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I. Introduction 
Malachite green (MG) is a triphenylmethane dye that has been used traditionally in aquaculture to treat fish eggs 

and adult fish for fungal infections and ectoparasites since 1930. The powerful antimicrobial activity of MG has 

been attributed to inhibition of intracellular enzymes, intercalation into DNA, and/or interaction with cellular 

membranes [1,2]. Malachite green (MG) is a metallic-looking crystal. It dissolves in water easily as a blue-green 

solution. It is a toxic chemical primarily used as a dye and has been found very effective in treating parasites, 

fungal infections, and bacterial infections in fish and fish eggs [3]. MG is related structurally to other carcinogenic 

triphenylmethane dyes: gentian violet, a thyroid and liver carcinogen in rodents, and pararoaniline, a bladder 

carcinogen in humans.[4,5].  

On uptake, MG is rapidly reduced into leucomalachite green (LMG) and deposited in the fatty tissue of the fish 

with little MG remaining. MG can cause significant health risk for humans who eat contaminated fish. Hence, the 

use of MG has been prohibited in Europe, United States or Canada due to its suspected carcinogenic properties. 

Due to its low cost and antifungal effectiveness, MG is still being used illegally as indicated in the European Rapid 

Alert System for Food and Feed [6].Eighty percentage or more of absorbed MG is transformed metabolically to 

its reduced form, leucomalachite green (LMG)[7]. The chemical structures of MG and LMG are shown in Scheme 

1 

Quantum chemical calculation can provide valuable information about structural, electronic, optical, 

thermodynamics and other related properties of the molecules. Moreover it always has been a difficult task in 

getting sufficient accuracy and reliability in theoretical prediction of properties of molecules. Therefore, the 

present investigation was undertaken to study the molecular properties of leucomalachite green and to identify 

useful information of the molecule.   
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Scheme:1. The 2D structures of malachite green and leucomalachite green  

 

II. COMPUTATIONAL METHODS 

The optimized structure of leucomalachite green dye was calculated by DFT with the Becke’s three parameter 

gradient-corrected exchange potential and the Lee-Yang-Parr gradient-corrected correlation potential (B3LYP) 
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method combined the hybrid functional B3LYP with 6-31G (d) basis set. The calculated HOMO and LUMO 

energy shows that charge transfer takes place within the molecule and the molecule is chemically soft 

molecule. The value of energy separation between HOMO and LUMO is 4.7888 eV and 0.0768 eV respectively 
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[8-10] using Gaussian 09 program[11].All calculations were performed without any symmetry constraints by 

using polarized split-valence 6-31G (d) basis set in gas phase. The electronic absorption spectrum, oscillator 

strengths and the vertical excitation energy were using TD-DFT same level of theory in gas phase on the entirely 

DFT optimized geometry. The electronic absorption spectrum requires calculation of the allowed excitations and 

oscillator strengths. 

In the present research work, to make an effort to determine and evaluate the absorption peaks (λmax) in the UV 

spectra of the studied dyes. In addition to analyze electro- optical properties, electron injection, electronic copling 

constants, light harvesting efficiencies, open circuit voltages (Voc) and Quantum chemical parameters.  

 

III. RESULTS AND DISCUSSION 

The geometric structure 

The leucomalachite green dye was optimized by DFT/B3LYP method with 6-31G (d) basis set in gas phase and 

the geometry structure is shown in Fig. 1. The geometrical parameters of bond lengths and bond angles are listed 

in Table 1. The centre of carbon C7 joint together with the benzene ring and substituent N (CH3)2 benzene rings. 

The C7-C9 bond is higher than C7-C8 and C7-C5 bonds because of C7-C9 bond is without N (CH3)2 substituent 

benzene ring moiety.   

 
Fig.(1). The optimized structure of leucomalachite green dye  

Table.1 The geometrical parameters bond length and bond angles of leucomalachite green dye. 
Bond length Bond length Bond length Bond length 

C1-C2 1.4130 C7-H30 1.0990 C15-C16 1.3937 C22-H41 1.0961 

C1-C6 1.3908 C8-C15 1.3982 C15-H36 1.0861 C22-H42 1.1030 

C1-H26 1.0836 C8-C19 1.4009 C16-C17 1.4112 C23-H43 1.0923 

C2-C3 1.4113 C9-C10 1.3999 C16-H37 1.0836 C23-H44 1.1029 

C2-N20 1.3954 C9-C14 1.4029 C17-C18 1.4133 C23-H45 1.0961 

C3-C4 1.3935 C10-C11 1.3977 C17-N21 1.3951 C24-H46 1.0923 

C3-H27 1.0836 C10-H31 1.0859 C18-C19 1.3906 C24-H47 1.0961 

C4-C5 1.3987 C11-C12 1.3945 C18-H38 1.0836 C24-H48 1.1030 

C4-H28 1.0864 C11-H32 1.0873 C19-H39 1.0886 C25-H49 1.1029 

C5-C6 1.4005 C12-C13 1.3972 N20-H24 1.4527 C25-H50 1.0960 

C5-C7 1.5304 C12-H33 1.0869 N20-C25 1.4527 C25-H51 1.0923 

C6-H29 1.0885 C13-C14 1.3937 N21-C22 1.4526 H28-H36 3.0318 

C7-C8 1.5308 C13-H34 1.0873 N21-C23 1.4525  
C7-C9 1.5336 C14-H35 1.0882 C22-H40 1.0923 

Bond angles 
Bond angle Bond angle Bond angle Bond angle 

(C2,C1,C6) 120.9694 (C9,C7,H30) 105.6125 (C8,C15,H36) 119.5206 (H40,C22,H41) 107.3632 

(C2,C1,H26) 120.5023 (C7,C8,C15) 123.3784 (C16,C15,H36) 118.6057 (H40,C22,H42) 108.2629 

(C6,C1,H26) 118.5277 (C7,C8,C19) 119.7665 (C15,C16,C17) 121.2356 (H41,C22,H42) 107.921 

(C1,C2,C3) 116.8844 (C15,C8,C19) 116.853 (C15,C16,H37) 118.3571 (N21,C23,H43) 109.0558 

(C1,C2,N20) 121.517 (C7,C9,C10) 122.6877 (C17,C16,H37) 120.4054 (N21,C23,H44) 113.1418 

(C3,C2,N20) 121.5974 (C7,C9,C14) 119.0539 (C16,C17,C18) 116.9008 (N21,C23,H45) 110.851 

(C2,C3,C4) 121.228 (C10,C9,C14) 118.2479 (C16,C17,N21) 121.5897 (H43,C23,H44) 108.2899 

(C2,C3,H27) 120.4819 (C9,C10,C11) 120.7928 (C18,C17,N21) 121.5083 (H43,C23,H45) 107.4181 

(C4,C3,H27) 118.2881 (C9,C10,H31) 119.4736 (C17,C18,C19) 120.9362 (H44,C23,H45) 107.8962 

(C3,C4,C5) 121.8858 (C11,C10,H31) 119.7298 (C17,C18,H38) 120.4936 (N20,C24,46) 109.0353 

(C3,C4,28) 118.4704 (C10,C11,C12) 120.3692 (C19,C18,H38) 118.5697 (N20,C24,H47) 110.9051 

(C5,C4,28) 119.6348 (C10,C11,H32) 119.5592 (C8,C19,C18) 122.1953 (N20,C24,H48) 113.1638 

(C4,C5,C6) 116.8367 (C12,C11,H32) 120.0705 (C8,C19,H39) 119.2745 (H46,C24,H47) 107.3577 

(C4,C5,C7) 123.2453 (C11,C12,C13) 119.378 (C18,C19,H39) 118.5299 (H46,C24,H48) 108.2592 

(C6,C5,C7) 119.9112 (C11,C12,H33) 120.3375 (C2,N20,H24) 118.9075 (H47,C24,H48) 107.9257 

(C1,C6,C5) 122.1842 (C13,C12,H33) 120.284 (C2,N20,C25) 118.8178 (N20,C25,H49) 113.1557 

(C1,C6,H29) 118.539 (C12,C13,C14) 120.0673 (C24,N20,C25) 117.3874 (N20,C25,H50) 110.8648 

(C5,C6,H29) 119.2766 (C12,C13,H34) 120.1338 (C17,N21,C22) 118.9546 (N20,C25,H51) 109.0429 

(C5,C7,C8) 113.2027 (C14,C13,H34) 119.7986 (C17,N21,C23) 118.8691 (H49,C25,H50) 107.9101 

(C5,C7,C9) 112.2843 (C9,C14,C13) 121.1438 (C22,N21,C23) 117.5413 (H49,C25,H51) 108.2901 

(C5,C7,H30) 105.8796 (C9,C14,H35) 119.159 (C21,C22,H40) 109.0498 (H50,C25,H51) 107.3866 

(C8,C7,C9) 113.1583 (C13,C14,H35) 119.6966 (N21,C22,H41) 110.8891 (C4,28,H36) 70.038 

(C8,C7,H30) 105.8975 (C8,C15,C16) 121.8647 (N21,C22,H42) 113.1614 (C15,36,H28) 118.1702 
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The bond lengths of C1-C2, C2-C3 and C16-C17, C17-C18 are high values to compare other benzene ring C-C 

bond length. This shows the C2 and C17 atoms are connect to the group N (CH3)2.  In the ring C-C bond length 

varies from 1.3908 to 1.4130 A0 due to the N(CH3)2, group substituent in the pyridine ring. The bond angles 

between C-C-C values of the ring carbon atoms are significantly deviated in the position of substituted N (CH3)2, 
group in the pyridine ring. From the dihedral angles it is conform that N(CH3)2, is coplanar with the pyridine ring.  

Frontier molecular orbitals:                     

The frontier molecular orbitals take part an important role to find the electric and optical properties. The highest 

occupied molecular orbitals (HOMOs) and lowest unoccupied molecular orbitals (LUMOs) both are the main 

orbitals taking part in chemical reaction and stability. The energy gap between HOMO and LUMO reflects the 

kinetic stability, chemical reactivity, molecular polarizability and also determines the softness or hardness of the 

molecule. A molecule with smaller frontier molecular orbitals is associated with high chemical reactivity, low 

kinetic stability, more intermolecular interactions due to which the molecule is termed as soft molecule. The 

HOMO, LUMO and HOMO-LUMO energy gap has been calculated. Surfaces for the frontier orbitals were drawn 

for the title compound in the Fig. 2.  The positive phase of the molecule is represented in red color and negative 

phase in green color. From the plots of HOMO-LUMO to observed that HOMO is localized mainly on the 

N(CH3)2, group and the pyridine ring. On the other hand LUMO is delocalized on the entire compound except 

N(CH3)2, group. The value of energy separation between HOMO and LUMO is 4.7888 eV and 0.0768 eV 

respectively which makes it a soft and more polarizable molecule.  

 

 
Fig. (2).  The atomic orbital HOMO-LUMO plot of leucomalachite green dye.  

Electronic absorption spectra  
The absorption spectra of studied dye have been computed at TD-DFT/BLYP with 6-31G (d) level of theory in 

gas phase and electronic transitions up to 6 states calculated.The excitation energies, absorption wavelengths, 

oscillator strengths and transition contribution are listed in Table 2 and Fig. 3.  

The HOMO-LUMO gap of 4-methoxybenzonitrile in acetonitrile at B3LYP/6-31G (d,p) theory level is smaller 

than that in vacuum. This fact indicates that the solvent effects stabilize the frontier orbitals of 4-

methoxybenzonitrile. So it induces the smaller intensities and red-shift of the absorption as compared with that in 

vacuum. In order to obtain the microscopic information about the electronic transitions, the corresponding MO 

properties are checked. The absorption in visible and near-UV region is the most important region for photo-to-

current conversion, so only the 6 lowest singlet/singlet transitions of the absorption band in visible and near-UV 

region for studied dye is listed in Table 3.  

 

 
Fig. (3). Calculated electronic absorption spectra of the leucomalachite green dye in gas phase.. 
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Table. 2 Computed excitation energies, electronic transition configurations and oscillator strengths (f) for the 

optical transitions with f > 0.01 of the absorption bands in visible and near- UV region for the leucomalachite 

green dye in gas phase. 
S.No Configurations composition 

(corresponding transition orbitals) 

% of contribution Excitation energy (eV/nm) oscillator strength 

(f) 

1 HOMO→LUMO 95.10 4.4775/276.90 0.0186 

2 HOMO-1→LUMO 15.16         4.4775/276.90 0.0577 

 HOMO→LUMO+1 76.12 

3 HOMO-1→LUMO 74.98 4.5241/274.05 0.0014 

 HOMO→LUMO+1 19.89 

 HOMO→LUMO+3 2.00 

4 HOMO-1→LUMO+1 32.17 4.6253/268.06 0.0437 

 HOMO→LUMO+2 59.11 

5 HOMO-1→LUMO+1 62.82          4.7103/263.22 0.1715 

 HOMO→LUMO+2 32.60 

6 HOMO-1→LUMO 5.83          4.7884/258.93 0.0059 

 HOMO-1→LUMO+2 6.35 

 HOMO→LUMO+3 79.31 

 

Global descriptors  

There is a large interest in the study of reactivity indices such as electronegativity [12], hardness [13], 

electrophilicity [14], nucleophilicity [15] and nucleofugality [16] with great importance for classifying organic 

and inorganic molecules.  In this, the important quantities to be obtained are the frontier orbitals (the highest 

occupied and the lowest unoccupied, HOMO and LUMO, respectively). The other related molecular properties 

have been also calculated the same level of theory. The Ionisation energy (IP) and electron affinity (EA) can be 

expressed in terms of HOMO and LUMO orbital energies as I = - EHOMO and A = - ELUMO. From the energies 

of these orbitals and using the frozen orbital [17] approximation, one can calculate the chemical potential (μ) [12, 

18], global hardness (η) [19], electrophilicity (ω)[20,21], nucleophilicity [22], nucleofugality [23] and local 

reactivity indices, such as local softness (S) [24]. These quantities have been calculated and were used to 

understand the chemical reactivity of molecular systems. Chemical potential, (μ), global chemical hardness (η), 

electronegativity (χ) are defined as follows: 

2

2

( )

1

2
V r

E

N


 
  

 
 and    

( )V r

E

N


 
  

 
     (1) 

In equation (3), E and ( )V r  are electronic energy and external potential of an N-electron system respectively. 

Softness [25] is a property of molecules that measures the extent of chemical reactivity. It is the reciprocal of 

hardness and electronegativity(χ) has been defined as the negative of the electronic chemical potential in Mulliken 

sense.   

1
S


    and   
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E
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     (2) 

Using Koopmans theorem for closed-shell molecules, ɳ, µ and χ can be redefined as: 

   
1 1

2 2
LUMO HUMOIP EA              (3) 

   
1 1

2 2
HUMO LUMOIP EA              (4) 

2

IP EA


 
  

 
          (5) 

The concept of electrophilicity viewed as a reactivity index was introduced by Parr et al [26]. It is based on a 

second order expansion of the electronic energy with respect to the charge transfer ΔN at fixed geometry. This 

index, which measures the stabilization in energy when the system acquires an additional electronic charge ΔN 

from the environment, is defined by the following simple and more familiar form [27] in terms of the electronic 

chemical potential (µ) and the chemical hardness(ɳ). Electrophilicity is a useful structural depictor of reactivity 

and is frequently used in the analysis of the chemical reactivity of molecules. 



Numbury Surendra Babu et al., American International Journal of Research in Formal, Applied & Natural Sciences,  18(1),  March-May 

2017, pp. 20-25 

AIJRFANS 17- 211; © 2017, AIJRFANS All Rights Reserved                                                                                                               Page 24 

2

2





            (6) 

The theoretical electronic properties (HOMO, LUMO) and energy gap (Eg) and reactive descriptors ionization 

potential (IP), electron affinity (EA), electronegativity (χ), hardness (ɳ), softness (s), chemical potential (µ), 

electrophilicity index (ω), of studied dye calculated by DFT/6-31G(d) basis set in gas phase are presented in 

Table.3. 

 

Polarizability and hyperpolarizability  

Polarizabilities and hyperpolarizabilities characterize the response of a system in an applied electric field [31]. 

They determine not only the strength of molecular interactions (long-range intermolecular induction, dispersion 

forces, etc.) as well as the cross sections of different scattering and collision processes, but also the nonlinear 

optical properties (NLO) of the system [32, 33].  

The definitions [32, 33] for the isotropic polarizability is 

 
1

3
XX YY ZZ       

The polarizability anisotropy invariant is 

     
2

XX YY YY ZZ ZZ XX     


     
   

 
 

and the average hyperpolarizability is 

 
1

5
total iiZ iZi Zii       

Where, XX , YY , and ZZ  are tensor components of polarizability; iiZ , iZi , and Zii  (i from X to Z) are 

tensor components of hyperpolarizability.Tables 3 list the values of the polarizabilities and hyperpolarizabilities 

of the leucomalachite green dye.  In addition to the individual tensor components of the polarizabilties and the 

first hyperpolarizabilities, the isotropic polarizability, polarizability anisotropy invariant and hyperpolarizability 

are also calculated. The calculated isotropic polarizability of leucomalachite green dye is 263.96 a.u. 

Table.3  Comparision of HOMO, LUMO, energy gaps (EHomo - ELumo) and related molecular properties and 

electric dipole moment μ (Debye), mean polarizability ∆α and first order hyperpolarizability β  value of 

leucomalachite green dye. 
Molecular  Properties Values  

EHomo  -4.7888 eV 

ELumo -0.0768 eV 

Energy gap (∆E)  4.7120  eV 

Ionosation Potential (IP)  4.7888  eV 

Electron affinity (EA)  0.0768  eV 

Electronegativity(χ) -2.4328  eV 

Global Hardness  (η)  4.7120  eV 

Chemical Potential (μ)  2.4328  eV 

Global Electrophilicity (ω)  0.6280  eV 

softness (s) 0.2122  eV 

Dipolemoment(μ) 2.7412 debye 

  263.96 a.u 

  
100.47 a.u 

total  
3025.70 a.u 

 

IV. Conclusions 

The geometries, electronic structures, polarizabilities, and hyperpolarizabilities of leucomalachite green was 

studied by using density functional theory with hybrid functional B3LYP, and the UV-Vis spectra were 

investigated by using TD-DFT methods. The calculated isotropic polarizability of studied molecule is 263.96 a.u 

and polarizability anisotropy invariant is 100.47 a.u. respectively. The hyperpolarizability of is 3025.70 a.u.  The 

electronic absorption spectral features in visible and near-UV region were assigned based on the qualitative 

agreement to TD-DFT calculations. The absorptions are all ascribed to π→π* transition. From the plots of HOMO-

LUMO to observed that HOMO is localized mainly on the N(CH3)2, group and the pyridine ring. On the other 

hand LUMO is delocalized on the entire compound except N(CH3)2, group.  



Numbury Surendra Babu et al., American International Journal of Research in Formal, Applied & Natural Sciences,  18(1),  March-May 

2017, pp. 20-25 

AIJRFANS 17- 211; © 2017, AIJRFANS All Rights Reserved                                                                                                               Page 25 

 

References 
[1] D. R. Doerge, H. C.Chang, R. L. Divi, and M. I. Churchwell, Chem. Res. Toxicol., 11, 1098,1998.   
[2]  V. T. Fessard, S. Godard, A. Huet, and J. M. Mourot, J. Appl. Toxicol., 19, 421,1999. 

[3]  S. Srivastava, R. Sinha, and D. Roy, Aquatic Toxicology., 66 (3), 319-329, 2004.  

[4]  J. D. Littlefield, B.N. Blackwell, C.C. Hewitt, D. W. Gaylor and Fundam, Appl. Toxicol., 5, 902, 1985.   
[5]  J. J. McDonald and C. E. Cerniglia, Drug Metab. Dispos., 12, 330, 1984. 

[6]  The Rapid Alert System for Food and Feed (RASFF) Annual Report 2005. 29, 2005. 

[7]  A.Swarbrick, E.J. Murby and P.J. Hume,  Liq. Chrom. Rel. Technol., 20, 2269, 1997. 
[8]  S.Ando , J.Nishida , Y,Inohue , S.Tokito and Y.Yamashita , Idem. Synth. Met.,156 327,2006.  

[9]  Q.Shi , H.Fan , Y.Liu , W.Hu , Y.Li and X.Zhan , J. Phys. Chem. C., 114,16843,2010. 

[10]  M.Zhang , X.Guo and Y.Li , Adv. Energy Mater., 1,557, 2011. 
[11] M.J. Frisch, G.W.Trucks, and H.B. Schlegel, et al., Gaussian 09, Rev. A.1,Gaussian, Inc., Wallingford CT, 2009.  

[12] R.G. Pearson, J. Am. Chem. Soc., 27, 734, 1988. 

[13] R. G.Pearson,  J. Am. Chem. Soc., 54,1423,1989.  
[14] H. Mayr and A.R. Ofial, Pure. Appl. Chem., 77,1807,2005.  

[15] H. Mayr, B. Kempf and A.R.Ofial, Acc. Chem. Res., 36,66,2003.  

[16] M.J. Ochiai, Organomet. Chem., 611,494,2000. 
[17] R.B.Woodward and R. Hoffmann,  J. Am. Chem. Soc., 87,395, 1965).  

[18] D.M.York and W.Yang, J. Chem. Phys., 104,159,1999.  

[19] S.Liu, F.De Proft and R.G. Parr, J. Phys. Chem. A., 101,6991, 1997). 
[20] R.G.Parr, L.Von Szentpaly and S.J. Liu, J. Am. Chem. Soc., 121,1922,1999.  

[21] P.Pe´rez, L.R. Domingo, M.J. Aurell and R. Contreras, Tetrahedron., 59, 3117, 2003.  

[22] J.L.Gazquez, A. Cedillo and A. Vela, J. Phys. Chem. A.,111, 1966, 2007.  
[23] P.R.Campodonico, J. Andres, A. Aizman and R. Contreras,  Chem. Phys. Lett., 439,177, 2007. 

[24] R.K. Roy, S. Krishnamurti, P. Geerlings and S. Pal, J. Phys. Chem., A, 102, 3746, 1998.  
[25] W. Yang and R.G. Parr, Proc. Natl. Acad. Sci, (USA )., 82,6723, 1985. 

[26] C. Lee , W. Yang and G.R. Parr, Phys. Rev, B., 37, 785, 1988. 

[27] R.G. Parr, L.V. Szentpa´ly and S. Liu,  J. Am. Chem., Soc, 121,1992, 1999. 
[28] R. Parthasarathi, J.Padmanabhan,V. Subramanian ,U. Sarkar , B.  Maiti and P.K. Chattaraj, Internet Electron J. Mol. Des., 2, 98, 

2003. 

[29]  P.W.Ayers, J.S.M. Anderson and L.J.Bartolotti, Int. J. Quantum Chem., 101, 520, 2005.  
[30]  G. Roos, S. Loverix, E.  Brosens,   K.Van Belle ,L. Wyns,   P. Geerlings and J. Messens,   

ChemBioChem., 7, 981, 2006. 

[31]   C. R. Zhang, H. S. Chen and G. H. Wang, Chem. Res. Chin.U., 20, 640, 2004. 
[32]   Y. Sun, X. Chen, L. Sun, X. Guo and W. Lu, Chem. Phys., Lett., 381, 397, 2003. 

[33]    O. Christiansen, J. Gauss and J. F. Stanton, Chem. Phys., Lett., 305, 147, 1999. 

 
 

 

 
 


