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ABSTRACT 

 
A Density functional theory and semi empirical calculations have been carried out on Cu(II) and Mn(II) 

complexes of 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-4,4′-disulfonic acid for stability and molecular properties 
study. The semi-empirical calculations were performed at PM3 and PM6 levels, while the hybrid B3LYP method 
with 6-31G** basis set was used for DFT calculations. The predicted geometries using DFT method supported 
distorted octahedral structures of the complexes. The calculated energy gap, chemical hardness and softness 
showed that mono Cu(II) and bimetallic Mn(II) complexes would be hard, thermodynamically stable and less 
polarizable. The stabilization energies calculated at DFT showed the preference for synthesis of mono Cu(II) and 
bimetallic (or polymeric)  Mn(II) complexes as observed experimentally.  
Keywords:Copper (II), Manganese (II), 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-4,41-disulfonic acid, molecular 
properties, Stabilization energy, Quantum Chemical Methods 
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INTRODUCTION 
 

Several1,2,4-triazine moiety containing compounds are well known in natural materials with  some 
interesting biological and antiviral properties [1-3]. For instance, 4-Amino-5-oxo-3-phenylamino-1,2,4-triazine has 
been found to have an inhibitory effect on the cell wall lignification. Also, 3,5,6-trisubstituted-1,2,4-triazine 
derivatives are active as blood platelet aggregation inhibitors, exhibit antiviral inhibitory activity, and anti-HIV 
activity [4]. Moreover, the triazine moiety, as evidenced by its relatively accessible one-electron reduction 
potential [5], possesses electron-acceptor properties, which can be tuned by the substituents [6,7]. In most cases, 
some derivatives possess luminescence properties[8.9]. Many derivatives of 1,2,4-triazine compounds form 
coloured complexes with different metal ions; these metal complexes have unique properties and novel 
reactivities which make them useful as analytical reagents. Usually the nature of ligands affect the electronic 
properties, geometric properties and molecular orbitals of metal ions and thus affect their analytical applications 
[10-15]. Therefore, turning the optical properties of transition metal complexes by ligands generate very efficient 
triplet energy and electron transfer reactions, long-lived excited states, charge separated species,and singlet 
oxygen producers [16]. 

 
Nowadays, a wide variety of computational methods is engaged in the computational chemistry 

community; however, the use of density functional theory (DFT) continues to grow, although semi empirical 
methods can also give quantitative reasonable information [17-24]. However, among the DFT methods, the hybrid 
functional B3LYP is the most popular and widely used for studies of organometallic molecules and reactions due to 
relative accuracy in reproducing the experimental values such as  molecular geometry, vibrational frequencies, 
atomic charges, dipole moment and thermodynamic parameters [25-27]. Therefore, the aim of this present work is 
to: (i) use quantum chemical calculations (via DFT and semi-empirical methods) to predict the geometries, 
thermodynamic stabilities and electronic properties of 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-4,41-disulfonic acid 
(H2pdtd) complexes of Cu(II) and Mn(II); (ii) to evaluate the performance of PM6 in calculations molecular 
parameters for metal complexes in relation to PM3 results; and (iii) to possibly explain the polymeric nature of 
Mn(II) complex as reported in the literature [28]. The calculated parameters are compared to the available 
experimental data [28].  
 

COMPUTATIONAL METHODS 
 

The Cu(II) and Mn(II) compounds of 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-4,4′-disulfonic acid (H2pdtd) 
were modeled based on X-ray diffraction data [16]; and optimization was carried out at both semi-empirical and 
Density Functional Theories (DFT) methods on the most stable conformation from the preliminary conformational 
search with MMFF method with Monte Carlo search algorithm [29].The optimization and frequency calculations of 
the metal complexes Mn(II) and Cu(II) were done using B3LYP/6-31G** and semi empirical (PM3 and PM6) 
methods. The charge density and reactivity descriptors for the metal complexes were computed at both DFT and 
semi-empirical levels. The bimetallic form of Cu(II) and Mn(II) complexes of 3-(2-pyridyl)-5,6-diphenyl-1,2,4-
triazine-4,41-disulfonic acid (H2pdtd) were modelled and optimized at the same levels of theory for the calculations 
of stabilization energies. The HOMO and LUMO levels were also calculated for easy access to the calculations of 
frontier molecular orbital energies. All other calculations were performed by the Spartan 14 program [30] 
implemented on an Intel Core(TM) i3-2350 M CPU, 2.3-GHz computer. 
 

RESULTS AND DISCUSSION 
 
Geometry parameters of the complexes 
 

Quantum chemical methods (semi-empirical and DFT) were employed for optimization and molecular 
parameters calculations of the modeled mono Cu(II) and Mn(II) complexes as shown in Figure 1. The geometrical 
and molecular parameters calculated at both semi-empirical (PM3 and PM6) and DFT/B3LYP/6-31G(d,p) methods 
are listed in Tables 1 and 2 for Cu(II) and Mn(II) complexes respectively. The calculated geometrical parameters are 
compared and discussed with X-ray crystallographic data available in literature [28]. 
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Figure 1:  Schematic and optimized structures of the Cu(II) and Mn(II) complexes at DFTmethod 
 

Table 1: Selected geometrical parameters for Cu (II) complex at semi-empirical (PM3 and PM6) and DFT 
(B3LYP/6-31G(d,p) methods. 

 

Parameters Expt. [28] PM3 PM6 DFT 

BOND LENGTH (Å) 

Cu1- O7 2.328 1.840 (0.488) 1.773 (0.555) 2.197 (0.131) 

Cu1- O8 2.375 2.007 (0.368) 2.105 (0.270) 2.265 (0.110) 

Cu1- O9 1.994 2.005 (-0.011) 2.131 (-0.137) 1.921 (0.073) 

Cu1- O10 1.995 1.927 (0.068) 1.771 (0.224) 1.957 (0.038) 

Cu1- N1 2.007 1.877 (0.130) 1.874 (0.133) 1.922 (0.085) 

Cu1- N4 2.042 1.898 (0.106) 1.868 (0.136) 1.998 (0.044) 

BOND ANGLE (°) 

O9-Cu1-O10 91.62 86.23 (5.39) 83.17 (8.45) 94.67 (-3.05) 

O10-Cu1-O7 90.63 89.76 (0.87) 85.26 (5.37) 87.80 (2.83) 
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O7-Cu1-O8 175.05 159.95 (15.10) 147.63 (70.71) 166.32 (8.73) 

O8-Cu1-N4 95.40 109.08 (-13.68) 104.34 (-8.94) 97.50 (-2.10) 

N4-Cu1-N1 80.27 86.75 (-6.48) 86.34 (-6.07) 84.12 (-3.85) 

N1-Cu1-O9 173.87 169.61 (-74.34) 172.32 (1.55) 171.79 (2.08) 

O9-Cu1-O7 85.27 78.35 (6.92) 101.79 (-16.52) 88.82 (-3.55) 

O8-Cu1-O10 90.24 80.49 (9.75) 79.52 (10.72) 86.54 (3.70) 

O8-Cu1-N1 89.51 100.38 (-10.87) 99.71 (-10.20) 94.06 (-4.55) 

O10-Cu1-N4 172.23 176.28 (-4.05) 172.00 (0.23) 173.18 (0.95) 

O10-Cu1-N1 94.47 95.24 (-0.77) 100.01 (-5.54) 97.30 (-2.83) 

O7-Cu1-N4 84.21 88.78 (-4.57) 88.91 (-4.70) 85.23 (-1.02) 

O7-Cu1-N1 95.27 105.40 (-10.13) 102.32 (-7.05) 95.62 (-0.35) 

O9-Cu1-N4 93.73 106.29 (12.56) 102.78 (-9.05) 98.47 (-4.74) 

O8-Cu1-O9 89.84 98.33 (-8.49) 104.34 (-14.50) 85.23 (4.61) 

*Calculated values in parenthesis ( ) is the deviation value of PM3 (∆PM3), PM6 (∆PM6) and DFT (∆DFT) methods from 
experimental values.  
 

The calculated bond distances using PM6, PM3 and DFT methods for Cu1-O10 (Cu-O7) are 1.771Å 
(1.773Å), 1.927Å (1.840Å) and 1.957Å (2.197Å) respectively. The experimental corresponding values these bond 
distances were 1.995 and 2.328Å for Cu1-O10 and Cu1-O7?? respectively. This showed that calculated Cu1-O10 
(Cu1-O7) bond distance deviated from experimental values by 0.068(0.488Å), 0.224(0.555Å) and 0.028(0.131Å) for 
PM3, PM6 and DFT calculations respectively. For Cu1-O9 (Cu1-O8) and Cu1-N4 (Cu1-N1) bond distances, the 
calculated values at PM3, PM6 and DFT methods are 2.005 (2.007Å) and 1.898 (1.877Å), 2.131 (2.105Å) and 1.868 
(1.874Å), and 1.921 (2.265Å) and 1.998 (1.922(Å) respectively.   

 
Similarly, the calculated Mn-O10 (Mn-O7) bond distance at PM3, PM6 and DFT methods are 

2.224(1.955Å), 1.833(2.375Å) and 2.148Å (2.001Å) respectively. The experimental corresponding values these 
bond distances were 2.152 and 2.193Å for Mn1-O10 and Mn1-O7 respectively. This showed that calculated Mn1-
O10 (Mn1-O7) bond distance deviated from experimental values by 0.072(0.238Å), 0.319 (0.182Å) and 
0.003(0.192Å) for PM3, PM6 and DFT calculations respectively. Also, Mn1-O9 (Mn1-O8) bond distances are 2.183 
(1.916Å), 1.829 (2.388Å) and 2.113 (2.117Å) as revealed by PM3, PM6 and DFT calculations respectively; and 
experimentally reported at 2.143 (2.161Å).  The Mn1-N4 (Mn1-N2) are calculated at PM3, PM6 and DFT methods 
to be 1.867 (1.861Å), 1.806 (1.795Å) and 1.960 (1.831Å) respectively (Table 2). These are observed experimentally 
at 2.274 and 2.276 Å for Mn1-N4 and Mn1-N2 respectively. Generally, bond lengths predicted at DFT are closer to 
the experimental values than the semi-empirical methods; and also, the bond lengths calculated using PM3 
method are more accurate than that of PM6; thus PM3 is expected to give better predictions. 

 
Furthermore, the bond angles/bite angles O7-Cu1-O8 (O7-Cu1-O9) for Cu(II) complex are 159.95° (78.35°), 

147.63° (101.79°) and 166.32° (88.82°) for PM3, PM6 and DFT calculations respectively; and experimentally 
observed at 173.03° (85.27°). Also, O7-Cu1-N1 (N1-Cu1-N4) bond angles are 169.61°(86.75°), 172.32° (86.34°) and 
171.79° (84.12°) for PM3, PM6 and DFT calculations respectively (Table 1). The calculated bond angles using all the 
three computational methods showed Jahn- Teller distortion around N-Cu-N bond angle as observed 
experimentally in the complex displaying [28, 31].  
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Table 2: Selected geometrical parameters for Mn (II)?? complex at semi-empirical (PM3 and PM6) and DFT 
(B3LYP/6-31G(d,p) methods 

 

BOND LENGTH (Å) 

PARAMETERS EXPT [28] PM3 PM6 DFT 

Mn1-O10 2.152 2.224(-0.072) 1.833(0.319) 2.148(0.003) 

Mn2-O7 2.193 1.955(0.238) 2.375(-0.182) 2.001(0.192) 

Mn2-O9 2.143 2.183(-0.040) 1.829(0.314) 2.113(0.030) 

Mn2-N4 2.274 1.867(0.407) 1.806(0.468) 1.960(0.314) 

Mn2-N2 2.276 1.861(0.415) 1.795(0.481) 1.831(0.445) 

Mn2-O8 2.161 1.916(0.245) 2.388(-0.227) 2.117(0.044) 

BOND ANGLE (°) 

 EXPERIMENTAL PM3 PM6 DFT 

O1-Mn2-O10 85.6 90.37 (-4.77) 81.64 (3.96) 80.56 (5.04) 

O6-Mn2-O9 91.9 112.55(-20.65) 118.07(-26.17) 93.29(-1.39) 

O10-Mn2-O9 95.2 65.02(30.18) 66.47(28.73) 91.68(3.52) 

O10-Mn2-N4 174.6 164.38(10.22) 177.45(-2.85) 169.12(5.48) 

O10-Mn2-N3 102.0 121.20 (-19.20) 123.94(-21.94) 102.70 (-0.70) 

O6-Mn2-N4 87.8 86.52(1.28) 91.20(-3.40) 88.77 (-0.97) 

O6-Mn2-N3 91.1 97.17 (-6.07) 112.64(-21.54) 90.38(0.72) 

O11-Mn2-O6 177.6 160.07(17.53) 166.64(10.96) 169.15(8.45) 

O8-Mn2-N2 162.4 160.88 (1.52) 161.99 (0.41) 161.20 (1.20) 

O1-Mn2-N3 87.6 94.32 (-6.72) 97.37 (-9.77) 93.64 (-6.04) 

O1-Mn2-N4 93.7 92.98 (0.72) 97.35(-3.65) 93.67 (0.03) 

N4-Mn2-N3 72.6 84.31 (-11.71) 86.20(-13.60) 79.70 (-7.10) 

*Calculated values in parenthesis ( ) is the deviation value of PM3 (∆PM3), PM6     (∆PM6) and DFT (∆DFT) 
methods from experimental values.  
 

The bond angles for Mn(II) complex calculated using PM3, PM6 and DFT for O6-Mn2-O9 (O9-Mn-O10) are 
112.55° (65.02°), 118.07° (66.47°) and 93.29° (91.68°) respectively compared to 91.90° (95.20°) as observed 
experimentally. Thereto, the O10-Mn-N3 (O6-Mn-N4) bond angles are calculated to be 121.20° (86.52°), 123.94° 
(91.20°) and 102.70° (88.77°) at PM3, PM6 and DFT respectively; these angles are observed experimentally at 
102.00° and 87.80° respectively (Table 2). The N4-Mn2-N2 bond angle was calculated at PM3, PM6 and DFT to be 
84.31°, 86.20° and 79.70° respectively against 72.60° as reported experimentally. The bite angles showed that the 
complexes are distorted octahedral structures. Therefore bite angles predicted at DFT and PM3 are closer to the 
experimental values than PM6, although DFT calculations shows superior results (i.e. reproduced the experimental 
results).  
 
Frontier molecular orbitals  
 

The highest occupied molecular orbital (HOMO) and lowest unoccupied molecular (LUMO) are known as 
frontier molecular orbitals (FMO). The FMOs plays an important role in the optical and electrical properties, as well 
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as in quantum chemistry [32]. The HOMO represents the ability to donate an electron to electron deficient 
molecule; this is also related to the ionization potential. The binding ability of the ligand to the metal increases 
with increasing HOMO energy values. The LUMO as an electron accepting ability (i.e. relating to electron affinity; 
ability to accept electron from electron-rich molecule), this is also given information on electron affinity ability of a 
compound. The FMO plots show that the HOMO and LUMO of mono Cu(II), bimetallic Cu(II) and  bimetallic Mn(II) 
complexes are mainly on sulfonic acid and pyridyl-triazine-metal respectively; however both the HOMO and the 
LUMO of mono Mn(II) complex are on pyridyl-triazine-metal as shown in Figure 2.  The ∆HOMO-LUMO which is energy 
separation between the HOMO and the LUMO is very essential to evaluate the energetic behaviour of the complex 
[33,34]. Therefore,  the FMO energies (EHOMO, ELUMO and EHOMO-LUMO) calculated for the Cu(II) using semi-
empirical and DFT methods are -8.77, -3.85 and 4.92eV;  -8.08, -3.23 and 5.45;  -0.75, 1.42 and 2.17eV for PM3, 
PM6 and DFT respectively. For Mn(II) complex, the FMO are -8.95, -3.85 and 5.10eV; -8.55, -2.78 and 5.77eV; -0.59, 
-2.54and 1.95eV for PM3, PM6 and DFT respectively (Figure 2). Also for bimetallic Cu(II) complex, the FMO 
energies are -8.52,-4.47 and 4.05 eV; -8.10, -4.00 and 4.10 eV; and-0.95, 1.61 and 2.56 eV as calculated at PM3, 
PM6 and DFT respectively. For bimetallic Mn(II) complex, they are -9.36, -2.79 and 6.57eV; -9.98, -3.30 and 6.68 
eV; and -0.79, 1.98 and 2.77 eV for PM3, PM6 and DFT calculations respectively (Figure 3). The energy gap 
calculated at DFT revealed that mono Cu(II) complex is hard and more thermodynamically stable than mono Mn(II) 
complex; but on the other hand bimetallic Mn(II) complex is more thermodynamically stable than the 
corresponding Cu(II) complex, these are in line with the experimental observations [28].  

 
The dipole moment (D) is a parameter of the electronic distribution in a molecule which can be related to 

the dipole-dipole interactions of the ligands and metal surface [35]. Ligand with larger dipole moment forms more 
stable complex [37-38]. The D.M values calculated at DFT, PM3 and PM6 are 15.78/18.09, 24.90/38.24 and 
24.22/47.43 Debye respectively for mono Cu(II)/bimetallic Cu(II) complex; this is calculated at DFT, PM3 and PM6 
to be 13.77/17.18, 21. 71/22.54 and 33.25/38.92 Debye respectively for mono Mn(II)/bimetallic Mn(II)complex as 
shown in Table 3.   

 

 
Fig 2a:Frontier Molecular Orbitals for mono Cu(II) complex 
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Fig 2b:  Frontier Molecular Orbitals for mono Mn(II) complex 
 

 
 

Fig 2c:  Frontier Molecular Orbitals for bimetallic Cu(II) complex 
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Fig 2d:  Frontier Molecular Orbitals for bimetallic Mn(II) complex 
 

Conceptual DFT based molecular descriptors have helped in many ways to understand the structure of 
molecules and their reactivity by calculating the global electrophilicity/nucleophilicity (ω), chemical potential (μ) 
and chemical hardness (ɳ). Parr et al. [39] proposed the global electrophilicity power of a ligand as ω = μ2/2ɳ. 
These indices measure the stabilization in energy when the system acquires an additional electronic charge from 
the environment. Electrophilicity encompasses both the ability of an electrophile to acquire additional electronic 
charge and the resistance of the system to exchange electronic charge with the environment. However, studies 
have revealed that the electrophilicity/nucleophilicity index is a very useful structural descriptor of the analysis of 
the chemical reactivity of molecules [40]; Using the FMO energies, the chemical potential and chemical hardness 
can be expressed as: μ=1/2 (EHOMO + ELUMO) and ɳ=1/2 (-EHOMO + ELUMO) [41, 42]. The calculated chemical potential 
values using DFT, PM3 and PM6 methods are -0.335/-0.330, -6.31/-6.495 and -5.655/-6.050eV for mono 
Cu(II)/bimetallic Cu(II) complex respectively; and -1.565/-0.595, -6.400/-6.075 and -5.665/-6.640 for mono 
Mn(II)/bimetallic Mn(II) complex respectively. It has been suggested that a good electrophile is characterized by a 
high value of chemical potential (μ), it has the ability to acquire additional electronic charge is a better descriptor 
of global chemical reactivity [32]. 

 
Chemical hardness (η) is another important parameter used as a criterion of chemical reactivity and 

stability. The hardness signifies the resistance towards the deformation of electron cloud of chemical systems 
under small perturbation encountered during chemical process. Soft systems are large and highly polarizable, 
while hard systems are relatively small and much less polarizable. The calculated η of the values using DFT, PM3 
and PM6 methods are 1.087/1.280, 2.460/2.025 and 2.425/2.050 eV for mono Cu(II)/bimetallic Cu(II) complex 
respectively. This was calculated for mono Mn(II)/bimetallicMn(II) complex to be 0.975/1.385, 2.550/3.285 and 
2.885/3.340 eV at DFT, PM3 and PM6 respectively. This implies that mono Cu(II) and bimetallic Mn(II) complexes 
are harder, more thermodynamic stable and less polarizable; thus they are not easily undergo changes in electron 
density and are less polarizable [32,43]. 
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A good and/or more reactive nucleophile is characterized by a high value of ω and in opposite a good 
electrophile is characterized by a lower value of ω. The calculated ω values using DFT, PM3 and PM6 are 
0.0517/0.043, 8.093/10.416 and 6.594/8.927 eV for mono Cu(II)/bimetallic Cu(II) complex respectively; and 
1.256/0.128, 8.030/5.617 and 5.560/6.600 eV for  mono Mn(II)/bimetallic Mn(II) complex respectively.  

 
Table 3: Calculated dipole moment (D.M), global electrophilicity (ω), chemical potential (μ), chemical hardness 

(η) and total energy. 
 

 D.M 
(Debye) 

 ω μ(eV) η(eV) σ(eV) Energy(a.u.) S.E (kcal/mol) 

                                                 Cu(II) complex  

DFT 15.78 
(18.09) 

0.052 
(0.043) 

-0.335  
(-0.330) 

1.085 
(1.28) 

0.461 
(0.781) 

-4181.5457 
 (-8235.094) 

  -2.62x102 
(+7.96x104) 

PM3 24.90 
(38.24) 

8.093 
(10.416) 

-6.310  
(-6.495) 

2.460 
(2.025) 

0.203 
(0.494) 

-305.72  
(-563.15)* 

-1.56x103 
(-1.79x103) 

PM6 24.22 
(47.43) 

6.594 
(8.927) 

-5.655  
(-6.05) 

2.425 
(2.05) 

0.183 
(0.488) 

-226.64 
(-379.76)* 

  -5.72x102 

(-1.07x103) 

Mn(II) complex  

DFT 13.77 
(17.18) 

1.256 
(0.128) 

-1.565 
 (-0.595) 

0.975 
(1.385) 

0.513 
(0.722) 

-3692.132 
(-7755.174) 

+1.51x103 
(-5.78x104) 

PM3 21.71 
(22.54) 

8.030 
(5.617) 

-6.400  
(-6.075) 

2.550 
(3.285) 

0.196 
(0.304) 

 -284.19  
( -614.24)* 

-9.23x102 
(-2.36x103) 

PM6 33.25 
(38.92) 

5.560  
(6.600) 

 

-5.665 
 (-6.640) 

2.885 
(3.34) 

0.173 
(0.299) 

-229.99  
(-665.67)* 

-4.44x102 
(-1.09x103) 

 

*Semi-empirical energies represent heat of formation (kcal/mol) and parameters for bimetallic (II) complexes are 
in values parentheses. 

 
Table 4: Mulliken charges on the selected atoms of Cu(II) and Mn(II) Complexes calculated by B3LYP/6-311G(d,p) 

Method. 
 

 Atom Ligand Cu(II) complex Mn(II) complex 

N1 -0.314 -0.312 -0.315 

N2 -0.294 -0.277 -0.333 

Metal ion - 0.469 1.012 

                                                           Double Metal complex 

N1       - -0.310 -0.302 

N2       - -0.365 -0.360 

N3       - -0.280 -0.288 

N4       - -0.382 0.307 

M1(M2)       - 0.446 (0.498) 1.002 (1.023) 

 
The stabilization energy of 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-4,4′-disulfonic acid (ligand) involved in 

coordination with Cu (II) and Mn (II) ions are calculated at both semi-empirical and DFT methods as presented in 
equation 1  [21-24].  

 
Stabilization energy (S.E) = E[M(II)L] - [E(M2+) + 4E (H2O) + E (L)]     -------- (1)      
 
where M = Cu or Mn, L = -(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-4,4′-disulfonic acid and E = energy of each specie, 
ºHf = standard heat of formation calculated using semi-empirical (PM3 and PM6) methods for each specie. 



ISSN: 0975-8585 

May – June  2019  RJPBCS  10(3)  Page No. 10 

 The total energies calculated at DFT for the two complexes [CuL] and [MnL] are            -4181.546 and -
3692.132 au respectively; and -8235.094 and -7755.174 au for bimetal complexes of Cu(II) and Mn(II) ions 
respectively (Table 3). The heat of formation (ºHf) calculated at PM3 (PM6) are -305.72 (-226.64) and -563.15 (-
379.76) kcal/mol for mono Cu(II) and bimetallic Cu(II) complexes respectively. For Mn(II) complex ion, the ºHf 
calculated at PM3 and PM6 are -284.19 and -229.99 kcal/mol for mono Mn(II) complex ion; and -614.24and -
665.67 kcal/mol for bimetallicMn(II) complex ion respectively. The calculated S.E (kcal/mol) for mono Cu(II) and 
Mn(II) complexes are  -1.56x103 and -9.23x102 at PM3; and -4.44x102 and  -5.72x102 at PM6 showing that 
formation of mono Cu(II) complex ion is favoured over the counterpart Mn(II) complex. However, the formation of 
bimetallic Mn(II) complex is favoured thermodynamically in line with experimental results [28] as shown in Table 3.  
The S.E calculated at DFT for mono Cu(II) and bimetallic (Cu(II) complexes are -2.62x102 and +7.96x104kcal/mol 
respectively, whereas these are calculated to be +1.51x103 and -5.78x104 kcal/mol for mono and bimetallic Mn(II) 
complexes respectively. The S.E calculated at DFT showed that formation of mono Mn(II) complex and bimetal 
Cu(II) complex  are not feasible thermodynamically. Therefore, this might account for inability to synthesize mono 
Mn(II) and bimetallic Cu(II) complexes as observed experimentally [28]. 
 

CONCLUSION 
 

In this paper, quantum chemical calculations were carried out on Cu(II) and Mn(II) compound of 3-(2-
pyridyl)-5,6-diphenyl-1,2,4-triazine-4,4′-disulfonic acid (H2pdtd). The geometric and electronic properties have 
been keenly studied using semi-empirical (PM3 and PM6) and DFT/B3LYP/6-31G(d,p) methods. The computational 
results revealed that geometries and molecular parameters calculated at DFT agreed with/closer to the 
experimental data than semi-empirical methods; and the results from PM3 calculations are superior to PM6. The 
calculated reactivity indices showed that mono Cu(II) and bimetal Mn(II) complexes are harder, more 
thermodynamic stable and less polarizable. The stabilization energies calculated especially using DFT method 
showed that that formation of mono Mn(II) complex and bimetal Cu(II) complex  are not feasible but rather  mono 
Cu(II) and bimetallic Mn(II) complexes are thermodynamically favoured. This might account for the synthesis mono 
Cu(II) and polymeric nature Mn(II) complexes.  
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