6.66  β (C13C11C15)+τ(CCCH)ring1 + τ(CCCC)ring1+ 

τ(CCCF22) + τ(CCCF21) + τ(CCCN10) 

32 617 621 1.80 β (C13C11C15)+τ(CCCH)ring1 + τ(CCCC)ring1+ τ(CCCF22) 

+ τ(CCCF21) + τ(CCCN10) 

 31   592 3.54 β (C3C4N10)+ β (C5C4N10)+ τ(CCCH)ring2 + 

τ(CCCC)ring2+ τ(CCCO23) + τ(CCCO25) 

30  573 10.99 β (CCC)ring1 + τ(CCCH)ring2 + τ(CCCC)ring2 + τ(CCCO23) + 

τ(CCCO25) + τ(CCO23H) 

29  552 15.38 β (CCC)ring1 + τ(CCCH)ring2 + τ(CCCC)ring2 + τ(CCCO23) + 

τ(CCCO25) + τ(CCO23H) 

28  544 68.11 τ(CCCH)ring2 + τ(CCCC)ring2 + τ(CCCO23)  

27 499 527 14.89 τ(CCCH)ring2 + τ(CCCC)ring2 + τ(CCCO23)+  τ(CC-NO2) 

 

 

3.3 NMR Results of MPM and FPM 

Molecules 

NMR spectroscopy is one of the important 

techniques used in the determination of the 

structure analysis of organic compounds. It is 

carried out using the 1H and 13C NMR chemical 

shift values. The measurements of the 1H and 13C 

NMR chemical shift values of the molecules  

 

were taken in DMSO. The 1H and 13C NMR 

chemical shift values of the MPM and FPM 

molecules were calculated over the optimized 

molecular structures, using the Gauge-

Independent Atomic Orbital (GIAO) method 

[16,17]. Theoretical calculations were performed 

in DMSO solution with the DFT/B3LYP method 

and 6-311G++(d,p) base set. NMR results were 

tabulated at Table 3.3. 

Table 3.3 1H-NMR and 13C-NMR Results of MMP and FMP compounds 

 

(MPM) (FPM) 

Assignment ẟexp. [9] ẟcalc. Assignment ẟcalc. 

C15 - 221.1001 C11 138.388 

C19 - 179.2248 C14 143.259 

C6 - 155.2287 C2 133.793 

C18 - 152.9903 C4 132.387 

C23 - 144.0097 C16 128.856 

C3 - 139.9785 C17 123.953 

C2 - 129.5128 C15 107.863 

C1 - 129.4984 C13 105.600 

C4 - 126.911 C6 101.297 

C17 - 125.1932 C3 97.372 

C5 - 118.5487 C5 95.221 

C22 - 114.7369 H18 8.437 

C20 - 113.7011 H20 8.095 

C27 - 53.6782 H24 7.611 

C10 - 18.8263 H9 7.554 

C35 - 14.8741 H7 7.361 

OH 14.43 13.1312 H8 7.083 

CH=N 8.65 8.4847   

Ar-H7 7.12 7.5248   
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Ar-H8 7.5130   

Ar-H9 7.1718   

OCH3 4.02 3.5149   

C31H3 2.44 2.8522   

Ar-H17 8.08 7.9194   

Ar-H20 7.8158   

C35H3 2.37 2.6546   

 

3.3 HOMO-LUMO analyse 

Chemical events that occur between molecules 

are typically explained using molecule boundary 

orbitals. The boundary orbitals in this context are 

the highest-energy occupied molecular orbital 

(HOMO) and the lowest-energy empty 

molecular orbital (LUMO). Because most 

chemical reactions involve the gain or loss of 

electrons, HOMO and LUMO have a direct 

effect on the chemical activity of the molecule. 

The lower the energy of the lowest energy empty 

molecular orbital (LUMO) into which the 

electron to be taken will be inserted, the easier it 

will be to take the electron. Because electrons are 

supplied by the highest energy-filled molecular 

orbital (HOMO), the higher the energy of this 

orbital, and the more probable it is to donate 

electrons. The HOMO and LUMO energy values 

for the compounds employing 6-311++G were 

calculated using the B3LYP method (d, p). The 

energy band gap between the ground state and 

the first excited levels of MMP and FMP 

compounds exists are around 1.34 eV and 3.64 

eV, according to the calculation (Figure 3.2).

 

 

  (MMP)   

   (FMP) 

Figure 3.2 The frontier molecular orbitals of 

MPM and FPM 

 

3.4 Nonlinear Optical (NLO) Properties 

Organic materials are important materials for 

rapid information retrieval and optical storage 

applications. In organic materials, optical 

properties are determined by polarizability. The 

polarizability of an atom or molecule differs 

from the stable states of the nucleus and 

electrons. It is a measure of how easily they can 
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be displaced. The easily displaced electrons in an 

atom or molecule are the valence electrons, 

which are farthest from the nucleus. Therefore, 

valence electrons have a great contribution to 

polarizability. 

It is possible to change or increase the nonlinear 

optical properties of a molecule. One way to 

increase the nonlinear optical properties of the 

molecule is to increase the length of the molecule 

with conjugated π bonds. Increased conjugation 

in the molecule leads to an increase in nonlinear 

optical properties. Another way to increase the 

nonlinear optical properties is to attach a donor-

acceptor group to the ends of the molecules. 

Thus, if the delocalization of the π-electron cloud 

on the molecule increases, the polarizability 

value of the molecules increases[18,19]. 

The dipole moment (μ), static polarizability (α0), 

and initial static hyperpolarizability (βtot) of 

structures are all intimately connected to their 

nonlinear optical (NLO) activity. The 

polarizabilities and hyperpolarizabilities 

determined from Gaussian 09 output were 

translated from atomic units to electrostatic 

units. 

(α: 1a. u = 0.1482*10-24esu; β: 1a. u = 8.6393*10-

33esu) [20]. The total static dipole moment, μ is 

defined as shown in Equation (3.1).  

μ=(μx
2+μy

2+μz
2)1/2        (3.1)                                                                                              

As given in Equation 4.2 and Equation 4.3), the 

calculations of static polarizability (αave) and first 

static hyperpolarizability (βtot) from the Gaussian 

output have been stated in detail previously  

<α> = 1/3 (αxx + α yy + α zz)    (3.2)                                                                                    

βtot = [(βxxx + βxyy+ βxzz)
2 + (βyyy+ βyzz+ βyxx)

2 + 

(βzzz+ βzxx+ βzyy)
2 ]1/2       (3.3)               

Because of its characteristics in the research of 

nonlinear optical properties, urea is regarded a 

generic reference.  

The NLO characteristics of the molecules under 

consideration are assessed by comparing them to 

urea. Urea values acquired from DFT/B3LYP/6-

31G calculations (d), µ = 1.3732 Debye, α = 

3.8312 Å3 and β = 0.37289*10-30 cm5/ esu [21]. 

The computed electric dipole moment, 

polarizability, and first-order hyperpolarizability 

properties of the investigated substance are 

provided in Table 4.7 and Table 4.8. The results 

show that hyperpolarizability of MMP 78.52 

times largere than the urea and 

hyperpolarizability of FMP 71.08 times larger 

than the urea. According these results the MMP 

and FMP compouns presents nonlinear optical 

activity and these compounds used as nonlinear 

optical material. 

Table 3.1 The electric dipole moment μ (D), the 

mean polarizability <α> and the first 

hyperpolarizability (βtot) of MMP and FMP 

copounds by DFT/B3LYP/6-311++G(d,p) level 

of theory 

 
Param

eter 
MPM 

MP

M 

Param

eter 
MPM 

FM

P 

μx 

-

0.328

5 

1.32

35 
ßxxx -1347.83 

2065

.45 

μy 
0.329

6 

1.50

21 
ßxxy -232.97 

-

541.

58 

μz 
0.526

7 

-

0.52

54 
ßxyy 37.37 

616.

77 

µtot 
0.702

8 
2.07 ßyyy 19.40 

-

779.

70 

αxx 
419.4

1 

352.

88 
ßxxz 95.49 

136.

41 

αxy -5.37 
-

1.42 
ßxyz 16.04 

-

62.6

4 

αyy 
198.4

0 

212.

53 
ßyyz 29.65 

91.1

7 

αxz -5.65 2.66 ßxzz -3.04 
66.4

4 

αyz 0.88 7.73 ßyzz 10.19 

-

28.0

8 
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αzz 
129.9

0 

114.

88 
ßzzz 42.62 

-

45.0

9 

<α> 

(a.u) 

249.2

3 

226.

76 
βtot 

(a.u) 
1339.69 

3067

.44 

<α> 

(esu) 

36.93

*10-24 

esu 

33.6

1 x 

10-

24 

esu  

βtot 

(esu) 

11573.9

8*10-

33esu 

2650

0.5 

x10-

33esu 

3.5 Molecular Electrostatic Potential (MEP) 

In recent studies in the literature, molecular 

electrostatics interest in potential (MEP) has 

greatly increased [22]. The information 

contained in the MEP is used in different 

quantum chemical models. MEP is very useful in 

non-covalent interactions and especially in 

identifying hydrogen bonds (H bonds). Analysis 

of 2D or 3D maps of MEP helps to identify 

sensitive areas in the area around the molecular 

system that may interact with the proton [23].  

3D MEP of MMP and FMP compounds in 

Figure 4.8 and Figure 4.9 are shown. The MEP 

shapes of the compounds were obtained as a 

result of the DFT method and calculations on the 

B3LYP/6-311++G(d,p) basis set. 

In the mentioned 3D MEP surfaces maps, 

different regions of the molecule are shown with 

different colors (orange, yellow, green, light 

blue) in the red-blue range. In the MMP 

compound of these colors -0.05591 a.u. for red, 

0.05591 a.u. for blue found to be worth it. 

Similarly, in the FMP compound -0.05877 a.u. 

for red, 0.05877 a.u. for blue found to be worth 

it. Here, blue color indicates attraction and red 

color indicates repulsion. 

As seen in Figure 4.8 and Figure 4.9, negative 

potential regions are concentrated near N and O 

atoms. When we examine the MEP surface map 

of the compounds in detail, it is remarkable that 

the blue color is more intense in some regions. 

These regions are located near the H atoms in the 

aromatic ring, and near the CH3 group in the 

functional group. 

 

(MPM)         

      (FMP) 

Figure 3.3 Molecular Electrostatic Potential 

mep of MMP and FMP compounds 

4 Conclusion  

In this study, first of all, geometric optimizations 

of MMP and FMP molecules were calculated. 

Experimental and theoretical structural 

parameters of the mentioned molecules have not 

been found in the literature. For this reason, 

experimental values of similar molecules in the 

literature were found and compared with 

theoretical values. 

In the literature, all C-H bond lengths in the 

benzene ring have been measured as 

approximately 1.084 Å, and C-C bond lengths as 

1.397 Å. In this study, the aromatic C-H values 

of MMP compound were calculated as 1.084, 

1.085 and 1.086Å for C3-H7, C4-H8 and C6-H9, 

respectively. Also, the avarege value of aromatic 

C-C bond lenghts for MMP ccompound were 

calculated as 1.398Å. In addition, one of the 
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most important bonds in the studied molecules is 

the imine bond(C=N). The experimental values 

of the C=N bond lengths (1E, 2E)-phenyl-[(1-

phenylethyl) imino]-ethanal oxime were 

measured as 1.280 Å and 1.275 Å. Theoretical 

values were calculated as 1.280 Å and 1.276 Å, 

respectively. 

Vibration spectra and markings were evaluated 

together experimentally and theoretically. 

Fundamental vibrations were performed with the 

GaussView program for marking the vibration 

spectra. Vibration frequencies were interpreted 

together with the frequency values of different 

molecules found in the literature. In the 

interpretation of frequencies, attention was paid 

to select the molecules taken as reference from 

the literature as the closest structure to the 

molecules studied. 1H-NMR and 13C-NMR 

values of MPM and FMP compounds were 

calculated theoretically. Since only the 

experimental 1H-NMR values of the MPM 

molecule were found in the literature, the 

experimental and theoretical results of this 

compound were compared. Finally, HOMO-

LUMO analysis, non-linear optical properties 

and MEP surface of the compounds were 

investigated. It has been observed that the 

HOMO and LUMO orbitals are generally 

concentrated in the aromatic ring for the studied 

molecules. The charge distribution in the 

molecule was determined by MEP analysis. 
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