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ABSTRACT 
Medicinal plants have always had an important place in the therapeutic armoury of mankind.     β-Asarone mainly 

found in Acorus calamus L., Araceae, is one of the main bioactive constituents of its essential oil. In this 

communication, we have presented the geometry optimization, molecular electrostatic potential surface, frontier 

orbital energy gap and vibrational wavenumbers of β-asarone using density functional theory (DFT/B3LYP) method 

employing 6-311G(d,p) basis set. A complete vibrational assignment has been done on the basis of an isolated 

molecule. The electronic transition has been calculated in the gas phase as well as in solvent environment (integral-

equation formalism polarizable continuum model; IEF-PCM) using TD-DFT/6-31G basis set. 

 

Keywords:  β-asarone, vibrational spectroscopy, DFT, MESP, HOMO-LUMO. 

 

INTRODUCTION 

Recently, focus on plant research has increased all over the world and a large body of evidence 

has been collected to show immense potential of medicinal plants used in various traditional 

systems. Despite the successes that have been achieved over the years with natural products, the 

interest in them as a platform for drug discovery has waxed and waned in popularity with various 

pharmaceutical companies as sources of new drug leads.  

 

β-Asarone (cis-2,4,5-trimethoxy-1-propenylbenzene) is a major active principle found in Acorus 

calamus L., of family Araceae, also known as “sweet flag” because of its characteristic sweet 

odour when fresh. A. calamus and the essential oil of its rhizome serve mainly as an insecticide 

and insect repellent. The rhizomes of A. calamus possess insecticidal, larvicidal, antitermite, and 

larva and insect-repellent properties. In Ayurvedic medicine, the rhizomes are considered to 

possess antispasmodic, caminative, and anthelmintic properties and are used to cure many 

disorders, such as epilepsy, and mental disceases [1-9]. 

 

In this study, we have used ab initio and the density functional theory (DFT) [10] for molecular 

characterization of the β-asarone, which is gaining more attention in molecular characterization 

and additional interpretation of the vibrational spectroscopic [11] data to understand the 

structure-activity relationship. Our past experience shows that the DFT can be used satisfactorily 

for vibrational analysis of large molecules [12-15]. Hence, the Raman [16] and IR [17] spectra of 

β-asarone molecule have been analyzed by ab initio and DFT. Moreover, we have interpreted the 

calculated spectra in terms of the potential energy distribution (PED). Information about the 

geometry and structure of the molecule and its molecular electrostatic potential surfaces (MESP) 

are useful for understanding the relationship between molecular structure and biological activity. 
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Further, we have made the calculations for the electronic transition properties of the molecule 

both in the gas phase as well as in ethanol solvent environment (IEF-PCM model) using TD-

DFT/6-31G method [18-20]. The frontier energy orbital gap with the HOMO-LUMO plot has 

been made to understand the intramolecular charge transition property (ICT) of the molecule. 

 

MATERIALS AND METHODS 

Geometry optimization, an important issue in molecular mechanics, was performed as the first 

task of the computational work for the β-asarone molecule taking the parameters available from 

Pub Chem Data [21]. It requires in particular the sensitivity of the interaction energy with respect 

to the change of the molecule’s shape which is in general induced by the movement of the nuclei 

positions. The molecular structure, vibrational frequencies and energies of the optimized 

geometries of β-asarone were calculated employing the DFT [10] method using Gaussian 09 [22] 

program package employing 6-311G(d,p) basis set based on Becke’s three parameters (local, 

non-local, Hartree-Fock) hybrid exchange functional with Lee-Yang-Parr correlation functional 

(B3LYP) [23-25]. The basis set 6-311G(d,p) augmented by ‘d’ polarization functions on heavy 

atoms and ‘p’ polarization functions on hydrogen atoms as well as diffuse functions for both 

hydrogen and heavy atoms were used [26,27]. The absolute Raman intensities and IR absorption 

intensities were calculated in the harmonic approximation at the same level of theory as used for 

the optimized geometries associated with each normal mode, respectively. The normal mode 

analysis was performed and the PED was calculated along the internal coordinates using 

localized symmetry. For this purpose, a complete set of 87 internal coordinates were defined 

using Pulay’s recommendations [28,29]. The vibrational assignments of the normal modes were 

made on the basis of the PED calculated by using the program GAR2PED [30]. Visualization 

and confirmation of calculated data were done by using the CHEMCRAFT Program [31]. 

 

RESULTS AND DISCUSSION 

Geometry optimization 

Geometry optimization has been taken as the first task taking the parameters (available on Pub 

Chem Data base). The optimized ground state structure of -asarone has been given in the Fig. 1. 

The optimized parameters (parameters for hydrogen atoms are removed) of the ltitle molecule 

calculated by B3LPY/6-311G(d,p) are listed in the Table 1. 

 

 

 
Fig. 1 Optimized structure of -asarone. 
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Table 1. Selected optimized paramers of -asarone by B3LYP/6-311G(d,p) basis set. 

Bond lengths (Å) Bond angles (
o
) Dihedral angles (

o
) 

R(1,5)                  1.38 A(5,1,12)              114.78 D(12,1,5,4)            88.36 

R(1,12)                  1.43 A(6,2,13)              118.41 D(12,1,5,9)            -93.36 

R(2,6)                   1.37 A(7,3,15)              116.52 D(5,1,12,20)           -61.29 

R(2,13)                  1.42 A(5,4,8)               117.60 D(5,1,12,21)           179.52 

R(3,7)                   1.37 A(5,4,10)              119.48 D(5,1,12,22)            60.62 

R(3,15)                  1.43 A(8,4,10)              122.79 D(13,2,6,7)           -175.97 

R(4,5)                   1.40 A(1,5,4)               120.36 D(13,2,6,8)            2.41 

R(4,8)                   1.41 A(1,5,9)              118.84 D(6,2,13,23)            60.18 

R(4,10)                  1.47 A(4,5,9)               120.78 D(6,2,13,24)          -62.41 

R(5,9)                   1.39 A(2,6,7)               116.11 D(6,2,13,25)           178.82 

R(6,7)                   1.41 A(2,6,8)               124.50 D(15,3,7,6)            -66.26 

R(6,8)                   1.39 A(7,6,8)               119.37 D(15,3,7,9)            118.00 

R(7,9)                   1.39 A(3,7,6)               122.25 D(8,4,5,1)             176.36 

R(8,16)                  1.08 A(3,7,9)               118.56 D(8,4,5,9)             -1.88 

R(9,17)                  1.08 A(6,7,9)               119.05 D(10,4,5,1)              0.50 

R(10,11)                 1.34 A(4,8,6)               121.98 D(10,4,5,9)           -177.74 

R(10,18)                 1.09 A(4,8,16)              118.37 D(5,4,8,6)              1.17 

R(11,14)                 1.50 A(6,8,16)              119.56 D(5,4,8,16)          -175.46 

R(11,19)                 1.09 A(5,9,7)               121.19 D(10,4,8,6)            176.88 

  A(5,9,17)              119.95 D(10,4,8,16)             0.25 

  A(7,9,17)              118.84 D(5,4,10,11)          -146.18 

  A(4,10,11)            128.85 D(5,4,10,18)           32.31 

  A(4,10,18)             113.84 D(8,4,10,11)            38.19 

  A(11,10,18)            117.29 D(8,4,10,18)          -143.32 

  A(10,11,14)            128.48 D(1,5,9,7)            -177.12 

  A(10,11,19)           116.48 D(1,5,9,17)            1.22 

  A(14,11,19)            115.01 D(4,5,9,7)               1.15 

    D(4,5,9,17)           179.49 

    D(2,6,7,3)              1.67 

    D(2,6,7,9)             177.40 

    D(8,6,7,3)            -176.80 

    D(8,6,7,9)             -1.07 

    D(2,6,8,4)           -178.04 

    D(2,6,8,16)            -1.45 

    D(7,6,8,4)               0.29 

    D(7,6,8,16)           176.88 

    D(3,7,9,5)             176.25 

    D(3,7,9,17)            -2.11 

    D(6,7,9,5)               0.36 

    D(6,7,9,17)          -178.00 
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Molecular Electrostatic Potential Surface 

In this study, the electrostatic potential (ESP), electron density (ED) and molecular electrostatic 

potential (MESP) maps have been mapped for β-asarone as shown in Fig. 2. In ESP, the negative 

potential is localized near the oxygen atoms and reflects by the yellowish blobs, while the 

positive potential is localized on the rest surface. However, the ED plot of the title molecule 

shows uniform distribution.  The molecular electrostatic potential (MESP), the force acting on a 

positive test charge located at point through the electrical charge cloud generated through the net 

charge of molecule (electrons and nuclei), has been a widely used entity in the chemical 

literature, generally employed as a tool for probing electron rich regions [32-36]. The MESP at a 

point r in molecular framework with nuclear charges ZA located at RA and electron density ρ(r) is 

given by a relation 

 , 

 where N is the total number of nuclei in the molecule. The first term on the right hand side of the 

above equation represent the contribution due to nucleus and second due to electrons, 

respectively. When the latter contribution overrides the former one, the net MESP attains a 

negative value, providing information about electron-rich sites.   

 

MESP correlates the total charge distribution with dipole moment, electronegativity, and 

partial charges and site of chemical reactivity of a molecule. The projections of molecular MESP 

of β-asarone along the molecular plane and a perpendicular to the plane are given in Fig. 2c. It 

provides a visual method to understand the relative polarity of a molecule and serves as a useful 

quantity to explain hydrogen bonding, reactivity and structure-activity relationship of molecules 

including biomolecules and drugs. It is the potential energy of a proton at a particular location 

near a molecule. Despite the fact that the molecular charge distribution remains unperturbed 

through the external test charge (no polarization occurs) the electrostatic potential of a molecule 

is still a good guide in assessing the molecules reactivity towards positively or negatively 

charged reactants. Different values of the electrostatic potential at the surface of a molecule 

appear with the different colours. In general the attractive potential appears in red coloured 

regions and those of repulsive potential appear in blue. Negative electrostatic potential 

corresponds to an attraction of the proton by the concentrated electron density in the molecules 

(from lone pairs, pi-bonds, etc.). Positive electrostatic potential corresponds to repulsion of the 

proton by the atomic nuclei in regions where low electron density exists and the nuclear charge is 

incompletely shielded. In the title molecule the negative potentials are located near the oxygen 

atom of methoxy groups while the positive potentials are located near the hydrogens of the same 

groups. 

 



KATHMANDU UNIVERSITY JOURNAL OF SCIENCE, ENGINEERING AND TECHNOLOGY   

VOL. 9, No. II, December, 2013, pp 1-14. 

5 
 

 

Fig. 2 (a) Electrostatic potential surface (b) electron density and (c) molecular electrostatic 

potential surface mapped between -4.551e-2 to +4.551e-2. 

 

Electronic Transition and HOMO-LUMO 

To understand electronic transitions on terms of energies and oscillator strengths, calculations 

have been performed in the gas phase as well as in the ethanol solution (IEF-PCM model) using 

the TD-DFT/6-31G method [18-20]. Both the frontier molecular orbitals, highest occupied 

molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) are the main 

orbitals taking part in chemical reaction. The HOMO is the outermost (highest energy) orbital 

containing electrons that could act as an electron donor. The LUMO is the innermost (lowest 

energy) orbital that has room to accept electrons and can act as the electron acceptor. According 

to the frontier molecular orbital theory, the formation of a transition state is due to an interaction 

between the frontier orbitals (HOMO and LUMO) of reactants [37]. 

 
Table 2. Electronic transitions, absorption wavelength λmax (nm), excitation energy (eV), oscillator 

strengths (f), frontier orbital energies (eV) and dipole moment (Debye) of β-asarone. 
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                        Fig. 3  HOMO and LUMO plot of the β-asarone molecule. 

 

The HOMO-LUMO gap energies along with the energies of different orbits, their wavelengths 

and oscillator strengths both in the gas phase and the solvent environment are listed in the Table 

2. The most important electronic transition in the gas phase was calculated at 273.98 nm with 

oscillator strength 0.1780. The other transitions were calculated at 246.04 and 217.18 nm with 

the oscillator strengths 0.1967 and 0.0555, respectively. 

 

The HOMO-LUMO plot has been given in the Fig. 3. The energy of the HOMO is directly 

related to the ionization potential and the energy of the LUMO is directly related to the electron 

affinity. High value of HOMO energy is likely to indicate a tendency of the molecule to donate 

electrons to appropriate acceptor molecule of low empty molecular orbital energy. The lower 

values of LUMO energy show more probability to accept electrons.  From the Fig. 3, it is clearly 

visible that in the isolated molecule the charge density is shifting from one portion of the 

Excited 

State 

Calculated Transition 

type/ 

assignments Gas Phase Ethanol 

λmax 

(nm) 

Transitions E(ev) Oscillator 

strength (f) 

λmax 

(nm) 

Transitions E(ev) Oscillator 

strength (f) 

1 

2 

3 

4 

273.98 

246.04 

217.18 

205.80 

H→L 

H+1→L 

H+2→L 

H+3→L 

4.5253 

5.0391 

5.7089 

6.0245 

0.1780 

0.1967 

0.0555 

0.0312 

275.41 

246.96 

216.27 

205.16 

H→L 

H-1→L 

H-2→L 

H-3→L 

4.5018 

5.0204 

5.7327 

6.0434 

0.2368 

0.2351 

0.0622 

0.0510 

π→π
 * 

 

 

π→π
 * 

EHOMO (eV) ELUMO (eV) ∆E (eV) μ(D)  

5.39721713 -0.43219860 4.96501853 3.1778 

5.58581931 -0.60020176 4.98561755 4.1239 
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molecule to the other. In case of LUMO the charge is mainly accumulated from the phenyl ring 

and the cis C=C portion. In LUMO the charge is acquired by the same parts significantly.  

 

Vibrational assignments 

The title molecule has 31 atoms, hence it gives 87 (= 3N-6) normal modes of vibrations. All the 

vibrational modes are IR and Raman active. Since the vibrational wavenumbers obtained from 

the DFT calculations are higher than the experimental wavenumbers, they were scaled down by 

the wavenumber linear scaling procedure (WLS) [νobs/νcal = (1.0087 – 0.0000163 x νcal) cm
-1

] of 

Yoshida et al. [38]. All the calculated vibrational wavenumbers reported in this study are the 

scaled values. The calculated IR and Raman spectra of the β-asarone molecule are given in Figs. 

4 and 5, respectively. 

 

The Raman scattering cross sections, ∂σj/∂Ω, which are proportional to the Raman intensities, 

may be calculated from the Raman scattering amplitude and predicted wavenumbers for each 

normal modes using the relationship [39,40] 
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where Sj and υj are the calculated scattering activities and the predicted wavenumbers, 

respectively, of the j
th

 normal mode, υ0 is the Raman excitation wavenumber and h, c and k are 

the universal constants. The assigned wavenumbers of the vibrational modes calculated at 

B3LYP level with the basis set 6-311G(d,p) along with their PED are given in Table 3. The 

assignments of vibrational modes of different functional groups and the phenyl ring have been 

discussed.  

 

Methyl group vibrations 

For a molecule containing a methoxy group, the electronic charge is back donated from the lone 

pair of electrons on oxygen atom to the σ* orbital of C-H bonds causing weakening of the C-H 

bonds. This is followed by an increase in C-H bond distance and the decrease in C-H force 

constant. This can result in enhancement of IR band intensities of the C-H stretching modes [41-

43]. The CH3 group has several modes associated with it, such as; symmetric and asymmetric 

stretching, bends, rocks, and torsions. Almost the pure asymmetric stretching of Me1, Me2, Me3 

and Me4 are calculated in the range 2972-2905 cm
-1

 in the scaled DFT. The symmetric stretching 

modes for these groups are calculated in the range 2862-2853 cm
-1

. Both the asymmetric and 

symmetric deformations of these methyl groups are calculated on the range 1475-1432 cm
-1

, as 

listed in the Table 3. The rocking mode of CH3 group usually appears in the region 1070-1010 

cm
−1

 [44]. The rocking modes are calculated below 1192 cm
-1

. 
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 Table 3 Calculated wavenumbers (cm
-1

) of β-asarone.        

DFT Intensity 
a
PED (%) 

unscaled scale

d 

IR Raman 

3222 3053 3.99 16.31 R[υ(CH)](99)                                                                                                                  

3198 3031 2.57 47.88 R[υ(CH)](99)                                                                                                                  

3155 2993 25.53 77.29 υ(CH)(93)   

3131 2972 24.80 63.70 Me2[υa(CH3)](97)                                                                                              

3129 2970 24.05 66.98 Me3[υa(CH3)](98)                                                                                                        

3128 2969 20.24 33.79 υ(CH)(81)+Me4[υa(CH3)](11)                                                                                     

3119 2961 37.97 77.40 Me1[υa(CH3)](100)                                                                                              

3104 2947 6.43 30.85 Me4[υa(CH3)](73)+υ(CH)(18)   

3091 2935 39.16 36.15 Me3[υa(CH3)](99)                                                                                         

3059 2906 40.81 27.24 Me2[υa(CH3)](99)                                                                                                   

3058 2905 35.96 17.68 Me1[υa(CH3)](99)                                                                                                    

3054 2902 25.35 76.00 Me4[υa(CH3)](99)                                                                                             

3010 2862 74.08 81.57 Me3[υs(CH3)](98)                                                                                          

3006 2859 37.31 136.17 Me4[υs(CH3)](98)                                                                                           

3001 2854 37.13 64.87 Me2[υs(CH3)](89)+Me1[υs(CH3)](30)                                                                         

2999 2853 63.84 35.56 Me1[υs(CH3)](88)+Me2[υs(CH3)](30)                                                                          

1700 1653 0.92 

 

606.30 υ(C=C)(48)+[ρ(15)+δ(11)][HC=CH)](11)+δ(C4C10C11)(17)+ρ(C4C10C1

1)(15) +υ(C11C14)(5)+R[υ(C4C10)](5)  

1641 1597 19.27 545.78 R[υ(CC)(61)+δa(19)+δin(CH)(13)]   

1596 1554 17.01 76.72 R[υ(CC)(76)+δ’a( 9)]   

1534 1496 214.99 12.18 R[υ(CC)(35)+δin(CH)(26)+υ(CO)(23)]     

1512 1475 9.73 37.88 [δa(80)+δ’a( 9)+ρ’(8)][Me3(CH3)]                                                                                             

1507 1470 53.76 17.12 [δa(76)+ρ’(7)][Me2(CH3)]  

1504 1467 12.96 32.36 [δ’a(46)+δa(35)+ρ’(7)][Me1(CH3)] +δa[Me2(CH3)](7)    

1494 1458 15.56 52.03 [δ’a(41)+δa(9)][Me4(CH3)]+δ’a[Me2(CH3)](39)    

1492 1456 8.31 139.50 

 

δa[Me4(CH3)](25)+δs[Me2(CH3)](20)+[δs(16)][Me3(CH3)]+δs[Me1(CH3)](

11)                                                                    

1492 1455 3.45 31.03 δ’a[Me2(CH3)](49)+[δ’a(17)+δa(14)][Me4(CH3)]                                                                                         

1489 1453 2.21 26.08 [δa(35)+δ’a(29)[Me1(CH3)]+[δa(11)+δ’a(8)][Me4(CH3)]  

1487 1451 9.25 39.55 [δa(25)+δ’a(22)[Me4(CH3)]+[δa[(22)+δ’a(8)][Me1(CH3)]    

1485 1449 12.28 34.94 [δ’a(71)+δa(10)+ρ(5)][Me3(CH3)]+δs[Me1(CH3)](7)   

1479 1443 0.09 12.21 δs[Me2(CH3)](50)+δs[Me1(CH3)](32)+δ’a[Me3(CH3)](5)                                                                                                

1467 1432 34.26 19.67 δs[Me3(CH3)](55)+δs[Me1(CH3)](23)+δs[Me2(CH3)](5)                                                                                                

1439 1405 33.77 

 

74.11 [ρ(26)+δ(18)][HC=CH]+R[υ(C11C14)(11)+υ(C4C10)(8)+υ(CC)(5)]+δs[M

e4(CH3)](14)+δ(C4C10C11)(6)   

1419 1386 54.96 26.10 R[υ(CC)](32)+ρ[HC=CH)](11)+δs[Me4(CH3)](9)+δs[Me3(CH3)](7)   

1404 1371 7.07 44.01 δs[Me4(CH3)](73)+ρ[HC=CH)(14)]                                                                                                       

1337 1308 48.54 376.23 R[υ(CC)(35)+υ(CO)(34)]+ρ[HC=CH)](7)                                                              

1321 1292 49.97 146.33 [δ(27)+ρ(21)][HC=CH]+R[υ(CC)](39)    

1274 1248 88.99 27.64 [δ(37)+ρ(35)][HC=CH)]+R[δin(CH)](8)                                                                                                 

1263 1237 4.21 21.00 [δ(37)+ρ(34)][HC=CH)]+R[δin(CH)](12)                                                                                            

1234 1209 197.67 23.32 R[υ(CO)(28)+δtrig(14)]+[ρ(9)+δ(5)](HC=CH)+υ(C13O)(6)+ρ’[Me3(CH3)](
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6)                                                  

1216 1192 43.38 28.80 [ρ’(33)+ρ(10)][Me1(CH3)]+ρ’[Me3(CH3)](12)+R[υ(CO)(15)+δin(CH)(9)]    

1212 1188 4.62 12.45 [ρ’(48)+ρ(16)+δa(5)] [Me2(CH3)]+ρ’[Me3(CH3)](10)    

1197 1174 65.66 13.75 (ρ’+ρ)[Me3(CH3)](29)+(ρ’+ρ)[Me1(CH3)](22)+R[δtrig](9)+ρ’[Me2(CH3)](

5)                                                          

1176 1153 105.13 11.90 R[δin(CH)(29)+υ(CO)(20)]+ρ’[Me3(CH3)](8)+υ(C15O)(8)+υ(C12O)(5)                                             

1172 1149 1.33 11.07 [ρ(65)+ρ’(25)][Me2(CH3)]    

1169 1147 16.82 11.22 [ρ(70)+ρ’(24)][Me1(CH3)]    

1169 1146 0.28 17.37 [ρ(67)+ρ’(21)][Me3(CH3)]+ρ[Me2(CH3)](5)    

1139 1118 50.07 58.43 R[υ(C4C10)(15)+υ(CO)(14)+δtrig(8)]+υ(C13O)(10)+υ(C12O)(8) 

1097 1078 14.56 4.20 

 

[δ(33)+ρ(18)(HC=CH)+δ(C4C10C11)(12)+[ρ(11)+ρ’(9)][Me4(CH3)]+R[υ

(C11C14)](6)                                                                       

1061 1042 80.81 4.96 υ(C13O)(54)+υ(C12O)(11)+R[υ(CC)(8)+δin(CH)(7)+δtrig(5)]+υ(C15O)(5)    

1060 1041 16.81 

 

19.86 

 

[ρ(36)+ρ’(34)+δ’a(5)][Me4(CH3)]+δ[oop(HC=CH)](10)+τ(C10C11)(7)+  

δ[oop(C4C10C11C14)](7)                                                                           

1037 1019 85.69 47.18 υ(C15O)(42)+υ(C12O)(40)+R[ δtrig](5)  

1010 994 2.15 150.81 δ[oop(HC=CH)](79)+τ(C10C11)(10)    

996 979 14.58 

 

39.90 

 

υ(C15O3)(21)+υ(C12O)(19)+υ(C13O)(9)+R[υ(C4C10)(6)+υ(CO) 

(6)+δa(5)]    

933 918 10.27 

 

19.57 

 

R[υ(C11C14)](56)+δ(C4C10C11)(10)+ρ’[Me4(CH3)](8)+υ(C=C)(6)+ρ[M

e4(CH3)](5)    

906 892 26.74 11.69 R[oop(CH)(77)+τ’a(6)]    

875 862 14.28 7.68 R[oop(CH)(54)+puck( 19)+oop(CH)(11)]   

855 843 22.20 23.11 [ρ(22)+δ(11)](HC=CH)+R[υ(CO)(12)+υ(C4C10)(6)]    

797 786 19.09 59.86 τ(C10C11)(30)+R[oop(C4C10)(15)+oop(C5O)(13)+puck(8)+τa(7)]                                                                         

751 742 9.27 132.15 R[υ(CC)(27)+δ’a(20)+ δa(6)+υ(CO)(5)]+τ(C10C11)( 7)   

741 732 0.08 34.71 R[puck(40)+oop(CO)(37)]                                                                             

717 708 13.03 86.91 R[oop(CO)(32)+τa(17)]+τ(C10C11)(21)   

681 673 9.06 10.46 R[puck(26)+oop(CO)(18)+δtrig(8)+ρ(C4C10C11)(7)+δ(C4C10C11)(5)                                                      

644 637 12.20 

 

13.23 

 

R[δtrig](16)+δin(CO)(14)+υ(C4C10)(10)+δa(7)+δin(C4C10)(5)]+ρ(C4C10C

11)(8)      

613 607 5.94 72.96 R[δin(CO)(38)+δ(C6C13O)](8)+ρ(C4C10C11)(9)+ δ(C4C10C11)(8)                                                        

531 527 9.28 

 

181.89 

 

δ[oop(C4C10C11C14)](28)+R[oop(C4C10)(21)+τa(9)+δ(C5C12O)(8)]+τ(

C4C10)(6)    

509 505 2.46 17.05 R[oop(CO)(41)+τ’a(27)+δ(C7C15O)(10)]                                                                                

495 491 3.43 88.39 R[δ’a](19)+δ(C6C13O)(16)+puck(5)]+δ[oop(C4C10C11C14)](9)    

434 431 3.98 36.90 R[δa](16)+δ(C6C13O)(15)+τ’a(12)+τa(7)+oop(CO)(5)]                                                             

405 402 1.55 

 

66.16 

 

δ[oop(C4C10C11C14)](35)+R[puck(13)+oop(CO)(6)+τa(6)+oop(C4C10)(

5)]+τ(C10C11)(11)                                                            

377 374 2.32 

 

17.94 

 

R[δa](19)+δin(CO)](13)+δ(C6C13O)(5)]+δ(C4C10C11)(15)+[δ(13)+ρ(8)](

HC=CH)                                                                   

346 344 6.49 

 

128.97 

 

R[δ(C7C15O)(16)+puck(14)+τ’a(13)+τa(13)+oop(CH)(8)+δin(CO)(6)+ 

δ(C5C12O)(5)]                                                                                                                   

308 307 4.30 57.75 R[δin(CO)(38)+δ’a(8)+(C6C13O)(8)]+τ(CO)(8)      

287 286 1.27 21.63 τ(C13O)(32)+R[δ(C5C12O)(8)+oop(CH)(6)+τ’a(7)]+[δ(7)+ρ(7)](HC=CH)                                                                                                         

273 272 2.77 95.96 R[δin(CO)(17)+δin(C4C10)(12)+δ(C7C15O)(7)]+δ(C4C10C11)(8)+[δ(8)+ρ
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  (7)](HC=CH)    

240 239 0.44 

 

22.69 

 

τ(C13O)(45)+[ρ(7)+δ(7)](HC=CH)+τ(C11C14)(6)+ρ(C4C10C11)(5)+ 

R[oop(C6O)](5)                                                                    

210 209 1.49 

 

45.17 

 

R[oop(CO)(26)+τ’a(11)+δ(C7C15O)(7)+δ(C5C12O)(6)+δin(C4C10)(5)]+τ(

C11C14)(12)+δ[oop(C4C10C11C14)](6)     

191 191 1.17 221.18 τ(C11C14)(27)+τ(C12O)(14)+R[puck(8)+δ(CO)(5)]+τ(C15O)(5)                                            

178 177 2.15 58.65 τ(C12O)(61)+τ(C11C14)(12)+R[δin(C5O)](8)                                                                                                 

170 169 0.33 

 

14.74 

 

τ(C15O)(32)+τ(C7O)(8)+R[oop(C4C10)(7)+oop(CO)(5)]+δ[oop(C4C10C

11C14)](6)+τ(C10C11)(5)   

165 165 1.59 67.71 τ(C15O)(20)+τ(C6O)(15)+R[oop(CO)](16)+τ’a(7)+δ(C5C12O)(5)]                                     

133 133 0.88 

 

158.45 

 

ρ(C4C10C11)(16)+[ρ(11)+δ(10)[HC=CH]+R[δin(C4C10)(11)+τa](11)+τ(C

6O)(10) +(C11C14)(7)                                          

119 118 1.03 

 

321.78 

 

τ(C11C14)(17)+δ[oop(C4C10C11C14)](9)+δ(C4C10C11)(9)+R[δ(C6O)(8

)+δin(C4C10)(8)+oop(C4C10)(5) ]+[δ(6)+ρ(5)][HC=CH]                                                                                                              

88 88 2.69 

 

261.49 

 

τ(C6O)(15)+R[τa(12)+δin(C4C10)(6)]+τ(C11C14)(12)+τ(C5O)(10)+τ(C4C

10)(8) +ρ(C4C10C11)(5)+τ(C13O)(5)    

77 77 2.52 

 

343.75 

 

τ(C7O)(34)+τ(C6O)(21)+R[δin(C7O)(5)+δ(C7C15O)(5)]+τ(C13O)(8)+τ(C

15O)(5) +τ(C5O)(5)                                                       

69 69 2.86 

 

956.16 

 

τ(C7O)(43)+R[δ(C7C15O)(7)+τ’a(6)+δin(C7O)(5)]+τ(C6O)(8)+τ(C4C10)(

5)   

51 51 2.36 610.95 τ(C5O)(53)+R[τa](19)+τ(C6O)(5)                                                                                   

42 42 0.60 

 

4193.1 τ(C4C10)(50)+τ(C11C14)(8)+ρ(C4C10C11)(7)+[δ(6)+ρ(5)][HC=CH)]+τ(

C5O)(5)                                                                
Proposed assignments and potential energy distribution (PED) for vibrational normal modes.                                            

Types of vibration: ν, stretching; δ, deformation (bending), scissoring; oop, out-of-plane bending; ρ, rocking; τ, 

torsion.                                                                                                                                                                 
a
Potential energy distribution (contribution ≥ 5). 

 

 

HC=CH vibration 
The C-H stretching vibration of this HC=CH group is calculated at 2993/2969 cm-1 with low 

contribution and intensity 20.24/33.79 and 25.53/77.29 units in the IR/Raman spectra, 

respectively. The C=C stretching is calculated at 1653 cm
-1

 with low intensity of 0.92 units in the 

IR spectrum and very high intensity of 606.30 units in the Raman spectrum, respectively. The 

highly mixed HC=CH rocking mode is calculated at 1405 cm
-1 

with IR intensity of 33.77 units 

and Raman intensity of 74.11 units, respectively. 
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Fig. 4 Calculated FT-IR spectra in the range 400-4000 cm

-1
 of β-asarone. 

 

 
Fig. 5 Calculated FT-Raman spectra in the range200-3200 cm

-1
 of β-asarone. 

 

Phenyl ring vibration 

The carbon hydrogen stretching vibrations give rise to bands in the region 3100-3000 cm
−1

 in all 

the aromatic compounds [45]. The ring C-H stretching vibrations appear to be very weak. This is 

due to steric interaction that induces effective conjugation and charge carrier localization 

resulting in twisted phenyl ring [46]. In this region, the bands are not affected appreciably by the 

nature of the substituent. There are two C-H moieties with the phenyl ring. The pure C-H 

stretching vibrations are calculated at 3053 and 3031 cm
-1

 with very weak intensity in the IR and 

medium intensity in the Raman spectra, respectively. These are localized modes and have almost 

100% contribution in the potential energy distribution. The C-H in-plane deformation is 

calculated at 1153 cm
-1

 with very high intensity of 105.13 units in the IR and weak intensity of 

11.90 units in the Raman spectrum, respectively. The C-H out-of-plane deformation is calculated 

at 892 and 862 cm
-1

. The phenyl ring asymmetric, symmetric deformations and puckering modes 

are calculated in the coupled vibrations below a range of 650 cm
-1

. The phenyl ring torsional 

modes are observed as strongly coupled vibrations in lower wavenumber range (below 500 

cm
−1

). 
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There three methoxyl groups connected with the phenyl group, the C-O stretching vibrations 

associated with the ring are calculated at 1209 cm
-1

 and below this value in the mixed modes. 

The C-O in-plane bending is calculated at 607, 286 and 272 cm
-1

 in the highly mixed modes. The 

C-O out-of-plane bending vibrations are calculated at 708, 505 and 209 cm
-1

, respectively. The 

C4-C10 stretching vibration is calculated at 1118 cm
-1

 with medium intensity bands in the R and 

Raman spectra. 

 

CONCLUSION 

The equilibrium geometries and harmonic vibrational wavenumbers of all the 87 normal modes 

of the Asarone molecule were determined and analyzed at DFT (B3LYP) level of theory 

employing the 6-311G(d,p) basis set. These calculated vibrational assignments along with the 

electronic transitions are important to understand the molecular structure and biological activity 

of the title molecule. Information about the size, shape, charge density distribution and structure-

activity relationship of the title molecule has been obtained by mapping electron density 

isosurface with ESP and MESP. The electronic transition have been calculated in the gas phase 

as well as in ethanol environment (IEF-PCM model) using TD-DFT//B3LYP/6-31G basis set 

shows the charge transfer within the molecule. HOMO-LUMO made very clearly the 

involvement of charge transfer between the donor and acceptor groups. 
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