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ABSTRACT 
 

In this work vibrations Spectral analysis on The solid of 2,3-pyarazine dicarboxamide have been investigated 

both the experimental and theoretical vibration data indicated the presence of variable functional groups with 

the total of molecule the equilibrium geometry, bonding features, harmonic vibration frequency.IR and Raman 

intensities have been calculated with the help of density functional theory methods. The assignments of 

vibration spectra have been carried out the normal co-ordinates analysis following the scaled quantum 

mechanical force field calculations. The First hyperpolarizability (tot) of the novel molecules system and 

related properties (µ, α and α) are calculated using B-3LYP/6 -31+G (d) and B3LYP/6-311++G (d, p) method on 

the finite-field approach. The calculated HOMO and LOMO energies show that charger transfer occurs within 

the molecule. Information about the size shape, charge density distribution and site of chemical reactivity of 

the molecules has been obtained by mapping elections density is surface With molecular electrostatics potential 

(MEP). 

Keywords: Vibrational spectra, DFT calculations, HOMO-LUMO, DOS Spectrum, MEP Surface 

 

I. INTRODUCTION 

 

The electro negative atom such as halogen attached to 

the pyarazine in a highly reactive the pyarazine. The 2, 

3-pyarazine dicarboxamide is a white crystalline 

powder with molecular formula (C6H6N4O2).The 

vibration spectroscopic using DFT methods have 

reported on methyl phenol. Therefore the present 

investigation was undertaken study the vibration of 

FT-IR, FT-Raman spectra of the molecule completely 

and to identify the vibrations normal modes with 

grater wave number accuracy. Predication of 

vibration frequency of polyatomic molecules by 

quantum chemical calculation has become very 

popular because of accurate and consistent description 

of the experimental data.23PDC was investigated by 

using B3LYP calculation with 6-31+G (d) and 6-

311++G (d, p) basis sets.  

 

II. EXPERIMENTAL DETAILS 

 

The sample 23PDC in the white crystal form was 

provided by the Lancaster Chemical Company (UK) 

with a purity of greater than 98% and it was used as 

such without further purification. The FT-Raman 

spectrum of 23PDC was recorded using 1064 nm line 

of Nd:YAG laser as excitation wavelength in the 

region 3500-100 cm-1 on a Thermo Electron 

Corporation model Nexus 670 spectrometer equipped 

with FT-Raman module accessory. The FT-IR 

spectrum of 23PDC was recorded in the frequency 

region 4000-400 cm-1 on a Nexus 670 spectrometer 
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equipped with an MCT detector, a KBr pellet 

technique. 

III. COMPUTATIONAL DETAILS 

 

In order to model the structure and to compare the 

performance of DFT methods on 23PDC, geometry 

optimization followed by vibrational frequency 

calculations were performed at the DFT/B3LYP/6-

31+G (d) and B3LYP/6-311++G (d, p) using the 

GAUSSIAN 09W [1] without any constraint on the 

geometry. The harmonic vibrational frequencies have 

been analytically calculated by taking the second-

order derivative of energy using the same level of 

theory. Transformation of force field from Cartesian 

to symmetry coordinate, scaling, subsequent normal 

coordinate analysis and calculations of PED, IR and 

Raman intensities were made on a PC with the 

version V7.0 of the MOLVIB program written by 

Sundius [2, 3]. To achieve a close agreement between 

observed and calculated frequencies, the least-square 

fit refinement algorithm was used. By combining the 

results of the GAUSSVIEW [4] with symmetry 

considerations, along with the available related 

molecules, vibrational frequency assignments were 

made with a high degree of accuracy.  

 

Predictions of Raman intensities 

The Raman activities (SR) calculated with the Gaussian 

09W program were converted to relative Raman 

intensities (IR) using the following relationship 

derived from the basic theory of Raman scattering 

[5−7]. 

 
where υ0 is the laser exciting frequency in cm-1 (in this 

work, we have used the excitation wavenumber 

υ0=9398.5 cm-1, which corresponds to the wavelength 

of 1064 nm of a Nd:YAG laser), υi is the vibrational 

wavenumber of the ith normal mode (in cm-1) and SR is 

the Raman scattering activity of the normal mode υi, f 

(is the constant equal to 10-12) is a suitably chosen 

common normalization factor for all peak intensities. 

h, k, c, and T are Planck constant, Boltzmann constant, 

speed of light, and temperature in Kelvin, respectively. 

 

FIRST HYPERPOLARIZABILITY 

The first hyperpolarizability (β) of this novel 

molecular system and related properties (α, β and ∆β) 

of 23PDC were calculated using B3LYP method with 

6-31G+ (d) and 6-311++G (d, p) basis sets, based on the 

finite-field approach. Polarizability and 

hyperpolarizability characterize the response of a 

system in an applied electric field [8]. In the presence 

of an electric field, the energy of a system is a function 

of the electric field. First hyperpolarizability is a 

third-rank tensor that can be described by 3x3x3 

matrix. The 27 components of the 3D matrix can be 

reduced to 10 components due to the Kleinman 

symmetry [9]. It can be given in the lower part of the 

3x3x3 matrixes is a 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 

 
Where E0 is the energy of the unperturbed molecules, 

Fi is the field at the orgin and μi, αij, βijk and γijkl are the 

components of dipole moment, polarizability and the 

first hyperpolarizability respectively. 

The total static dipole moment is 

 
The isotropic polarizability is  

 
The polarizability anisotropy invariant is 

 
The average hyperpolarizability  

 where 
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where αxx, αyy and αzz are tensor components of 

polarizability. βx, βy and βz are tensor components of 

hyperpolarizability. Since the value of polarizability 

and hyper polarizability of the GAUSSIAN 09 output 

are reported in atomic units (a.u.), the calculated 

values have been converted into electrostatic units 

(e.s.u.) (1 a.u .=8.639x10−33 e.s.u.). The total molecular 

dipole moment, polarizability and first hyper 

polarizability are 6.3753 and 6.3292 debye, 1.7560x10-

30 e.s.u. and 1.7532 x10-30e.s.u. in B3LYP method 

with6-31+G (d) and 6-311++G (d, p) levels of theory. 

The dipole moment and mean polarizability and 

anisotropy polarizability of 23PDC have been 

recorded in Table 1. 

 

Table 1. The electric dipole moment (µ) (debye), the 

mean polarizability(α)(e.s.u.), anisotropy 

polarizability(Γα) (e.s.u.) and first 

hyperpolarizability(βtot) (e.s.u.) at 2,3-pyrazine 

dicorboxamide at B3LYP/6-31+G (d) and B3LYP/6-

311++G (d, p) methods. 

Parameters 
B3LYP/6-

31+G (d) 

B3LYP /6-

311++G (d, 

p) 

µx -4.9490 -4.9201 

µy 1.0737 1.0611 

µz 3.8730 3.8375 

µ 6.37538 6.3292 

αxx -63.3897 -63.4381 

αxy -0.9335 -0.8445 

αxz 8.8387 8.7993 

αyy -62.1703 -62.2079 

αyz -5.0521 -4.9814 

αzz -69.6494 -69.6841 

Α -65.0698 -65.1100 

Γα 109.9973 110.054 

βxxx -33.0954 -33.4929 

βyyy 63.3463 62.4176 

βzzz 12.3811 12.2773 

βxyy 1.1483 1.3841 

βxxy -25.8616 -25.7787 

βxxz 21.3325 21.2631 

Βxzz 5.9194 5.8531 

βyzz -3.0045 -2.6648 

βyyz 8.0059 7.8866 

βxyz -12.2425 -12.0801 

βtot 1.7560x10-30 1.7532 x10-30 

 

IV. RESULTS AND DISCUSSION 

 

4.1. Molecular geometry 

 
The molecular structure along with numbering of 

atoms of 23PDC is obtained from Gaussian 09W is as 

shown in Fig. 1. Optimized geometrical parameters 

calculated by B3LYP/6-31+G (d) and B3LYP 6-311++G 

(d, p) basis sets. The experimental geometrical 

parameters (bond lengths, bond angles) and dihedral 

angles are listed in Table 2. The optimized bond 

lengths of C−C lie in the range 1.339–1.334Å and 

1.409–1.408Å by B3LYP/6-31+G (d) and B3LYP/6-

311++G (d, p) methods, respectively. The calculated 

bond distances of N1−C2, N1−C6, C2−C3 and C3−N4 

shows the difference as ~0.021Å, respectively. The 

electron donating and withdrawing substituent on the 

benzene ring, the symmetry of the ring is distorted, 

yielding variation in bond angles at the point of 
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substitution and at the Para position. The angles at the 

point of substitutions N1−C2−C3, N1-C6-C5 and C3-N4-

C5 are 121.22°, 121.07° and 117.32° in B3LYP method 

with 6-31+G (d) and B3LYP/6-311++G (d, p) basis sets. 

Compared with B3LYP method with 6-31+G (d) and 

6-311++G (d, p) basis of the bond lengths, bond angles 

and dihedral angles difference between theoretical 

approaches have been shown in Figure 2-4, 

respectively. 

 

 
 

Table 2. Optimized geometrical parameters of  2,-3-pyrazine dicorboxamide by B3LYP/6-31+G (d) and B3LYP/6-311++G (d, 

p) methods. 
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4.2. Vibrational spectral analysis 

In the present study, the spectroscopic signature of 

23PDC has been analyzed by the both experimental 

and theoretical FT-IR and FT-Raman spectra. The 

Cartesian representation of the theoretical force 

constant has been computed at the fully optimized 

geometry by assuming the molecule belongs to C1 

point group symmetry. The transformation force field 

from Cartesian to internal local symmetry coordinates, 

scaling the subsequent normal coordinate analysis 

(NCA), calculation of potential energy distributions 

(PED) results obtained from the MOLVIB program. 

 

A detailed description of vibrational modes can be 

given by means of normal coordinate analysis. The 

two distinct scale factors are used to fit the calculated 

wavenumbers with observed experimental 

wavenumbers. The observed the FT-IR and FT-Raman 

spectra of the title molecule shown in Figs.5. The 

observed FT-IR, FT-Raman wavenumbers and the 

calculated wavenumbers using DFT/B3LYP method 

with 6-31+G (d) and 6-311++G (d, P) basis sets along 

with their relative intensities, probable assignments of 

the compound are summarized in Table 3.  

 

Amino group vibrations 

The fundamental modes involving the amino group are 

stretching and bending of N−H bonds. For primary 

amines, N−H stretching vibrations occur in the region 

3500−3300 cm-1 [10−12]. The amino group has two 

stretching vibrations namely, asymmetric and 

symmetric. The asymmetric vibration is higher than 

symmetric vibration. In the present study, the 

asymmetric and symmetric vibrations of N−H bond are 

assigned at 3409 cm-1 in FT-IR and 3432 cm-1 in FT-

Raman, respectively. For in-plane bending vibration 

(scissoring) observed in the region 1623and1620 cm1 

[12] and out-of-plane bending vibration observed in 

the region 1150−900 cm-1 [13−16]. In the present 

compound 23PDC observed in−plane vibrations are 

found at  1623, 1620, 1546 and 1540cm-1 and the out-

of-plane bending vibrations are observed at 1196, 1190, 

1105 and 1100 cm-1. The theoretically computed values 

are B3LYP/6-31+G (d) and B3LYP/6-311++G (d, p) 

methods are approximately coinciding with their 

observed values is listed in Table 3. 

 

C-H vibrations 

For simplicity, modes of vibrations of aromatic 

compounds are considered as separate C–H or ring C–

C vibrations. However, as with any complex 

molecules, vibrational interactions occur and these 

labels only indicate the predominant vibration. 

Substituted benzenes have large number of sensitive 
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bands, that is, bands whose position is significantly 

affected by the mass and electronic properties, 

mesomeric or inductive, of the substituent’s [17, 18]. 

The aromatic structure of C−H stretching vibrations 

occur the three or four peaks in the region3000–3100 

cm−1, these are due to the stretching vibrations of the 

ring C–H bonds. Since the title compound 23PDC is a 

tri substituted aromatic system, it has two adjacent 

and one isolated C–H moieties. Accordingly, in the 

present study, the C–H stretching vibrations observed 

at 3182 cm−1. The theoretically computed values for 

C–H stretching vibrations at B3LYP/6-31+G (d) and 

B3LYP/6-311++G (d, p) methods are correlated with 

absorbed values. All the C–H vibrations are in line 

with the literature values. The C–H in-plane and out-

of-plane bending vibrations generally lies in the range 

1000–1300 cm−1and 1000–675 cm−1 [19, 20] their 

characteristic region. The FT-IR bands at 872cm-1 are 

assigned to C-H to in-plane bending vibration of 

23PDC. The C−H out-of-plane bending vibrations of 

the 23PDC are well identified at 1278, 1148 cm-1 in 

FT-Raman and 956 cm-1 in FT-IR. This drastic change 

in the usual behaviour of aromatic C–H stretching in 

this compound may be due to the presence of strong 

N–H stretching vibrations. 

 

Ring vibrations 

The ring C=C and C–C stretching vibrations, known 

as semicircle stretching usually occurs in the region 

1625−1400 cm−1 [22].The C=C stretching vibrations of 

the present compound are strongly observed at 1664, 

1514 and 1493 cm−1 in FT-Raman and 1622 cm-1 in 

FT-IR. These assignments are in line with the 

literature [23]. The bands for C–C stretching 

vibrations are observed at 1081 cm−1 in FT-Raman and 

1564, 1523 and 1075 cm-1 in FT-IR. All the bands lie 

in the expected range except the last band when 

compared to the literature values. Several ring modes 

were affected by the substitution to the aromatic ring 

of the title compound. This view shows the 

domination character of amine group. The C-N-C in-

plane bending vibrations observed at 724 cm−1 and 

computed values 654 and 597 cm-1. The out-of-plane 

bending vibrations at 428 and 336 cm−1 assigned only 

in FT-Raman and computed values are 411 and 375 

cm-1. Except last two values of out-of-plane bending 

vibrations, these assignments are in good agreement 

with the literature [24, 25]. The theoretically 

computed value B3LYP/6-31+G (d) and B3LYP/6-

311++G (d, p) basis sets values are good agreement 

with observed values. 

 

C−N vibrations 

The C–N stretching frequency is rather difficult task 

since there are problems in identifying these 

frequencies from other vibrations [26]. Silverstein [27] 

assigned C–N stretching absorption in the region 1386 

and 1266 cm−1 for aromatic amines. In the present 

work, the band observed at 1330cm−1 in FT-IR and 

1321 cm-1 in FT-Raman spectrum has been assigned to 

stretching vibration between carbon and nitrogen 

atoms which is in line with the literature [28−30]. In 

present case, the C−N in-plane bending and C–N out-

of-plane bending vibration have been assigned at 

362,350, and 268 cm−1 in B3LYP/6-31+G (d) and 

B3LYP/6-311++G (d, p), respectively. These 

assignments are in line with the literature values [31]. 

The reminder of the observed and calculated 

frequencies accounted in Table 3. This implies that 

the C–N vibrations are not much influenced by other 

substitutions in the ring and also this vibration not 

influenced by amine. 

 

C=O vibrations 

Carbonyl group vibrations in ketones are the best 

characteristic bands in vibrational spectra, and for this 

reason, such bands have been the subject of extensive 

studies [32, 33]. The intensity of these bands can 

increase because of conjugation, therefore, leads to the 

intensification of the Raman lines as well as the 

increased infrared band intensities. The carbonyl 

stretching vibrations in ketones are expected in the 

region 1715 and 1680 cm-1. In this case, a very strong 

band at 1674 cm-1 in FT-IR and strong band at 1671 
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cm-1 in FT-Raman spectra are assigned as C=O in-

plane bending vibration is found at 724 and 726 cm-1 

in FT-IR and FT-Raman values is well agreement with 

calculated values 765 and 762 cm1 at B3LYP method 

with 6-31+G (d) and 6-311++G (d, p) of basis sets. The 

out-of-plane bending vibration of 23PDC, 

theoretically calculated at 210and 207 cm-1 is excellent 

agreement with the literature value [34]. 

 

 

Table 3. Vibrational assignments of FT-IR and FT-Raman peaks along the theoretically computed wavenumbers, IR intensity 

(IIR) and Raman intensity (IRaman) and the percentage of potential energy distribution. 

S.No 

Observed wave 

number (cm
1

) 
Calculated wave number (cm

1
) 

Assignments 

with % of  PED FT-

IR 

FT-

Raman 

B3LYP/6-31+G  (d) B3LYP/6-311++G  (d, p) 

Un 

scaled 
Scaled IIR IRaman 

Un 

scaled 
Scaled IIR IRaman 

1  3432 3712 3440 75.9 52.895 3717 3441 457.2 259.55 NH2 ass(97) 

2 3409  3685 3413 34.0 58.021 3716 3410 256.2 197.70 NH2 ass(97) 

3  3316 3582 3322 54.2 155.755 3586 3320 199.0 141.61 NH2 ss(98) 

4 3285 3277 3565 3293 48.7 166.948 3583 3290 170.4 78.21 NH2 ss(99) 

5  3182 3205 3193 33.6 266.695 3178 3196 162.2 55.57 CH(91) 

6  3062 3188 3060 0.8 83.053 3161 3062 98.4 53.25 CH(96) 

7   1775 1700 342.9 35.086 1766 1695 84.2 44.25 CO(98) 

8   1766 1680 353.9 29.303 1759 1678 83.0 41.24 CO(97) 

9 1620 1623 1654 1626 85.9 7.027 1624 1619 79.6 38.96 NH2 sciss(69) 

10  1564 1621 1568 169.9 18.044 1601 1561 70.2 27.29 CC(66) 

11 1546 1540 1599 1548 7.7 29.140 1590 1541 59.7 24.99 NH2 sciss(68) 

12  1523 1591 1532 4.3 44.055 1577 1420 54.7 19.90 CC(63) 

13 1446 1450 1485 1453 15.4 0.974 1475 1447 53.4 18.16 CCN(62) 

14 1395  1456 1399 9.7 30.584 1445 1392 53.0 14.38 CCN(63) 

15  1350 1399 1357 185.9 8.622 1383 1352 46.5 13.30 CCN(61) 

16 1330 1321 1363 1327 90.8 10.012 1349 1352 45.7 11.82 CN(77) 

17  1256 1261 1358 4.6 0.776 1253 1323 32.9 8.53 CN(76) 

18  1230 1246 1234 15.1 3.329 1230 1357 29.1 7.29 CCN(60) 

19 1190 1196 1214 1198 39.6 17.400 1203 1228 25.5 7.21 NH2 wag(61) 

20 1105 1100 1124 1107 15.8 3.602 1119 1193 23.1 6.86 NH2 wag(66) 

21 1081  1114 1088 34.7 6.077 1100 1103 20.5 4.16 CC(68) 

22  1075 1094 1079 18.0 0.679 1089 1077 20.2 3.45 CC(67) 

23 1058  1089 1061 4.7 37.832 1086 1060 19.6 3.19 CC(67),CH(7) 

24  956 988 960 0.1 0.332 988 954 17.3 3.15 CH(60),CC(67) 

25 872  884 877 15.7 0.365 884 870 16.1 3.13 CH(55), CC(67) 

26 765 762 790 768 6.1 3.132 793 760 12.1 1.98 CO(52) 

27  748 759 753 3.2 1.155 768 750 10.9 1.59 CCC(50) 

28 720 722 734 726 30.8 4.965 746 720 10.9 1.57 CO(53) 

29 706  721 711 5.9 0.564 730 707 10.6 1.54 CCC(47) 

30 651 660 677 666 12.0 14.218 780 657 9.0 1.54 CCC(53) 

31   628 614 25.6 1.944 629 612 8.4 1.51 CCC(52) 

32   619 609 9.5 1.055 620 605 5.8 1.38 CCC(60) 

33 581  614 590 1.1 0.399 604 580 5.7 1.26 NH2 rock(40) 

34 558  597 563 2.1 1.145 594 560 5.4 1.18 NH2 rock(43) 

35  512 539 516 42.7 0.872 543 519 5.1 1.00 CCN(42) 

36   503 489 60.4 0.963 507 491 4.6 0.94 CCN(40) 

37   441 433 72.2 0.272 439 431 4.6 0.88 CCN(43) 

38  425 433 422 126.7 0.740 436 420 3.9 0.81 CCN(42) 

39  362 375 367 4.1 3.326 380 363 3.8 0.71 CN(51) 

40  350 356 354 13.8 0.454 352 350 3.8 0.70 CN(53) 
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41   327 319 171.0 1.299 319 317 3.5 0.67 NH2 twis(43) 

42  268 296 272 20.5 2.221 300 265 3.5 0.66 CN(47) 

43  237 242 243 13.0 1.764 244 239 3.3 0.61 CN(43) 

44  143 156 147 10.2 3.245 162 142 2.2 0.57 NH2 twis(40) 

45  112 142 117 6.7 0.710 144 113 2.0 0.49 CCC(43) 

46   99 93 2.2 1.510 100 92 1.2 0.35 CCC(42) 

47   67 66 12.8 1.369 74 64 0.3 0.34 CCC(41) 

48   22 20 13.7 3.909 11 10 0.2 0.30 CCC(46) 

ass – asym stretching, ss – sym stretching, ipb – in-plane-bending, opb – out-of-plane bending, sb – symd 

bending, ipr – in-plane rocking, opr – out-of-plane rocking, sciss – scissoring, rock – rocking, wagg – wagging, 

twist – twisting. 

Assignments: ν - stretching, β - in-plane bending, γ- out-of-plane bending. 

 

4.3. Mulliken atomic charges 
The Mulliken atomic charges calculation has an 

important role in the application of quantum 

mechanical calculations to molecular system [35] 

because of atomic charges effect dipole moment, 

molecular polarizability, electronic structure and 

more a lot of properties of molecular systems. 

Mulliken atomic charges calculated at the 

DFT/B3LYP/6-31+G (d) and /6-31++G (d) methods is 

presented in Table 4. It is worthy to mention that H15 

atom is more acidic due to more positive charge. The 

Mulliken atomic charges of the phenol group 

hydrogen atom N9 are higher than the aromatic group 

and methyl group hydrogen. It denotes that the 

phenol group hydrogen atoms are more acidic than 

the aromatic and methyl group hydrogen atoms, 

however that the high value 0.422193e and 0.3031e 

for H15 in B3LYP and  methods with 6-31+G (d) ,6-

311++G (d, p) basis sets. The N9 atom exhibit high 

negative charge is −0.8546e− for B3LYP/6-31+G (d) 

and −0.3979e− for 6-311++G (d, p) methods. The 

results can however better represent in graphical form 

as given Figure 6, respectively. 

 

 

Table 4. Mulliken’s population analysis of 2,3-pyrazine dicorboxamide at B3LYP/6-31+G (d) and B3LYP/6-311++G (d, p) 

methods. 

S. No. Atom No. 
Mulliken’s Atomic charges 

B3LYP/6-31+G (d) B3LYP/6-311++G (d, p) 

1 N1 -0.2685 -0.0696 

2 C2 0.0206 0.6007 

3 C3 0.2956 -0.3116 

4 N4 -0.1873 0.0623 

5 C5 -0.0749 -0.0102 

6 C6 0.1013 0.1156 

7 C7 0.2490 -0.2361 

8 O8 -0.4971 -0.2818 

9 N9 -0.8546 -0.3979 

10 H10 0.4321 0.3270 

11 H11 0.4216 0.2705 

12 C12 0.3347 -0.5154 

13 O13 -0.4362 -0.2705 

14 N14 -0.7569 -0.2592 

15 H15 0.4222 0.3031 

16 H16 0.3920 0.2499 

17 H17 0.2006 0.2153 

18 H18 0.2058 0.2078 
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4.4. Frontier molecular orbitals 

The most important frontier molecular orbital’s 

(FMOs) such as highest occupied molecular orbital 

(HOMO) and lowest unoccupied molecular orbital 

(LUMO) plays a crucial part in the chemical stability 

of the molecule [36]. The HOMO represents the 

ability to obtain an electron. The frontier orbital gap 

helps to characterize the chemical reactivity, kinetic 

stability, optical polarizability and chemical hardness-

softness of a molecule [37]. A molecule with a small 

frontier orbital gap is more polarizable and is 

generally associated with a high chemical reactivity, 

low kinetic stability and is also termed as soft 

molecule [38]. The low values of frontier orbital gap 

in 23PDC make it more reactive and less stable. The 

HOMO is the orbital that primarily acts as the 

electron donor and the LUMO is the orbital that 

primarily acts as the electron acceptor. The 3D plot of 

the frontier orbital’s HOMO and LUMO, and their 

orbital energy gaps are calculated by B3LYP method 

with 6-31+G (d) and 6-311++G (d, p) basis sets for 

23PDC molecule are shown in Fig. 7. The positive 

phase is red and the negative one is green (for 

interpretation of the references to color in this text, 

the reader is referred to the web version of the article). 

Many organic molecules, containing conjugated π-

electrons characterized by large values of molecular 

first hyperpolarizabilities were analyzed by means of 

vibrational spectroscopy [39] 

Generally, the energy gap between the 

HOMO and LUMO decreases, it is easier for the 

electrons of the HOMO to be excited. The energy of 

HOMO, to easier it is for LUMO to accept electrons 

when the energy of LUMO is low. The energy gap 

values of HOMO to LUMO levels are computed to be 

ΓE= 4.132 and 4.101eV for B3LYP methods with 6-

31G+ (d) and 6-311++G (d, p) basis sets, respectively. 

In the case of 23PDC, the smallest energy gap of 

values are identified between the HOMO and LUMO 

with the help of B3LYP/6-31+G (d) and B3LYP/6-

311++G (d, p) methods in Table 5. Pauling introduced 

the concept of electronegativity as the power of an 

atom in a compound to attract electrons to it. 

Hardness (η), chemical potential (μ), electronegativity 

(χ), global softness (σ), ionization potential (I), 
electron affinity (A) and global electrophilicity (ω) are 

defined follows: 

 
where E is the total energy, N is the number of 

electrons of the chemical species and η is the chemical 

potential and V(r) is the external potential, which is 

identified as the negative of the electronegativity (χ) 

as defined by Iczkowski and Margrave [40]. According 

to Koopman’s theorem [41], the entries of the HOMO 

and the LUMO orbital’s of the molecule are related to 

the ionization potential (I) and the electron affinity 

(A), respectively, by the following relations: 

 
where  I and A are ionization potential and electron 

affinity of the compound respectively. Electron 

affinity refers to the capability of ligand to accept 

precisely one electron from a donor. However, in 

many kinds of bonding viz covalent hydrogen 

bonding, partial charge transfer takes place). Absolute 

electronegativity (χ) and hardness (η) of the molecule 

are given by [42], respectively. Softness (σ) is a 

property of compound that measures the extent of 

chemical reactivity. It is the reciprocal of hardness. 
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     Parr et al. [43] have defined global electrophilic 

power of the compound as electrophilicity index (ω) 

in terms of chemical potential and hardness as follows. 

 
All the calculated values of quantum chemical 

parameters of the molecules in B3LYP method with 6-

31+G (d) and 6-311++G (d, p) basis sets are presented 

in Table 5. 

 

 
 

Table 5. Comparison of HOMO and LUMO energy gap and related molecular properties of  2,3-pyrazine dicorboxamide at 

B3LYP/6-31+G (d) and B3LYP/6-311++G (d, p) methods. 

 

Molecular 

properties 

Energy 

(a.u) 

Energy 

gap 

(eV) 

Ionization 

potential 

(I) 

Electron 

affinity 

(A) 

Global 

Hardness 

() 

Electro 

negativity 

(χ) 

Global 

softness 

(υ) 

Chemical 

potential 

(μ) 

Global 

Electrophilicity 

(ω) 

B3LYP/6-31+G(d) 

HOMO -0.2571 
4.1328 6.998 2.865 2.066 4.932 358.32 4.932 33.9422 

LUMO -0.1053 

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

HOMO -0.2588 
4.101 7.044 2.942 2.050 4.993 361.04 4.993 34.529 

LUMO -0.1081 

 

4.5. Molecular electrostatic potential (MEP) 

Molecular electrostatic potential (MEP) at a point in 

the space around a molecule gives an indication of the 

net electrostatic effect produced at that point by the 

total charge distribution (electron + nuclei) of the 

molecule and correlates with dipole moments, electro 

negativity, partial charges and chemical reactivity of 

the molecule. It provides a visual method to 

understand the relative polarity of the molecule. V(r), 

at a given point r(x, y, z) in the vicinity of a 

compound, is defined in terms of the interaction 

energy between the electrical charge generated from 

the compound electrons and nuclei and positive test 

charge (a proton) located at r. Unlike, many of the 

other quantities used at present, and earlier as indices 

of reactivity V(r) is a real physical property that can 

be determined experimentally by diffraction or by 

computational methods. For the systems studied the 

molecular electrostatic potential values were 

calculated as described previously, using the equation 

[43]. 
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Where the summation runs over all the nuclei A in 

the compound and polarization and reorganization 

effects are neglected. ZA is the charge of the nucleus A, 

located at RA and ρ(r') is the electron density function 

of the molecule.An electron density is surface mapped 

with electrostatic potential surface depicts the size, 

shape, charge density and site of chemical reactivity of 

the molecule, the electron density isosurface being 

0.002a.u. The different values of the electrostatic 

potential represented by different colors; red 

represents the regions of the most negative 

electrostatic potential, blue represents the regions of 

the most positive electrostatic potential and green 

represents the region of zero potential. Potential 

increases in the order red < orange < yellow < green < 

blue. Such mapped electrostatic potential surfaces 

have been plotted for title molecule. Fig.8 shows the 

plot of molecular electrostatic potential surface of 

23PDC along with the computationally derived 

electrostatic potential and electrostatic point charges 

on its individual atoms. It is clear from the figure that 

the atoms N1, N14, N9, C2and O13 holds significant 

electronegative charges and the atoms C2, C5, H10, H10 

and C12 holds significant positive charges. The halogen 

group in the molecule is influenced by the stereo 

structure and the charge density distribution. These 

sites show regions of most negative electrostatic 

potential and high activity of the halogen groups. The 

fitting point charge to the electrostatic potential 

indicates that the atom F12, And F13 are the most 

electronegative (-1.01244 and -0.5362) atom for 

23PDC molecule. As we have mentioned earlier, the 

electrostatic potential has been used primarily for 

predicting sites and relative reactivity’s towards 

electrophilic attack, and in studies of biological 

recognition and hydrogen bonding interactions [45, 

46]. 

 
 

V. CONCLUSION 

 

The present work for the proper vibrational frequency 

assignments for the compound of 23PDC from the FT-

IR and FT-Raman spectra have been recorded for the 

first time. The equilibrium geometries, harmonic 

vibrational frequencies, IR intensities and Raman 

intensities of the title compound were determined and 

analyzed by both at DFT/B3LYP level of theory 

utilizing 6-31+G (d) and 6-311++G (d, p) basis sets. We 

have carried out density functional theory calculations 

on the structure, vibrational spectra, electric dipole 

moment, polarizability and the hyperpolarizability, 

HOMO−LUMO analyses of the compound. On the 

basis of agreement between the calculated and 

experimental results assignments of all the 

fundamental vibrational modes of 23PDC are 

examined and proposed in this investigation. The 

electric dipole moments and first hyperpolarizability 

of the compound studied have been calculated by 

DFT/B3LY method with 6-31+G (d) and 6-311++G (d, 

p) basis sets. The DFT calculated non-zero μ value of 

this ligand shows that the 23PDC compound might 

have microscopic first hyperpolarizability with non-

zero values obtained by the numerical second 

derivatives of the electric dipole moment according to 

the applied field strength. The lowering of 

HOMO−LUMO energy gap explains the eventual 
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charge transfer interactions takes place within the 

molecule. The MEP map shows the negative potential 

sites are oxygen atoms O8 and O13 as well as the 

positive potential sites on the molecules. 
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