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ABSTRACT 

Quantum chemical techniques like the DFT have become a key tool in the analysis of 

molecular structure and vibrational spectrum and are finding widespread use in the 

applications related to biological systems. Experimental and theoretical investigations 

on the molecular structure, electronic and vibrational characteristics of Isosorbide 

Mononitrate are presented in this work. DFT/B3LYP calculations were used to obtain 

the vibrational frequencies using 6-311++G (d,p) basis set. This was compared with 

experimental FT-IR and FT-Raman spectral data and was in good agreement with the 

simulated spectra. The complete optimization of the molecular equilibrium geometry 

of the title compound was carried out. Quantum chemical calculations of the 

equilibrium geometry and the complete vibrational assignments of wavenumbers 

using potential energy distribution (PED) were calculated using the VEDA software. 

HOMO-LUMO has been calculated using the DFT method. Energy gap (ΔE), 

electronegativity (χ), chemical potential (μ), global hardness (η), softness (S) and the 

Fukui function were calculated for the title molecule. The stability and charge 

delocalization of the title molecule were studied by Natural Bond Orbital (NBO) 

analysis, Non Linear Optical (NLO) behavior in terms of first order 

hyperpolarizability, dipole moment and anisotropy of polarizability and Molecular 

Electrostatic Potential (MEP) were calculated. Thermodynamic properties of the title 

molecule were studied and the correlations between heat capacity (C), entropy (S) and 

enthalpy changes (H) with temperatures were analyzed. The charge distribution has 

been studied with the help of Mulliken population analysis. 

 

Keywords: DFT; FT-IR; FT-Raman; HOMO-LUMO; Vasodilator; NBO Analysis. 

1. INTRODUCTION 
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Isosorbide mononitrate (C6H9NO6) is a drug used primarily in the treatment of angina 

pectoris and acts by dilating the blood vessels so as to reduce the blood pressure. It is 

sold by AstraZeneca under the trade name Imdur. Isosorbide mononitrate is the key 

for the prophylactic cure of angina pectoris; to prevent or at least reduce the 

occurrence of angina[1-2]. Investigation on Isosorbide mononitrate as a cervical 

ripener (during birth) is also underway[3]. Isosorbide mononitrate is a key metabolite 

of isosorbide dinitrate and has similar effects[4]. Isosorbide mononitrate diminishes 

the workload of the heart by creating the venous and arterial dilation. It lowers 

intramural pressure by reducing the end diastolic pressure and volume leading to an 

improvement in the subendocardial blood flow[5-6]. When administered, Isosorbide 

mononitrate reduces workload of the heart and improves oxygen supply and balance 

of the myocardium. It is also used to prevent Isosorbide Mononitrate to check 

recurring variceal bleeding[7]. 

Literature survey reveals that so far there are no detailed spectroscopic and theoretical 

studies on the title compound. In this present study, a detailed spectroscopic approach 

of Isosorbide mononitrate is reported using B3LYP/6-311++G(d,p) level of the 

theory. Molecular properties like dipole moment, polarizability, and first order 

hyperpolarizability, molecular electrostatic potential and thermodynamic parameters 

have been calculated for the title compound. The frontier molecular orbitals such as 

HOMO and LUMO determine the way the molecule interacts with other species 

which enable us to characterize the chemical reactivity of the molecule. The natural 

bond orbital (NBO) analysis has been applied to analyze the stability of molecule 

arising from hyper conjugative interaction and charge delocalization. In addition the 

thermodynamic properties were also calculated. 

2. EXPERIMENTAL 

Solid form of Isosorbide Mononitrate purchased from Sigma-Aldrich Chemical 

Company(USA), with a purity of more than 98%  was used without any further 

purification. The FT-IR spectrum of the compound was recorded in the region 

between 4000 cm
-1

 and 450 cm
-1

 in SAIF IIT Chennai, India, using KBr pellet 

technique on Perkin Elmer Spectrum1 spectrometer. The FT-Raman spectrum for the 

sample was recorded in the region 4000 cm
-1

 to 50 cm
-1

 using Nd:Yag laser 1064nm 

on Bruker RFS 27 spectrophotometer at SAIF, IIT Chennai, India.  

3. COMPUTATIONAL DETAILS 

The complete set of theoretical calculations was carried out with DFT method 

Gaussian software package [8]. Optimized molecular structure, vibrational spectra, 

molecular electrostatic potential, were calculated using the B3LYP function with 6-

311++G(d,p) as the basis set. A scaling factor of 0.960 above 3000 cm
-1

 and 0.961 

below 3000 cm
-1

 were applied to the calculated harmonic vibrational frequency 

calculations for B3LYP/6-311++G(d,p) [9,10]. Potential Energy Distribution (PED) 

analysis was carried out for the entire set of fundamental modes of vibration using the 

VEDA 4 program in order to explain the calculated vibrational frequencies [11], 
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which is a widely used method [12-14]. The experimental and theoretical IR and 

Raman spectrums were compared with the help of Origin and Gabedit software. 

Chemcraft (graphical software) was used to generate the molecular structure with the 

numbering scheme for atoms and the geometrical parameters (Bond length and Bond 

Angle). Properties like first order hyperpolarizability, dipole moment, anisotropy of 

polarisability of Isosorbide mononitrate were calculated theoretically using the basis 

set 6-311++G(d,p) at B3LYP level in order to understand the non linear optical 

behavior of the compound. Highest occupied molecular orbital (HOMO) and lowest 

unoccupied Molecular orbital (LUMO) energies were determined so that the way in 

which the molecule interacts with other species can be determined. Surface mapping 

based on the electrostatic potential was done for the title compound using Gauss View 

software [15]. The Natural Bond Analysis (NBO) [16] was carried out for the title 

compound with 6-311++G(d,p) basis set using B3LYP level to provide a clear 

evidence of stabilization originating from hyper conjugation of different 

intramolecular interactions. 

4. RESULTS AND DISCUSSIONS 

4.1 Molecular Geometry 

The DFT method in conjunction with the basis set B3LYP/6-311++G(d,p) was used 

to calculate the optimized structure parameters for Isosorbide mononitrate and have 

been listed in Table1 in accordance with the numbering scheme shown in Fig.1. 

A crystal system which is structurally similar to the title compound, whose crystal 

structure has been solved, was taken to compare the results with the obtained 

optimized structure as the exact crystal structure of the title compound was not 

available. 

An X-ray study of the a dioxaphosphorinane compound, which contains a nitro group 

and two fused oxolane rings, having similar structure to that of the title compound has 

been selected as the experimental data [17,18]. The small deviation found between the 

experimental and theoretical geometry can be due to the fact that theoretical 

calculations were carried out on a free molecule, neglecting the intermolecular and 

intramolecular interactions which are prevalent in the solid form. The highest bond 

length was found to be C1-C5(1.54Å). The deviation between the experimental and 

theoretical bond length was found to be lesser than 0.05 Å except for the one between 

C3-C4 and C5-O6. The homonuclear bond lengths were found to be greater than 

hectronuclear bond length, the reason being that same charges repel but opposite 

charges attract. The deviation between the experimental and theoretical bond angles 

were found to be with the range 0.2º-6 º. Hence the reliability criterions of the 

calculated structural parameter were more or less satisfied [19]. 
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Fig 1: Numbering scheme for the optimized molecular structure of Isosorbide Mononitrate. 

Table 1: Selected optimized parameters of Isosorbide Mononitrate {Bond Length (Å) and Bond Angle(°)} 

  
B3LYP/6-

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

311++G(d,p) Experimental* 

Bond 

Length(Å) 

Bond 

Angle(°) 

C1-O2          1.42 1.42 O2-C1-C5        106.7 110 

C1-C5          1.54 1.53 O2-C1-C8        112.4 112.8 

C1-C8          1.54 1.52 O2-C1-H14       109.1 - 

O2-C3          1.44 1.43 C1-O2-C3        110.8 109.1 

C3-C4          1.52 1.44 C1-C5-O6        106.9 109 

C4-C5          1.54 1.56 C1-C8-O10       108.8 109 

C4-O9          1.43 1.42 O2-C3-C4        106.4 109.1 

C5-O6          1.44 1.33 O2-C3-H16       109.9 - 

O6-C7          1.43 1.41 C3-C4-O9        108.3 108.5 

C7-C8          1.53 1.51 C5-C4-O9        111.1 113.3 

C8-O10         1.44 1.46 O9-C4-H17       111.7 - 

O12 -N11      1.43 1.41 O6-C5-H18       108.7 - 

N11-O12        1.21 1.23 C5-O6-C7        110.6 112.8 

N11-O13        1.2 1.2 O6-C7-C8        104 110 

   
O6-C7-H20       111.3 - 

   
C7-C8-O10       115.3 113.3 

   
O12-N11-13     129.9 128 

*Taken from Ref. [17,18] 

 

 

 

4.2 Vibrational Analysis 
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The title compound Isosorbide mononitrate has 22 atoms and hence has 60 normal 

modes of vibration. The small discrepancies in the experimental and theoretical 

vibrational wave numbers points to the fact that the theoretical calculation were made 

for a free molecule in vacuum but the experimental analysis was carried out for the 

sample in solid form. Table 2 gives the theoretical (unscaled, scaled) and 

experimental frequencies. The absolute intensity for each frequency is the percentage 

of the ratio between the corresponding relative intensity and the peak value of the 

relative intensity. Theoretical and experimental graphs of both FT-IR and FT Raman 

are given in Fig 2 and Fig 3 respectively. The Potential energy distribution was 

calculated and the vibrational assignments have been made with the help of VEDA 

software. 

 

 

 

 

 

 

 

 
Fig 2: 
Theor
etical 

and experimental FT-IR.  Fig 3: Theoretical and experimental FT-Raman 

Table 2: Calculated and vibrational wavenumber, measured IR and Raman band position (cm-1) and assignments of 
Isosorbide Mononitrate 

 
Frequencies(cm

-1
) 

IR Intensity Raman Activity Vibrational Assignments(%PED) 
MODE Experimental Theoretical 

 
IR RAMAN Unscaled Scaled Relative Absolute Relative Absolute 

 
60 

 
3580 3592 3448 41 9 110 67 ʋ OH(100) 

59 
  

3125 3000 11 2 94 58 ʋ CH(93) 

58 
  

3109 2985 18 4 111 68 ʋ CH(92) 

57 
 

2980 3087 2963 38 8 163 100 ʋ CH(95) 

56 
  

3075 2952 1 0 34 21 ʋ CH(96) 

55 
  

3060 2938 24 5 118 72 ʋ CH(91) 

54 
  

3054 2931 39 9 97 59 ʋ CH(93) 

53 
  

3020 2899 40 9 95 58 ʋ CH(87) 

52 2901 2888 3013 2893 27 6 63 39 ʋ CH(93) 

51 1643 1616 1714 1647 452 100 6 4 ʋ ON(95) 

50 
  

1523 1463 5 1 5 3 ß HCH(80) 

49 1428 1457 1506 1447 4 1 6 4 ß HCH(77) 

48 
 

1370 1424 1369 3 1 2 1 ß HOC(19) +ß HCO(18) + 
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ω CCCH(17) 

47 1366 
 

1412 1357 5 1 3 2 ß HCO(48) + τ HCOC(17) 

46 1341 
 

1384 1330 2 0 5 3 ß HCO(27) + τ HCOC(14) 

45 
  

1363 1310 14 3 3 2 ß HCO(25) + τ HCOC(11) 

44 
  

1351 1298 1 0 1 0 ß HCO(32) + τ HCOC(10) 

43 1284 
 

1339 1286 65 14 3 2 ß HCO13 + ω CCCH(11) 

42 
  

1324 1272 34 8 6 4 
ß HCO(44) + τ HCOC(11) + 

ω CCCH(12) 

41 
 

1261 1316 1265 69 15 3 2 
ʋ ON13 + ß HCO(25) + 

τ HCON(13) 

40 
  

1309 1257 128 28 7 4 
ʋ ON(25) + ß HCO12 + 

τHCON( 23) 

39 
  

1280 1230 18 4 3 2 ß HOC(10) +τ HCOC(18) 

38 
 

1211 1273 1223 13 3 7 4 ß HCO12 + τ HCOC(51) 

37 
  

1231 1183 2 0 3 2 ß HCO(72) 

36 
  

1216 1169 8 2 2 1 ß HCO(40) 

35 
 

1120 1212 1165 41 9 5 3 
ß HOC16 + ß CCO16 + 

ω OCCC(10) 

34 1091 1091 1134 1089 72 16 1 1 ʋ OC(23) 

33 
  

1124 1080 1 0 3 2 ʋ OC(25) 

32 
  

1104 1061 54 12 2 1 ʋ OC(28) + ß HCO(10) 

31 
 

1057 1094 1051 19 4 2 1 ʋ OC(49) 

30 1036 
 

1064 1023 86 19 5 3 ʋ OC(41) 

29 
  

1053 1012 32 7 3 2 ʋ CC(21) 

28 
  

1023 983 127 28 3 2 ʋ OC(12) + τ HCON(10) 

27 
  

972 934 45 10 4 3 ʋ OC(21) + τ HCOC(18) 

26 
 

948 956 919 21 5 0 0 ʋ CC(12 )+ ʋ OC(28) + ß COC(14) 

25 899 
 

939 902 18 4 4 3 ʋ CC(26) + ʋ OC13 

24 874 876 889 854 29 6 2 1 ʋ OC13 + τ HCOC15 

23 
 

850 878 844 14 3 2 1 ʋ CC(17) + ʋ OC(11) 

22 
  

863 829 181 40 33 20 ʋ ON(20) + ß ONO(43) 

21 
  

855 821 11 2 12 7 ʋ OC(27) + ʋ CC(10) 

20 
 

816 847 814 117 26 2 1 ʋ OC(13) + ß ONO(16) 

19 773 748 775 745 7 2 1 0 ß COC(21) + ω OCCC(10) 

18 
  

764 734 13 3 1 0 ω OOON(95) 

17 
  

737 708 65 14 3 2 
ß ONO(16) + ß CCC(11) + 

ß NOC(16) 

16 
 

687 685 659 12 3 10 6 
ʋ ON(32) + ß ONO(27) + 

ß OCC(10) + ω OCC(10) 

15 607 591 613 589 8 2 1 1 ß OCC(12) 

14 
 

506 593 570 9 2 1 1 
ʋ ON10 + ß ONO(26) + 

ß OCC(12) 

13 
 

439 465 447 4 1 1 0 τ HCOC(11) + τ COCC(11) 

12 
 

378 402 387 7 2 3 2 ʋ OC(13) + ß OCC(27) 

11 
 

354 368 354 3 1 1 0 ß OCC(39) 

10 
  

338 324 5 1 4 2 ß OCC(35) 

9 
  

282 271 129 29 2 1 τ HOCC(77) 

8 
 

248 259 249 12 3 2 1 
ß OCC(10_ + ß NOC(20) + 

τ HOCC(18) 

7 
  

213 205 3 1 2 1 ß NOC(16) + τ COCC(19) 

6 
 

190 172 165 5 1 0 0 
ß OCC(11) + ß NOC(13) + 

τ HCOC(10) 

5 
  

134 129 1 0 0 0 
τ CCOC(20) +τ CCCO(24)+ 

τ COCC(15) 

4 
  

95 92 3 1 0 0 
τ CCCO(14)+ τ COCC(11) + 

ωOCCC(23) 

3 
 

72 86 83 1 0 1 1 τ ONOC(30) +τ NOCC(23) 

2 
  

58 56 1 0 1 1 τ ONOC(44) +τ NOCC(18) 

1 
  

44 42 0 0 0 0 τ CCCO(19)+ τ NOCC(48) 

Abbreviations: ʋ-stretching vibration; ß-in plane bending; ω-out of plane bending; τ-torsion 

4.2.1 O-H Vibrations 
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The presence of an O-H group leads to three modes of vibration, viz. stretching, in-

plane bending and out of the plane bending vibrations. O-H stretching vibrations are 

are characterized by broad bands in the region 3600-3400cm
-1

[20]. These vibrations 

are more sensitive towards hydrogen bonding [21]. The presence of hydrogen bond 

alters the frequencies of stretching and bending vibrations. These bands move to a 

lower frequency with greater intensity and band broadens in the hydrogen bonded 

species. The presence of hydrogen bonding in five or six member ring system would 

decline the O–H stretching band to 3550-3200 cm
-1

 region [22]. In the present study, 

the peak corresponding to 3448cm
-1

 is in the DFT method is due to the O-H vibration. 

The peak at 3580cm
-1

 of the Raman band also corresponds to the O-H stretching 

vibration.  The PED contribution of O-H stretching is found to be 100%, which 

suggest that it is a pure stretching mode. 

4.2.2 C-H Vibrations 

The characteristic wavenumber region for C-H stretching in the aromatic compounds 

is 3100-3000 cm
-1

[23]. These are not affected by the type of the substituent to a great 

extend [24,25]. In the current study, we have 6 peaks that correspond to the C-H 

Stretching vibration in B3LYP/6-311++G(d,p). They are 3013, 2997, 2976, 2965, 

2950, 2944, 2912 cm
-1

. The peak at 2980cm
-1

 in Raman band corresponds to C-H 

stretching. The PED contribution ranges from 87-96%. 

4.2.3 NO Vibrations 

One of the most characteristic bands in the spectrum of nitro compounds owed to NO2 

stretching vibration. It is very useful not only due to the spectral position but also 

because of the strong intensity as well [26]. The asymmetric NO2 stretching vibrations 

are found in the region 1580±80 cm
-1

, whereas the symmetric NO2 stretching 

vibrations are expected to be in the region 1380±20cm
-1

. In this case the strong band 

observed at 1643cm
-1

 in FT-IR, 1616 in FT-Raman and 1652 cm
-1

 in B3LYP/6-

311++G(d,p) corresponds to NO stretching vibration with a PED contribution of 95%. 

Modes numbered 41(13), 40(25%), 22(20%), 16(32%), 14(10%) have notable PED 

contribution. Peaks at 832, 816, 710, 661, 572 cm
-1

 in theoretical wavenumber 

corresponds to in plane bending NO2 with PED ranging from 43% to 16% and is 

found that to be in agreement with the experimental values. 

4.3 Non-Linear optical effects 

One of the major areas of today’s research is on Non linear Optics as it provides the 

vital functions for emerging technologies in the areas of telecommunication, signal 

processing and interconnections, which include frequency shifting, optical 

modulation, optical switching, optical logic and optical memory [27,28]. The dipole 

moment, polarizability and first order hyperpolarizability for Isosorbide mononitrate 

have been calculated using the basis set B3LYP/6-311++G(d,p) and are listed in the 

table 3. The first order hyperpolarizability of the title compound was found to be 

1.95x10
-31

e.s.u which is greater than that of the first order hyperpolarizability of 
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Urea(0.372 x10
-31

e.s.u) which is the prototypical molecule used to evaluate the  NLO 

properties of a compound [29]. 

Table 3: The calculated values of dipole moment µ (D), polarizability (α0), first order hyperpolarizability (βtot) 
components of Isosorbide Mononitrate. 

PARAMETER 
B3LYP/6-

311++G(d,p) 
PARAMETER 

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

µx 0.216 βxxx -46.916 

µy -0.771 βxxy 16.078 

µz 1.182 βxyy -46.446 

µ(D) 1.427 βyyy -70.306 

αxx 79.340 βzxx -36.127 

αxy 1.649 βxyz 52.256 

αyy 85.780 βzyy -14.286 

αxz 21.076 βxzz -100.687 

αyz -15.019 βyzz 76.658 

αzz 110.872 βzzz -62.372 

α (a.u) 91.997 βtot (a.u) 225.563 

α (e.s.u) 1.36x10-23 βtot (e.s.u) 1.95x10-30 

∆α (a.u) 140.418 
  

∆α0 (e.s.u) 2.08x10-23 
  

 

4.4 Frontier Molecular Orbital Analysis 
 

One of the vital tools quantum chemistry offers is the study of the HOMO (highest 

occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital). 

HOMO can be regarded as the outer most orbital which contain electrons and tends to 

give these electrons away (electron donor), whereas LUMO can be considered as the 

inner most orbital containing free places to accept electrons [30]. The graphical 

representation of HOMO and LUMO is shown in Fig 4. The HOMO energy for the 

title compound was found to be -7.627eV and LUMO energy -2.41eV. The energy 

gap (energy difference between the HOMO and LUMO orbitals) was found to be 

5.215eV. It serves as an important stability factor for the compound [31]. The energy 

gap for the title compound confirms that the molecule has stable structure. Lower the 

energy gap, easier the electrons are excited from the ground state to excited state.  

Properties like Chemical potential (µ), Electro negativity (χ), Global hardness (η), 

Electrophilicity, Softness (S) can be calculated using the following relations based on 

the energy value of HOMO and LUMO [32]. These have been listed in table 4. 
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                  Fig 4: Plot for HOMO-LUMO of Isosorbide Mononitrate. 

Table 4: Calculated energy values of title compound using B3LYP/6-311++G(d,p) method. 

 

 

 

 

 

 

 

 

*
Chemical potential (µ) = 

1

2
(ELUMO + EHOMO) 

*
Electro negativity (χ) = -µ = - 

1

2
(ELUMO + EHOMO) 

*
Global hardness (η) =  

1

2
(ELUMO - EHOMO) 

*
Electrophilicity = 

µ

2η
 

*
Softness (S) = 

1

η
         

*
[33-35] 

Energy of 7.67eV is necessary to remove an electron from HOMO which is indicated 

by the ionization potential. Lesser the value of electron affinity shows higher 

molecular reactivity with the nucleophiles. Higher hardness and lower softness values 

prove the higher molecular hardness associated with the molecule. The 

electrophilicity index helps in describing the biological activity of title compound[36-

38]. 

 

 

 

4.5 Molecular Electrostatic Potential (MEP) 

 

Complete mapping of the title compound was carried out based on the electrostatic 

potential on the surface. MEP diagram gives the three dimensional visualization of the 

charge distributions and the charge related properties of the molecule. With the help 

of the MEP diagram we can easily predict the possible sites of electrophillic and 

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

HOMO(eV) -7.627 

LUMO(eV) -2.412 

Ionization potential 7.627 

Electron affinity 2.412 

Energy gap(eV) 5.216 

Electronegativity 5.020 

Chemical potential -5.020 

Chemical hardness 2.608 

Chemical softness 0.192 

Electrophilicity index 4.831 
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nucleophillic attack on the compound and are useful in hydrogen bond interaction as 

well as in biological recognition process [39]. Electrostatic potential of the region on 

the surface of the compound is differentiated by means of colour coding. Red 

indicates region with most electronegative electrostatic potential; blue represents 

region with most electropositive electrostatic potential; and green denotes the area 

with zero potential. The electrostatic potential scales in the order of red < orange < 

yellow < green < blue[40].  MEP diagram for the title compound using DFT is given 

in Fig 5. The colour code of this map ranges from -6.388eV to 6.388eV. From the Fig 

5 we can find that the red regions (negative) are localized near the O and N atoms 

which are the most probable site for electrophillic attack. The Blue region (positive) is 

found to be near the H atoms which are the most probable site for nucleophillic attack. 

The contour map of electrostatic potential validates the different negative and positive 

potential sites of the molecule in accordance with the total electron density surface 

map. 

  
Fig 5: Molecular Electrostatic Potential of the title compound. 

4.6 Thermodynamic properties 

 

The standard thermodynamic properties {heat capacity (Cp), entropy (S) and enthalpy 

changes (H)} for the title compound was determined using the Perl script 

THERMO.PL and are listed in table 5. The correlation equations between 

temperatures and heat capacity, entropy, enthalpy changes were fitted by quadratic 

formulae and the corresponding fitting factor (R
2
) were calculated and are shown 

below. 

C = 24.55451 + 0.61164T – 1.98633 x 10 
-4 

T
2
(R

2
 = 0.998)  

S = 242.6446+ 0.75975T – 1.9403 x 10
 -4 

T 
2
 (R

2
 = 0.99984)  

H = –1.15135 + 0.04486T + 2.35094 x 10 
-4 

T
2
 (R

2
 = 0.9999) 

The above equation can be used to study the title compound further. The Gibbs free 

energy of reaction that will help to find the spontaneity of the reaction can be studied 

[41].  
Table 5: Deviation of thermodynamic property with temperature. 

 
T(K) Sm

0
(J/mol.K) Cp,m(J/mol.K) Hm

0
(kJ/mol) 

100 314.699 88.614 6.062 

200 389.764 133.355 17.144 
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Fig 6: Correlation graph for thermodynamic properties  
(Entropy, Heat capacity, Enthalpy) vs. Temperature. 

 

4.6 Fukui function  
 

Fukui function is accepted as the local density functional descriptors to depict 

chemical reactivity and selectivity. Fukui function is introduced to predict 

electrophillic and nucleophillic reactions within a molecule. Fukui functions can be 

calculated using the following equations: 

f k 
-
 = q k (N)-q k (N-1) for electrophilic attack 

f k
+

 = q r (N+1)-qk(N) for nucleophilic attack 

f k
0
 =1/2 [q k(N+1)-q k(N -1) ]for radical attack 

In these equations, qk is the charge at the kth atomic site is the neutral (N), anionic 

(N+1), cationic (N-1) chemical species [42-45]. 

The local softness is related to Fukui function as follows: 

 sk-ƒk- = Sf 
-
k              for electrophilic attack         

sk+ ƒk+= Sf
+

k              for nucleophilic attack 

sk0 ƒk0 = Sf
0

k            for radical attack 

The regions of a molecule where the Fukui function is large are chemically softer than 

the regions where the Fukui function is small. Fukui functions and local softness for 

selected atomic sites in the title compound are listed in Table 6. It has been found that 

for the title compound the possible sites for nucleophillic attack is O2,C3,C4,O9. The 

radical attack was predicted at C3,C4,C8. 

 
 

Table 6: Fukui function fk and descriptors (sf)k 

Atoms fk
 + fk

 - fk 
0 (sƒ)k

+ (sƒ)k
- (sƒ)k

0 

C1 -0.38378 0.035404 -0.17419 -0.08025 0.007403 -0.03642 

O2 0.047566 -0.14238 -0.04741 0.009946 -0.02977 -0.00991 

C3 0.393086 0.037917 0.215502 0.082194 0.007928 0.045061 

C4 0.475569 0.028801 0.252185 0.099441 0.006022 0.052732 

298.15 452.346 184.752 32.696 

300 453.492 185.77 33.039 

400 514.371 239.239 54.329 

500 572.865 285.232 80.628 

600 628.274 322.315 111.075 

700 680.27 351.978 144.844 
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C5 -0.01584 0.006364 -0.00474 -0.00331 0.001331 -0.00099 

O6 -0.0181 -0.13446 -0.07628 -0.00379 -0.02812 -0.01595 

C7 -0.07466 0.055548 -0.00956 -0.01561 0.011615 -0.002 

C8 0.328943 0.049427 0.189185 0.068782 0.010335 0.039559 

O9 -0.04519 -0.07068 -0.05794 -0.00945 -0.01478 -0.01211 

O10 -0.10969 -0.02005 -0.06487 -0.02294 -0.00419 -0.01356 

N11 -0.29941 -0.01918 -0.15929 -0.06261 -0.00401 -0.03331 

O12 -0.05515 -0.0437 -0.04943 -0.01153 -0.00914 -0.01034 

O13 -0.09636 -0.0977 -0.09703 -0.02015 -0.02043 -0.02029 

H14 -0.24755 -0.09733 -0.17244 -0.05176 -0.02035 -0.03606 

H15 -0.02192 -0.10285 -0.06238 -0.00458 -0.02151 -0.01304 

H16 -0.24165 -0.07058 -0.15611 -0.05053 -0.01476 -0.03264 

H17 -0.06094 -0.06822 -0.06458 -0.01274 -0.01426 -0.0135 

H18 -0.04679 -0.08468 -0.06574 -0.00978 -0.01771 -0.01375 

H19 -0.06513 -0.11342 -0.08927 -0.01362 -0.02372 -0.01867 

H20 -0.05365 -0.0597 -0.05667 -0.01122 -0.01248 -0.01185 

H21 -0.1525 -0.06291 -0.10771 -0.03189 -0.01315 -0.02252 

H22 -0.25687 -0.02563 -0.14125 -0.05371 -0.00536 -0.02953 

 

4.7 NBO Analysis 

Natural bond orbital analysis helps to investigate the charge transfer or conjugative 

interaction in molecular systems. NBO analysis was performed on the title compound 

at B3LYP/6-311++G(d,p) level in order to explain the intramolecular, rehybridizaion 

and delocalization of electron density within the molecule [46]. From the second 

order perturbation approach the hyper conjugative interaction energy was deduced. 

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

 related 

with electron delocalization between donor and acceptor is estimated as 

  E
(2)

 =  ΔEi j =  
𝑞𝑖( 𝐹𝑖𝑗  )2

𝜀𝑗−𝜀𝑖
 

where qi is the donor orbital occupancy εj and εi are diagonal elements, Fij  is the off 

diagonal NBO Fock matrix element [47]. The larger the E
(2)

 value the more intensive 

is the interaction between electron donors and greater the extend of conjugation of the 

whole system. 

The hyperconjugative interaction of σ to σ
*
 transition occur from various bonds in the 

title compound. The σ (C1-C8) to their antibonding σ
*
 (O10-N11) leads to a 

stabilization energy of 5.73 kcal/mol. The most interaction energy, related to the 

resonance in the molecule is the electron donating from LP(3) O13 to the antibonding 

σ
*
(N11-O12) which leads to a stabilization energy of 96.41kcal/mol as shown in 

Table 7. 
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Table 7: Second order perturbation theory analysis of Fock matrix in selected NBO basis calculated at 
B3LYP/6-311++G(d,p) 

DONOR TYPE ED/e ACCEPTOR TYPE ED/e 

E(2)
a
 E(j)-E(i)

b
 F(i,j)

c
 

(kcal/mol) a.u a.u 

C1 - C8 σ 1.94911 O10 - N11 σ* 0.36274 5.73 0.58 0.056 

C1 - H14 σ 1.98025 C5 - O6 σ* 0.02676 2.51 0.84 0.041 

C3 - H15 σ 1.98538 C4 - O9 σ* 0.01985 2.11 0.8 0.037 

C3 - H16 σ 1.98483 C1 - O2 σ* 0.02803 2.63 0.82 0.042 

C3 - H16 σ 1.98483 C4 - C5 σ* 0.02894 1.25 0.9 0.03 

C4 - C5 σ 1.96553 C1 - O2 σ* 0.02803 1.96 0.94 0.038 

C4 - C5 σ 1.96553 O6 - C7 σ* 0.01746 2.23 0.95 0.041 

C4 - H17 σ 1.97765 C3 - H15 σ* 0.03071 1.97 0.87 0.037 

C4 - H17 σ 1.97765 C5 - O6 σ* 0.02676 2.23 0.82 0.038 

C5 - H18 σ 1.97762 C1 - O2 σ* 0.02803 2.5 0.83 0.041 

C7 - C 8 σ 1.98163 C1 - H14 σ* 0.03547 2.24 1.01 0.043 

C7 - H19 σ 1.98572 C8 - O10 σ* 0.03366 2.2 0.8 0.038 

C7 - H20 σ 1.98182 C5 - O6 σ* 0.02676 2.79 0.83 0.043 

C7 - H  20 σ 1.98182 C8 - O10 σ* 0.03366 2.45 0.8 0.04 

C8 - H21 σ 1.97559 C1 - O2 σ* 0.02803 1.91 0.84 0.036 

O9 - H22 σ 1.98848 C4 - C5 σ* 0.02894 1.94 1.13 0.042 

O10 - N11 σ 1.97181 O10 - N11 σ* 0.36274 2.19 0.65 0.037 

O10 - N11 σ 1.97181 N11 - O13 σ* 0.06804 4.21 0.96 0.057 

N11 - O12 σ 1.99765 N11 - O12 σ* 0.03298 3.61 0.41 0.04 

O   2 LP (1) 1.96748 C3 - H16 σ* 0.01667 2.1 0.95 0.04 

O   2 LP (2) 1.91476 C1 - C5 σ* 0.04146 3.14 0.68 0.042 

O   2 LP (2) 1.91476 C1 - H14 σ* 0.03547 7.44 0.67 0.064 

O   2 LP (2) 1.91476 C3 - C4 σ* 0.0323 3.19 0.7 0.043 

O   2 LP (2) 1.91476 C3 - H15 σ* 0.03071 7.45 0.66 0.064 

O   6 LP (2) 1.90823 C1 - C5 σ* 0.04146 2.67 0.68 0.039 

O   6 LP (2) 1.90823 C5 - H18 σ* 0.04167 10.15 0.67 0.075 

O   6 LP (2) 1.90823 C7 - C8 σ* 0.03604 2.42 0.68 0.037 

O   6 LP (2) 1.90823 C7 - H19 σ* 0.02825 7.9 0.67 0.066 

O   9 LP (2) 1.90823 C3 - C4 σ* 0.0323 2.99 0.74 0.042 
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O   9 LP (2) 1.90823 C4 - H17 σ* 0.0366 9.3 0.7 0.072 

O  10 LP (1) 1.97867 N11 - O12 π* 0.03298 2.97 1.29 0.055 

O  10 LP (2) 1.88071 C7 - C8 σ* 0.03604 5.24 0.71 0.056 

O  10 LP (2) 1.88071 C7 - H19 σ* 0.02825 0.62 0.7 0.019 

O  10 LP (2) 1.88071 C 8 - H21 σ* 0.03223 6.72 0.69 0.062 

O  10 LP (2) 1.88071 N11 - O12 σ* 0.52254 14.51 0.21 0.055 

O  12 LP (1) 1.97665 N11 - O13 σ* 0.06804 3.69 1.08 0.057 

O  12 LP (2) 1.74897 O10 - N11 σ* 0.36274 65.18 0.28 0.125 

O  12 LP (2) 1.74897 N11 - O13 σ* 0.06804 19.96 0.6 0.103 

O  13 LP (1) 1.9839 N11 - O12 π* 0.03298 3.94 1.42 0.067 

O  13 LP (2) 1.84759 O10 - N11 σ* 0.36274 32.48 0.27 0.089 

O  13 LP (2) 1.84759 N11 - O12 π* 0.03298 6.53 0.93 0.072 

O  13 LP (2) 1.84759 N11 - O13 σ* 0.06804 2.52 0.59 0.035 

O  13 LP (3) 1.5527 N11 - O12 σ* 0.52254 96.41 0.16 0.114 

O10 - N11 σ* 0.36274 C8 - O10 σ* 0.03366 3.23 0.35 0.068 

O10 - N11 σ* 0.36274 N11 - O13 σ* 0.06804 3.01 0.32 0.06 

 

a E(2) is the energy of the hyper conjugative interaction(stabilization energy). 
bEnergy difference between donor and acceptor i and j NBO orbitals. 
cF(i,j) is the Fock matrix element between i and j NBO orbitals. 

 

4.8 Mulliken Population Analysis 

The charge distribution of the title compound was analyzed using Mulliken method 

with B3LYP/6-311++G(d,p)  level theory. It depicts charge of each atom in the 

molecule. Distribution of positive and negative charges also has an effect on the bond 

length [48]. From Fig it can be seen that hydrogen atoms are positively charged 

whereas the magnitude of atomic charges on oxygen atom were calculated to be both 

positive and negative. Nitrogen atoms have large negative charge and behave as 

electron donor (Fig 7).  
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Fig 7: Mulliken charge distribution for atoms of Isosorbide mononitrate using B3LYP/6-311++ G(d,p) 

5. Conclusion 

Spectroscopic (FT-IR, FT-Raman,), NLO, NBO, MEP and thermodynamic function 

of Isosorbide mononitrate was analyzed using B3LYP/6-311++G(d,p) basis set. The 

complete vibrational assignments and the calculation of Potential Energy Distribution 

(PED) were carried out using the VEDA 4 software. The experimental results are in 

conformity with the theoretical values derived from structural parameters, vibrational 

frequencies, infrared intensities and Raman activities. The Non-Linear Optical (NLO) 

properties were calculated theoretically and it was found that the predicated first 

hyperpolarizability value is greater than that of Urea. This points to the fact the title 

compound show good NLO effects. The HOMO and LUMO energies were calculated 

and the energy gap was determined as 5.215eV. The electrophilicity values were 

calculated from the HOMO and LUMO energies and found to be significantly high. 

This confirms that the title compound is biologically active. The predicted MEP 

diagram gives out the negative and positive regions of the molecule. NBO analysis 

was done on the title compound and it showed that the intra molecular charge transfer 

occurs between the bonding and antibonding orbitals. The thermodynamic properties 

of the title compound were calculated for different temperatures, and the correlations 

among the properties and temperatures were obtained. This data in turn will prove to 

be useful for further study on the title compound with relation to thermodynamic 

properties. The charge distribution was also found out using the Mulliken population 

analysis. 
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