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Abstract :  Ab initio and DFT investigations on acetoacetanilidimine derivative viz., 3-((2-((2-hydroxy-3-

methoxybenzylidene)amino)phenyl)imino)-N-phenylbutanamide by using B3LYP/6-311G(d,p) level of theory. The delocalization and mobility 

of electrons in the title compound was obtained from the geometry optimization, vibrational frequencies (IR), electronic transition, TD-DFTand 

NMR shielding tensors (13C and 1H). The chemical reactivity of the compound is studied by the simulation of molecular electrostatic potential 

surface, PES and FMO with molecular energy level diagram. The fundamental vibrational modes and wave numbers of acetoacetanilidimine 

derivative are characterized theoretically based on potential energy distribution. In addition to that, Mulliken Charges, APT charges and 

hyperpolarizability (tot) as NLO studies were also calculated. 
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I. INTRODUCTION 

Schiff base compounds are most important class of organic compounds which have attracted considerable attention due to their 

wide applications such as organic dyes, catalyst and schiff base compounds exhibit a broad range of biological activities [1-4]. 

They are used for industrial purpose and have variety of biological activities antidepressants, antimicrobial, antitumor, 

antiphlogogistic, nematocide, and other medicinal agents have been reported based on these compounds [5-11]. The important 

structural properties of acetoacetanilidimine derivatives play a major role for the development of new drug and NLO applications 

[12-14]. The investigation of influence of substitutions in the derivatives can be helpful in future design of complex with tunable 

properties [15-18]. In order to investigate the reactive sites of the molecule and electrophilic and nucleophilic attack sites of the 

molecule, the molecular electrostatic potential map was established by using B3LYP/6-31G(d,p) method. The energy gap 

between HOMO and LUMO is a critical parameter to determine molecular electrical transport properties [19]. Calculations of 

partial atomic charges are useful factor to predict the dipole moments, electronic structures, polarizabilities and chemical 

reactivities of the molecules [20, 21] and also to understand the quantum mechanical relationship between the types of substituent 

such as donor and acceptor and NLO properties, we explore the theoretical studies ON acetoacetanilidimine derivativeviz.,3-((2-

((2-hydroxy-3-methoxybenzylidene)amino)phenyl)imino)-N-phenylbutanamide (AAVA).  

 

II. THEORETICAL INVESTIGATION 

DFT Calculations 

The schiff base compound derived from acetoacetanilidimine [14](Scheme 1) have active anilide group which is most polarizable, 

the DFT study is vitalto determine the structural parameters in accuracy with B3LYP/6-311G(d,p) level theory and quantum 

mechanical investigations have been computed with the GAUSSIAN 09W program package [22-27]. The program used to 
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optimize structures, and calculate PES, vibrational frequencies (IR), electronic transition, TD-DFT and gauge-including atomic 

orbitals (GIAOs) to calculate NMR shielding tensors (13C and 1H) [28-31].  

The Mulliken Charges, APT charges, the energies of the frontier molecular orbitals (HOMO/LUMO) with molecular energy level 

diagram, electrostatic potential surface and Laplacian electron density analysis and molecular first static hyperpolarizability (tot) 

was also computed [32-36].  

The GaussView6.0.16 visualization programme [35] and Chemcraft version 1.8 have been employed to generate the Laplacian 

electron density maps, HOMO-LUMO and ESP contour surfaces.  

 

Scheme 1.Keto form of AAVA 

 

III. RESULTS AND DISCUSSION 

III. 1. Geometry Optimization 

The geometry optimization without symmetry constraints of C-C and C-H bond lengths and bond angles by -H and –CH3 

substituent at diamine moiety was carried out and the optimized structure of the AAVA and it potential energy surface diagram 

(PES) with numbering the atoms are shown in Fig. 1 and Fig. 2. The optimized bond lengths, bond angles and dihedral angles 

were obtained using B3LYP with 6-311G(d,p) level theory and given in Table 1. The potential energy surface of reported 

compounds has been carried out to find existence of conical intersection between the ground and first excited state, however, the 

DFT based B3LYP/6-311G (d,p) level of computations were not able to predict any imaginary frequencies implying that the 

stationary point is located at the global minimum of the potential energy hyper-surface (Fig. 2). The calculated optimized 

electronic energy of AAVA is-1318.65 Hartree with the Zero point energy correction 0.4245 Hartree, respectively. Based on the 

computed zero-point vibrational energy of the AAVA, the molecular stability is confirmed. The analytical and thermodynamical 

parameters of reported compound with 298.150 K at 1.000 atm pressure reported in and the bond distances and bond angles in 

Table 2. 

 

Scheme 2.Optimized structure AAVA with intermolecular hydrogen bonding 
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Fig. 1:Optimized structure of AAVA with numbering of atoms 

 

Fig.  2: PES diagram of AAVA 

Table 1.Optimized Geometrical bond lengths of AAVA 

S.No. Bond Length Bond Angle 

Bond 

atoms 

Bond 

Length 

(Å) 

Bond atoms Bond 

Angle 

(Å) 

1.  H(53)-

C(50) 

1.095 O(49)-C(50)-

H(51) 

111.105 

2.  H(52)-

C(50) 

1.088 O(49)-C(50)-

H(52) 

105.985 

3.  H(51)-

C(50) 

1.095 O(49)-C(50)-

H(53) 

111.111 

4.  C(50)-

O(49) 

1.424 C(41)-O(49)-

C(50) 

118.576 

5.  O(49)-

C(41) 

1.372 C(39)-O(47)-

H(48) 

107.456 

6.  H(48)-

O(47) 

0.968 C(42)-C(44)-

C(41) 

119.360 

7.  O(47)-

C(39) 

1.361 C(44)-C(42)-

C(40) 

120.598 

8.  H(46)-

C(44) 

1.082 O(49)-C(41)-

C(44) 

126.463 

9.  H(45)-

C(42) 

1.083 O(49)-C(41)-

C(39) 

113.353 

10.  C(44)-

C(42) 

1.401 C(44)-C(41)-

C(39) 

120.184 

11.  C(44)-

C(41) 

1.387 C(42)-C(40)-

C(38) 

120.761 

12.  H(43)- 1.081 O(47)-C(39)- 119.553 

C(40) C(41) 

13.  C(42)-

C(40) 

1.385 O(47)-C(39)-

C(38) 

119.818 

14.  C(41)-

C(39) 

1.408 C(41)-C(39)-

C(38) 

120.604 

15.  C(40)-

C(38) 

1.407 C(36)-C(38)-

C(40) 

123.061 

16.  C(39)-

C(38) 

1.398 C(36)-C(38)-

C(39) 

118.304 

17.  C(38)-

C(36) 

1.482 C(40)-C(38)-

C(39) 

118.486 

18.  H(37)-

C(36) 

1.091 N(35)-C(36)-

C(38) 

129.857 

19.  C(36)-

N(35) 

1.274 C(26)-N(35)-

C(36) 

124.509 

20.  N(35)-

C(26) 

1.403 C(29)-C(31)-

C(28) 

119.927 

21.  H(34)-

C(31) 

1.084 C(31)-C(29)-

C(27) 

119.728 

22.  H(33)-

C(29) 

1.084 C(31)-C(28)-

C(26) 

121.018 

23.  H(32)-

C(28) 

1.084 C(29)-C(27)-

C(25) 

121.182 

24.  C(31)-

C(29) 

1.394 N(35)-C(26)-

C(28) 

119.387 

25.  C(31)-

C(28) 

1.390 N(35)-C(26)-

C(25) 

121.077 
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26.  H(30)-

C(27) 

1.084 C(28)-C(26)-

C(25) 

119.164 

27.  C(29)-

C(27) 

1.391 N(24)-C(25)-

C(27) 

122.621 

28.  C(28)-

C(26) 

1.400 N(24)-C(25)-

C(26) 

117.997 

29.  C(27)-

C(25) 

1.401 C(27)-C(25)-

C(26) 

118.933 

30.  C(26)-

C(25) 

1.417 C(16)-N(24)-

C(25) 

125.443 

31.  C(25)-

N(24) 

1.406 C(16)-C(19)-

H(21) 

110.152 

32.  N(24)-

C(16) 

1.276 C(16)-C(19)-

H(22) 

109.472 

33.  O(23)-

C(14) 

1.220 C(19)-C(16)-

C(15) 

114.424 

34.  H(22)-

C(19) 

1.094 C(19)-C(16)-

N(24) 

126.296 

35.  H(21)-

C(19) 

1.095 C(15)-C(16)-

N(24) 

119.159 

36.  H(20)-

C(19) 

1.088 C(14)-C(15)-

C(16) 

121.778 

37.  C(19)-

C(16) 

1.510 O(23)-C(14)-

N(12) 

125.862 

38.  H(18)- 1.099 O(23)-C(14)- 118.734 

C(15) C(15) 

39.  H(17)-

C(15) 

1.091 N(12)-C(14)-

C(15) 

115.321 

40.  C(16)-

C(15) 

1.520 H(13)-N(12)-

C(1) 

117.087 

41.  C(15)-

C(14) 

1.540 H(13)-N(12)-

C(14) 

113.911 

42.  C(14)-

N(12) 

1.362 C(1)-N(12)-

C(14) 

128.838 

43.  H(13)-

N(12) 

1.022 C(1)-C(6)-

C(5) 

119.428 

44.  N(12)-

C(1) 

1.408 C(6)-C(5)-

C(4) 

121.266 

45.  C(6)-C(1) 1.402 C(5)-C(4)-

C(3) 

119.136 

46.  C(6)-C(5) 1.393 C(4)-C(3)-

C(2) 

120.372 

47.  C(5)-C(4) 1.392 C(3)-C(2)-

C(1) 

120.425 

48.  C(4)-C(3) 1.394 N(12)-C(1)-

C(6) 

123.683 

49.  C(3)-C(2) 1.389 N(12)-C(1)-

C(2) 

116.943 

50.  C(2)-C(1) 1.404 C(6)-C(1)-

C(2) 

119.373 

 

Table 2:Analytical and thermochemistry of AAVA with 298.150 K at 1.000 atm pressure 

Molecular formulae C24H23N3O3 

Electronic energy (Hartree) -1318.65 

Zero point energy correction (Hartree) 0.4245 

Thermal correction to energy (Hartree) 0.4517 

Thermal correction to enthalpy (Hartree) 0.4526 

Thermal Energy (Kcal/mol) 283.436 

Heat capacity (cal/mol. kelvin) 104.496 

Entropy (cal/mol.kelvin) 188.752 

Dipole moment (Debye) 8.2 

 

The bond lengths between the diamine nitrogen and the aromatic ring, C36-N35, C16-N24 at 1.274Å, 1.276Å and C16-N24-C25, 

C26-N35-C36at  125Å,124Årespectively. The bond distance slightly increases for C12-C13 is due the influence of adjacent highly 

polar carbonyl group.  With the electron donating methyl substituent on the diamine moiety, the symmetry of the ring is distorted, 

yielding ring angles smaller than 120 at C28-C26-C25 and slightly larger than 120 at the ortho and meta positions [15,37]. 

 

III.2. Mulliken electronegativity and APT Charges  

The quantum chemical calculations are used to determine electronegativity of pure s, p and d states and atomic partial charges 

(APT) for the reported compound involves fitting the charges to electrostatic potentials (ESPs) computed with abinitio quantum 

mechanics at sampling points around the reported compounds(Fig. 3). Mulliken electronegativity () can be computed as follows: 

=(I+A)/2, where I is ionization energy (I=-EHOMO) and A is electron affinity (A=-ELUMO). Softness is measure of extent of 

chemical reactivity as S=1/2 and harness is measured as =(I-A)/2. The electrophilicity index =(-2/2) is a measure of energy 

lowering due to maximum electron flow between donor and acceptor [38,39]. The results indicate that the hetero atoms with high 
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negative charges, that is, nitrogen and oxygen atoms could act as electron donors and coordinate with metals [20]. The values of 

elecltronegativity, hardness, softness, electrophilicity index, energy gap are presented in Table 3. 

Mulliken Charges APT Charges 

  

Fig. 3: Mulliken and APT charges of AAVA 

Table 3: Computed electronic characters of AAVA 

Electronegativity (c) (a.u) 0.1350 

Hardness (h) (a.u)) 0.0745 

Softness (S) (a.u) 0.2979 

Electrophilicity index (w) (a.u) 0.1223 

Egap (LUMO-HOMO) (eV) 4.0532 

Dipole moment (Debey) 8.17 

Polarizability (α) 298.1266 

 

III.3 Dipole moments 

The dipole moment of the reported compound was computedwith B3LYP/6-311G(d,p) level of theory is given in Table 4 and it 

indicates bond polarities and charge densities in molecules. The dipolemoment value of AAVAis8.17D,which significantly 

showed that the AAVAis polarized and less active in nature [40]. 

 

III.4. Molecular Electrostatic Potential (MEP) 

The molecular electro-static potential surface of the AAVA has been determined by B3LYP/6-311G(d,p) method to know the 

relative polarity of the molecules. The electrostatic potential contour map for positive and negative potentials of ‘keto’ form of 

AAVAis shown in Fig.4.The electron rich or negative charge of the MEP surface is shown in red colour, the blue region exposes 

the electron deficientor partially positive charge. The region around carbonyl oxygen atoms represents the most negative potential 

region (red). The hydrogen atoms attached to the end of methyl and methylene group possess the positive charge (blue). [38,39] 
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Fig. 4:ESP Contour plots of AAVA 

III.5. Analysis of frontier molecular orbitals(FMO) 

Frontier molecular orbital (FMOs) are highest occupied molecular orbital and lowest unoccupied molecular orbital. A molecular 

orbital describes the behavior of electrons in a molecule.Electrostatic potential of a molecule is a good tool to assess the 

molecules reactivity towards positively or negatively charged reactants [19]. The energies ofHOMO, LUMOand their orbital 

energygap are calculated by using B3LYP/6-311G(d,p) method.Thepictorial representation of the frontier molecular orbitals and 

theirrespective positive and negative regions are presented in Fig.5.The positive and negative surfaces areshown in red and 

greencolour, respectively. The electron cloud is mainly located on the anilide ring and is of π type, but in case of LUMO it is π* 

in nature, therefore, the HOMO–LUMO transition is  ππ* in nature. The FMOs play crucial role in the optical and electrical 

properties of molecules. The energy gap between HOMO and LUMO helps to predict the chemical reactivity and kinetic stability 

of the molecule. A molecule with small energy gap has high chemical reactivity and low kinetic stability [36,37]. The energy gap 

value reveals thehigher chemical reactivity and lower kinetic stability. The energy gapof LUMO-HOMO is4.0532eV, which 

clearly indicates the charge transfer interface with in the molecule. The smaller energy gap between HOMO and LUMO 

facilitates molecule to be NLO active. 
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LUMO-HOMO=Egap (eV) = 4.0532 

Fig. 5:HOMO-LUMO surfaces of AAVA 

 

 

Fig. 6: UV-Visible Spectrum of AAVA 

III.6. Electronic Transition 

The electronic transitions of the AAVA has been explained based on time dependent density functional theory with B3LYP/6-

311G(d,p) at gas phase using the optimized geometry of the ground state (Fig.6). AAVA-keto form gives intense peak at 317, 343 

and 306 nm are assigned to π→π* and n→π* transitions of the conjugated anilideand diaminerings (Table 4).  The most intense 

electronic transition occurs between the highest occupied molecular orbital to the lowest unoccupied molecular orbital, the energy 

gap is about Egap = 4.0532eV (Fig.6 and Fig.7). 

 

Table 4: UV-Vis (TD-DFT) Energy Excitation levels of AAVA 

 

Absorption wavelength (nm) Absorbance 

371 0.0296 

343 0.0006 

306 0.0288 
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Fig. 8: Molecular Energy level diagram of AAVA 

 

III.7. Computed Vibrational frequencies 

IR frequencies with scaled values (Scaled with 0.958) are computed and is shown in Table 5 (Fig.8) with B3LYP/6-311G(d,p) 

level of theory. IR spectrum shows band at 1466, 14580, 1484 and 1434 cm-1 are attributed to methylene and methyl group of 

AAVA. Carbonyl group gives band at around 1755 cm-1 and the band at 3193cm-1 is assigned to N-H stretching. Carbon-Carbon 

stretching band of phenyl group is appeared in range of 1650-1200 cm-1 and the phenolic –OH is appearing at 3763cm-. The bands 

at 3009 and 3079 cm-1are due to the aromatic –OCH3 and C-H stretching vibration respectively. C=N stretching appears at 1628 

cm-1 and C-N stretching arises at 1257. The band observed at 1530 cm-1iscorresponding to aromatic C=C stretching.All other 

vibrational bands of aromatic C-H stretching, aromatic C=C stretching and C=N stretching are 3074, 1530 and 1626 cm-1 

respectively. 

 

Table 5. Experimental and calculated IR intensities of AAVA using DFT with B3LYP/6-311G(d,p) in gas phase 

IR 

Frequency 

Frequency 

scaled with 

0.958 

IR 

Frequency 

Frequency 

scaled with 

0.958 

524 502 963 923 

530 507 976 935 

543 520 976 935 

555 531 977 936 

556 533 1001 959 

570 546 1010 968 

588 564 1015 973 

604 578 1050 1006 

625 598 1053 1008 

633 606 1062 1017 

662 634 1100 1053 

674 645 1104 1057 

709 679 1110 1064 

716 686 1124 1077 

729 699 1172 1123 

746 715 1179 1129 

758 727 1181 1131 

772 739 1185 1135 

782 749 1193 1143 
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788 755 1202 1151 

797 764 1206 1155 

812 778 1209 1158 

830 795 1220 1168 

843 808 1243 1191 

852 816 1248 1196 

866 829 1254 1201 

879 842 1257 1205 

885 848 1280 1226 

894 857 1289 1235 

909 871 1299 1245 

921 882 1310 1255 

930 891 1315 1260 

948 908 1342 1286 

962 922 1356 1299 

1359 1302 3012 2886 

1397 1338 3028 2901 

1404 1345 3074 2945 

1434 1373 3079 2950 

1446 1385 3100 2970 

1473 1411 3104 2974 

1478 1416 3142 3010 

1478 1416 3142 3010 

1480 1418 3157 3024 

1484 1421 3164 3031 

1491 1429 3166 3033 

1497 1434 3174 3041 

1503 1439 3175 3042 

1510 1446 3182 3048 

1513 1450 3185 3051 

1530 1466 3187 3054 

1596 1529 3193 3059 

1600 1533 3204 3069 

1626 1558 3212 3077 

1628 1560 3241 3105 

1644 1575 3383 3241 

1650 1581 3763 3605 

1652 1583   

1710 1638   

1723 1651   

1755 1681   

3009 2883   

 

 

Fig. 8: IR Spectra of AAVA 

 

III.8. NMR Chemical Shifts 

The NMR techniques are used to predict presence of particular nuclei in a compound.It helps to elucidate the molecular structural 

information when the nucleus exposed to electromagnetic radiation in a strong magnetic field [40]. The geometry optimization of 

AAVA was performed at the gradient corrected density functional level of theory using the hybrid B3LYP method based on 

Becke’s three parameters functional of DFT and gauge-including atomic orbital (GIAO) 13C{1H}-NMR chemical shift 

calculations of the compound has been computedusing B3LYP/6-311G(d,p) basis set[38,39]. 1H NMR (Fig.9) and 13C-NMR (Fig. 

10) chemical shifts of the compounds AAAP and ATAP with corresponding tautomeric forms are given in Table 6. Aromatic 
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carbons give signals in the range 100-150 ppm and the -I effect of nitrogen(N16) reduces the electron density of the carbon atom 

C1 thus NMR signal is observed in the downfield at 145.21 ppm. The acetyl methyl group carbon (C19) gives chemical shift 

at19.87 ppmand methyl carbon is observed at 48.31 ppm which reveals that the downfield is due to the influence of adjacent 

highly polar carbonyl group. Methyl carbon is shifted to downfield is due to electron withdrawing nature of carbonyl group. The 

carbonyl carbon appears at 174.49ppm [15]. 

 

Table 6: 1H-NMR and 13C-NMR shielding of AAVA 

1H-NMR 13C-NMR 

Atoms Shielding (ppm) Atoms Shielding (ppm) 

13-H       10.38 16-C      174.49 

37-H       9.01 14-C      164.61 

11-H        8.84 36-C      162.27 

32-H       7.38 39-C      152.65 

34-H        7.30 41-C      151.21 

10-H        7.25 26-C      150.77 

 8-H       7.18  1-C      145.21 

33-H        6.99 25-C      138.79 

 9-H        6.91  5-C      132.38 

 7-H       6.80  3-C      131.33 

43-H        6.64 31-C      129.37 

30-H        6.47 38-C      126.87 

45-H        6.44 28-C      126.51 

46-H        6.42 40-C      125.66 

48-H        5.37 29-C     125.28 

52-H        4.04  4-C      125.24 

51-H        3.60 27-C      124.02 

53-H        3.52  6-C      121.81 

18-H        3.14 42-C      120.94 

17-H       2.70  2-C      120.21 

20-H        1.48 44-C      111.18 

21-H       1.39 50-C       54.76 

22-H        0.45 15-C       48.31 

    19-C       19.87 

 

http://www.jetir.org/


© 2019 JETIR June 2019, Volume 6, Issue 6                                                             www.jetir.org (ISSN-2349-5162) 

JETIR1907L21 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 797 
 

 

 

Fig. 9: 1H-NMR Spectra of AAVA using DFT with B3LYP/6-311G(d,p) SCF GIAO Method 

 

 

Fig. 101: 13C-NMR Spectra of AAVAusing DFT with B3LYP/6-311G(d,p) SCF GIAO Method 

The –CH2- protons signal shifted to downfield than that of –CH3 protons due to the adjacent electron withdrawing carbonyl group 

[15].AAVA spectrum shows set of peaks at 6.99 ppm to 7.30 ppm are attributed to protons in the aromatic ring. A peak appeared 

at 10.30 ppm is assigned to proton of nitrogen (N-H). Protons adjacent to nitrogen in the aromatic ring appear at 6.272 ppm and 

6.51 ppm. Multiple peaks appear around 6.19 to 7.38 ppm is due to the presence of proton in the aromatic ring with hydroxide 

group. The presence of peak at 3.60 ppm is due to the phenolic -OCH3. 

  

III.9. Non-linear optical (NLO) properties 

The NLO calculations have made an important contribution to the electronic polarization of molecule and structural properties 

relationship and the NLO response calculation was performed on the optimized geometry using B3LYP/6-311G(d,p) level of 

theory and the first static hyperpolarizability is a third rank tensor that can be described by a 3×3×3 matrix with 27 components of 

http://www.jetir.org/
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the 3D matrix can be reduced to 10components due to the Kleinman symmetry [44-47], i.e., xxx, xxy, xyy, yyy, xxz, xyz, yyz, 

xzz, yzz and zzz respectively and the computed first static hyperpolarizability()values of these acetoacetanilidederivatives were 

calculated and converted to electrostatic units (esu) and represented in the Table 7. The calculated first static hyperpolarizability 

() tensors of AAVA istot= 1.7050 x 10-30e.s.u.Hence, the title compoundwaspredicted to have larger NLO property[48,49].  

Table 7:Computed second order hyperpolarizabilities of AAVA 

XXX XYY XZZ YYY YXX YZZ ZZZ ZXX ZYY XYZ TOT x 10-30esu 

115.17 106.15 20.05 -50.15 -73.64 11.18 15.99 -15.91 -10.60 -13.2597 2.303 

 

IV. CONCLUSIONS 

In our attempt to elucidate the structural investigation on AAVA by the DFT calculations  using B3LYP/6-311G (d,p) level of 

theory to evaluate the PES, vibrational frequencies (IR), electronic transition, TD-DFT and NMR shielding tensors (13C and 1H). 

Further, Mulliken Charges, APT charges, the energies of the frontier molecular orbitals (HOMO/LUMO) with molecular energy 

level diagram and electrostatic potential surface analysis were computed. In addition, an investigation of molecular first static 

hyperpolarizability (tot) was also calculated. The geometry optimization and dipole moment value shows that the compound is 

relatively polarized. The region around carbonyl oxygen atoms represents the most negative potential region (red) and the 

hydrogen atoms attached to the end of methyl and methylene group possess the positive charge (blue) in the molecular electro-

static potential surface. The energy gap of LUMO-HOMO of AAVA is 4.0532eV, which clearly indicates the charge transfer 

interface with in the molecule. The energy gap reveals that the compound has higher chemical reactivity and lower kinetic 

stability. The narrow energy gap between HOMO and LUMO facilitates molecule to be NLO active. 
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