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Abstract 

A new 1,2,4-triazole-based azo-azomethine compound, H2L, has been prepared by 

condensation reaction of 1-(3-Formyl-4-hydroxyphenylazo)-4-ethylbenzene with prepared 

triazole-based diamine. The structure of H2L was characterized by using FT-IR, UV-Vis 

and 1H NMR spectroscopic methods as well as elemental analysis. Hard model 

chemometrics method has been used to determine the formation constants of zinc(II), 

copper(II), nickel(II) and cobalt(II) complexes of H2L in DMSO by UV-Vis 

spectrophotometric method. Solvatochromic behavior of the dye has been also investigated 

in some organic solvents with different polarities. Thermal properties of the prepared dye 

was examined by thermogravimetric analysis. Results indicated that the framework of the 

dye was stable up to 245 oC.  Furthermore,1H chemical shifts and UV-Vis of H2L were 

studied by the gauge independent atomic orbital (GIAO), continuous set of gauge 

transformations (CSGT) and Time-dependent density functional theory (TD-DFT) methods 

respectively at the level of density functional theory using B3LYP/6-311+G(d) basis sets in 

DMSO. The computational data are in reasonably good agreement with the experimental 

data.  
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1. Introduction 

Azo dyes are well-known class of organic photoactive materials due to their excellent 

optical switching properties, good chemical stabilities and high solution process abilities 

[1,2]. These materials are widely used in heat transfer printing and textile industries [3,4], 

optical data storage [5], switching technologies [6], photo-refractive polymer industries [7] 

and have been widely used in many biological reactions [8-10] and in analytical chemistry 

[11]. Recently, azo-aomethine dyes have also attracted increasing attention due to their 

interesting electronic and geometrical features in connection with their application for 

molecular memory storages [12], nonlinear optical elements [13], printing system [14] and 

biological-medical studies [15,16]. Therefore, several studies have been published on the 

synthesis and spectral properties of azo-azomethine dyes, as well as their transition metal 

complexes [17-22]. Among the plethora of new synthetic azo-azomethine dyes those 

containing 1,2,4-triazoles are of particular interest for several reasons. 1,2,4-Triazoles are 

stable compounds with rich and well-known chemistry [23-26]. The incorporation of 1,2,4-

triazole into acyclic and/or macroacyclic ligands has facilitated the isolation of a wide range 

of transition metal complexes with interesting electrochemical and magnetic properties [27-

29]. Also, their electronic properties make them suitable for surface enhanced resonance 

Raman scattering (SERRS) studies [30,31]. These diversified applications are at least in part 

a consequence of the numerous approaches that are available for the insertion of specific 

functionalities into the triazole nucleus.  

As part of our ongoing interest in the synthesis and spectral studies of 1,2,4-triazole-based 

azo-azomethine dyes [25,26], we report the newly prepared azo-azomethine compounds on 

1,2,4-triazole-based moiety (Figure 1) and computationally investigated their intense 

electric absorption band in visible region, which is decisively responsible for their color 

appearance.  The prepared dye has been characterized by spectroscopic methods (1H NMR, 
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UV–Vis and IR) as well as elemental analysis data. 1H NMR spectrum of more stable 

tautomer, azo tautomer, was successfully simulated using Continuous Gauge Independent 

Atomic Orbitals/Density Functional Theory (GIAO/DFT) [32,33] and Continuous Set of 

Gauge Transformations/Density Functional Theory (CSGT/DFT) [34,35] with the B3LYP 

functional. Also, in order to theoretically establish the more stable tautomer in DMSO 

solution, we tried to assign the UV-Vis spectrum of dye by Time-dependent density 

functional theory (TD-DFT) [36]. The thermal property of the prepared azo dye was 

examined by thermogravimetric analysis which indicated that H2L was stable up to 245 oC.  

 

Figure 1 

 

2. Experimental  

2.1. Materials  

   All of the reagents and solvents involved in synthesis were of analytically grade and used 

as received without further purification. Salicylaldehyde, 4-ethylaniline, 1,3-

bis(bromomethyl)benzene and hydrazine (80%) were obtained from Aldrich and Merck.  

2.2. Instrumentation  

   The structure of all synthesized compounds was confirmed by 1H NMR spectra, recorded 

on a Bruker AV 300 MHz spectrometer. FT-IR spectra were recorded as pressed KBr discs, 

using Unicom Galaxy Series FT-IR 5000 spectrophotometer in the region of 400-4000 cm-1. 

Melting points were determined on Electrothermal 9200 apparatus. Thermal analysis was 

performed on a TGA V5.1A DuPont 2000 and Perkin-Elmer Thermogravimetric Analyzer 

TG/DTA 6300 instruments. C.H.N. analyses were performed on a Vario EL III elemental 

analyzer. Electronic spectral measurements were carried out using Agilent hp 8453 

spectrophotometer in the range 300-800 nm using 1 cm path quartz cells. The measurements 
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were performed at 25 (±0.5) °C. The pH measurements were made using a Metrohm 691 

pH meter equipped with a glass calomel combined electrode. All calculations were 

performed in MATLAB 7.8 (R2009a) and Microsoft Excel 2007. Electrochemical 

measurements were recorded on an Autolab 30V potentiostat/galvanostat for Eco 

Chemicompony. All readings were taken using three electrode potentiostatic systems in 

DMSO with 0.1 mol cm-3 tetrabutylammonium perchlorate (TBAP, electrochemical grade) 

as supporting electrolyte. A three-electrode assembly composed of a platinum working 

electrode, a platinum auxiliary electrode, and Calomel reference electrode was used with 

sample concentrations of 1×10-3 M. 

2.3. Theoretical calculations 

   The structure data, 1H chemical shifts of H2L and TD-DFT calculation in DMSO were 

calculated using Gaussian-03 [37] series of programs. A starting molecular mechanics 

structure for the DFT calculations was obtained using the Hyper Chem 5.02 program [38]. 

The geometry of the prepared compound was fully optimized at the B3LYP/6-31G* level. 

Vibrational frequency analyzes, calculated at the same level of theory, indicate that the 

optimized structure is at the stationary points corresponding to global minima without any 

imaginary frequency. The calculations of the computed magnetic isotropic shielding tensors 

were performed using GIAO/DFT [32,33] and CSGT/DFT [34,35] methods at the 

B3LYP/6-311++G(d) basis set. In both step of DFT and TD-DFT calculations, solvent 

effects of ethanol and DMSO were included using the Polarizable Continuum Model (PCM) 

[39]. The default Gaussian03 PCM implementation (non-equilibrium formulation) is 

suitably designed to predict UV/Vis spectrum described within the vertical transition 

scheme, where solvent polarization responds to the change of electronic distribution of the 

excited state molecules with the molecular orientation fixed during electronic transition. 

The NBO calculations [40] were performed using NBO 3.1 program as implemented in the 
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Gaussian 03W package at the DFT/B3LYP level in order to understand various second 

order interactions between the filled orbitals of one subsystem and vacant orbitals of 

another subsystem, which is a measure of delocalization or hyper conjugation. The second-

order fock matrix was used to evaluate the donor-acceptor interactions in the NBO basis 

[41]. For each donor NBO(i) and acceptor NBO (j), the stabilization energy E(2) associated 

with the i to j delocalization is estimated as 

                                     E (2) =∆Eij = [qi (Fij) 2] / [ εi − εj]                                              (1) 

Where qi is the donor orbital occupancy, εi, εj are diagonal elements (orbital energies) and 

Fij is the off diagonal element associated with NBO matrix. 

2.4. Thermodynamic calculations 

    The pH of the solution (DMSO/water, 1/10 V/V) containing H2L (25 mL of 5.0 × 10-5 M) 

was gradually adjusted in the range of 9.0 using potassium hydroxide solution. Then the 

absorbance spectra of the solution were recorded in wavelength range of 320–600 nm. All 

experiments were carried out at the temperature (25 ± 0.5) °C. Therefore, the effect of the 

addition of metal ions to the DMSO solution of H2L was studied. The concentration of H2L 

in DMSO was kept constant, and the metal ions were progressively added to the solution. 

After each addition, UV–Vis spectra of the solution were recorded. 

2.5. Synthesis 

2.5.1. synthesis of 1,3-bis(4-amino-3-(4-pyridyl)-5-thiomethyl-1,2,4-triazole)benzene (L
2
)  

    To a solution of 4-amino-3-(4-pyridyl)-5-mercapto-1,2,4-triazole (2 mmol) in aqueous 

ethanol (50 ml) containing KOH(2 mmol) was added 1,3-bromomethylbenzene (1 mmol). 

The reaction mixture was heated under reflux for 1 h. The solvent was removed in vacuo 

and the remaining solid was collected and washed with water (see supporting 

information).1H NMR(d6-DMSO, ppm): 4.46(s, 4H), 6.23(s, 4H), 7.29(m, 3H), 7.56(s,br, 

1H), 7.98(dd, 4H, J=6.00 Hz), 8.72(dd, 4H, J= 6.00 Hz). IR (KBr, cm-1); 3334 and 
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3267(NH2), 1602 (C=C, C=N),1464,1556 (C=C-N), 1105 (N-N). Anal.Calcd. for 

C22H20N10S2: C, 54.08; H, 4.13; N, 28.67; S, 13.13. Found: C, 54.2; H, 3.7; N, 28.3; S, 13.3. 

 

2.5.2. synthesis of azo-azomethine dye, H2L 

    A suspention of compound L2 (0.48 g, 1 mmol) in acetic acid (2 mL) was added to a 

stirring solution of azo-coupled precursors, L
1, (2 mmol) in Ethanol (25 mL) during a 

period of 10 min at 80 ºC(see supporting information). The mixture was refluxed for 15 h at 

80 ºC with stirring and then was filtered whilst hot and the obtained solid was washed with 

hot ethanol (three time) and then with diethylether. The resulted product was dried in 

air.Yield: 85.7 %, m.p 206 ºC. 1H NMR (d6-DMSO, ppm): δ1.20 (t, 6H), 2.65 (q, 4H), 4.39 

(s, 4H), 7.12 (br, s, 1H), 7.15 (br, s, 1H), 7.24 (br,m, 3H), 7.37 (dd,5H, J=8.1), 7.77(dd, 4H, 

J=8.1), 7.81(d, 4H, J=4.58), 7.98(br, dd, 2H), 8.33(br, m, 2H), 8.69(d, 4H, J=4.58), 8.97(s, 

2H), 11.43(br, 2H). IR (KBr, cm-1); 1602(C=N), 1433(N=N), 1263(C-O), 1217(N-N),841 

(C-S) and 829(NCNtriazole ring). Anal. Calcd. for C52H44N14O2S2.H2O: C, 64.98; N, 20.40; H, 

4.61; S, 6.67. Found: C, 64.8; N, 20.2; H, 4.3; S, 6.2%. 

3. Result and discussion 

3.1. Characterization    

    The IR spectrum of H2L containing stretching bands  at 1616, 1433 cm-1 which are 

assigned for azomethine, N=N and N-N bands, respectively [25,26]. The 1H NMR spectrum 

of the H2L contains slightly broad signals in the region 11.58 ppm assigned to OH protons 

(Table 3), as were confirmed by deuterium exchange when D2O was added to d6-DMSO 

solution. The CH=N imine protons exhibit a singlet resonance in the region 8.96 ppm. 

Electronic absorption spectra of the H2L recorded in DMSO, display mainly two bands, 

Table 1 and Fig. 2. The first band located at 320–393 nm corresponds to π-π* transition 

involving the π-electrons of the azo and azomethine groups [42]. The broad band observed 
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in the range 410–516 nm can be assigned to an intramolecular charge transfer interaction 

involving the whole molecule of dye, especially for azo groups. 

Figure 2 

 

3.2. Solvent effect on absorption spectra of the dyes 

To evaluate the intermolecular forces between solvents and solute molecules, we carried out 

a preliminary study of the absorption spectra for prepared dye in selected solvents of 

different solvation character (DMSO, THF and 1,4-dioxane) at room temperature, Fig. 2. 

The results are given in Table 1.  On the base of Kamlet–Taft parameters [43], it was found 

that the absorption band at 320–393 nm generally shows bathochromic shift (positive 

solvatochromism) as the polarity of solvent was increased. The influence of solvents for the 

prepared dye increases in the order DMSO > THF > 1,4-dioxane.  

Table 1 

3.3. Electrochemistry of H2L 

To obtain a deeper insight into the ground state properties and more specifically the mutual 

donor–acceptor electronic influence of ethyl group, we studied the redox properties of the 

H2L by cyclic voltammetry (Figure 3). The azo-azomethine compound (H2L) two 

irreversible peaks were showed. The irreversible anodic peak in the potential of + 0.85 V 

(vs. Calomel) may be assigned to the irreversible oxidation of the triazole moiety [44]. 

Also, the H2L displayed an irreversible reduction peak in the potential of -0.67 V (vs 

Calomel). This peak can be attributed to the reduction of the azo compounds to hydrazone 

derivatives [45].  

Figure 3 
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 The cyclic voltammogram of dye was recorded at six different scan rates. The reduction 

and oxidation peaks are mostly dependent upon the scan rate. As the scan rate is increased 

the wave height increased and shift to positive and/or negative potential. Moreover, the 

irreversible nature of the reduction processes of azo groups was confirmed from the shift of 

the wave potentials to more negative values on increasing the scan rate [46]. 

3.4. Thermal properties 

    In order to give more insight into the structure of the prepared dye, the thermal study of 

H2L has been carried out using thermogravimetry techniques. In the present investigation, 

the heating rates were suitably controlled at 10 oC min−1 under N2 atmosphere and the 

weight loss was measured from 25 oC up to 700 oC.  

The initial decomposition and inflection temperatures have been used as an indication on 

the thermal stability of the prepared compound. The TG result indicates that the framework 

of dye is stable up to 245 oC, Figure 4, Table 2.   

Table 2 

Figure 4 

The presence of water or solvent molecules in the lattice of the dye is supported by the 

results of thermogravimetric analysis. The first stage of mass loss is observed between 25–

221 oC which is in agreement with the calculated values for the removal of water molecule 

from the compound.  

3.5. Computational results of 
1
H NMR study 

   The calculations for three possible tautomers of H2L (see supporting information) done by 

undertaking a full geometry optimization at the B3LYP/6-311+G(d) level of theory.  

 

Table 3 
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    The 1H NMR chemical shifts of all hydrogens for most stable tautomer, azo tautomer, 

were calculated on the optimized structures of compounds using GIAO/DFT method and 

CSGT/DFT method with 6-311+ G(d) basis set for all atoms. Calculated and measured 1H 

chemical shifts of all hydrogens are tabulated in Table 3. The correlations between 

experimental and computed chemical shifts of hydrogens are shown in Fig. 5. The 

correlations are linear and they are described by the equation: 

                                                             = a + b δ                                                          (2) 

a and b are: 

= - 0.8775 δ + 31.9460 (R2 = 0.9882); for GIAO method 

= - 0.6296 δ + 29.1010 (R2= 0.9792); for CSGT method 

   The small errors in the calculations toward experimental data can be due to existence 

equilibriums between three possible tautomers in solution. 

 

Figure 5 

 

3.6. Electronic structure and Natural Bonding Orbital (NBO) Analysis 

   The calculated electronic spectra of three stable tautomers of H2L in DMSO are 

represented in Table 4. The theoretical spectra have been obtained by a TD-DFT treatment 

with taking into account the solvent effect, at the 400-500 nm regions. For azo, hydrazone 

and enaminine tautomers the position of calculated electronic transitions are 479.34- 

479.06, 446.07- 444.51 and 449.28 nm, respectively (see supporting information). Among 

the tautomers considered in the present work, the azo tautomer has the best agreement to 

experimental data (Table 4) and is suggested to be the most populated one in experiment. 

The little errors between theory and experiment originates from (i) the temperature effects, 

which are only partly included in our solvation model; (ii) the vibrational effects that are not 
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taken into account; (iii) more essentially, the fact that PCM does not explicitly take into 

account H-bonds; and (iv) surely, the existence various tautomeric forms of the compound 

in solution. 

Table 4 

    To shed more light on the nature and origin of the observed transitions, we conducted 

NBO calculation for most stable tautomer in solution, azo tautomer (Table 5). Some strong 

intramolecular interactions, which are formed mostly by the overlap between n(N–N) and 

σ*(C-N), σ*(N–N), π*(C–N) and π*(N–N) bond orbital in the azo and azomethine groups, 

which leads intramolecular charge transfer (ICT) causing stabilization of the system have 

revealed by the NBO analysis. 

Table 5 

    The strong intramolecular hyperconjugative interaction of the lone pair to σ and π 

electrons of the azo moieties results to stabilization of azo tautomer as evident from Table 5. 

Such as, the intramolecular hyperconjugative interaction of the LP(N93) distribute to 

π*(N92–N93) stabilization of 65.78 kcal mol−1. This enhanced further conjugate lone pair of 

nitrogen atoms with antibonding orbital π*(N22–C24), (N32–N33) and (N22–C24) which results 

to strong delocalization of 7.40, 6.95 and 7.09 kcal mol−1, respectively. 

3.7. Analysis of experimental data 

    In order to obtain some information about the stoichiometry, stability and selectivity of 

H2L toward different two valent metal ions, we investigated the complexation of H2L with 

Cu2+, Co2+, Ni2+ and Zn2+ ions spectrophotometrically in DMSO at pH=9. It was found that 

the addition of metal ions to the H2L solution affected on absorption spectrum of the ligand. 

The changes in the UV–Vis spectrum of H2L upon addition of Cu2+, Co2+, Ni2+ and Zn2 ions 

are presented in Figs. 6, respectively (see supporting information).  
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The maximum wavelength of the ligand was observed at 366 nm. The maximum 

wavelengths of complexes were observed at 356, 348, 349 and 336 nm for Cu2+, Co2+, Ni2+ 

and Zn2+, respectively. Notably, the CT1 band, shoulder band, at ca. 442 nm decreased 

gradually, and the band of ligand shift to lower wavelength simultaneously with increasing 

metal ions concentration. Also, the clean isobestic points at ca. 350–383 nm appear after 

addition of metal ions, indicating interaction between metal ions and ligand. 

Figure 6 

The conditional stability constants were calculated by using hard-modeling analysis of 

spectrophotometric-mole ratio data. The computational procedure was performed using 

some Matlab codes written in our laboratory. The calculated spectra profile and 

concentration profiles are shown in Supplementary material. The best model of complex 

equilibrium in solution for each metal ion was selected based on the degree of calculated 

fitting and experimentally recorded spectra (i.e. total residual sum of squares), the shape of 

spectra profiles (molar absorptivity) and meaningful concentration profiles (the non-

negativity and unimodality restrictions). The stability constants values as well their standard 

deviation are listed in Table 6. The data show the sequence of the stability constants of 

complexes vary as Zn(II) > Ni(II) > Cu(II) > Co(II). This may be due to different geometry 

tendencies of the metal ions. The high stability constants of ML and ML2 for zinc and 

nickel complexes, respectively, makes H2L superior as a suitable ligand for developing an 

analytical method for selective determination of zinc and nickel ions. 

Table 6 

 

Conclusion 

     Synthesis, FT-IR, 1H NMR and UV–Vis data of new acyclic 1,2,4-triazole-based azo-

azomethine dye, H2L, is reported. The 1H NMR chemical shifts of azo tautomer of H2L in 
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DMSO solution was also systematically studied by GIAO/DFT and CSGT/DFT methods at 

B3LYP/6-311++G(d) basis set. The GIAO/DFT computed magnetic isotropic shielding 

tensors correlate better with the experimental data than the CSGT/DFT ones. Moreover, the 

conditional stability constants were calculated by using hard-modeling analysis of 

spectrophotometric-mole ratio data. The data show the sequence of the stability constants of 

Cu2+, Co2+, Ni2+ and Zn2+ complexes of H2L vary as Zn(II) > Ni(II) > Cu(II) > Co(II). This 

may be due to different geometry tendencies of the metal ions. The high stability constants 

of ML and ML2 for zinc and nickel complexes, respectively, makes H2L superior as a 

suitable ligand for developing an analytical method for selective determination of zinc and 

nickel ions. Also, The TD-DFT and NBO studies showed that the azo tautomer are more 

stable in DMSO solution and the UV-Vis band at 466 nm can be assigned to transition band 

from lone pair of nitrogens, in azo groups, to π* and σ* of azo, azomethine and phenol 

moieties.   
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Table 1. Absorption spectral data of H2L in various solvents. 
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Solvent 
λ max/nm 

(ε 10
3
/M 

-1
 cm

-1
) 

  

DMSO 
344(44.0) 
466(10.1) 

  

1,4-Dioxane 
339(58.9) 

---- 

THF 
336(55.7) 

---- 
  

 
 

 

Table 2: Thermal analyses data for H2L 

 

 

 

  

 

 

Compound, M.F. 
(M. Wt.) 

Dissociation 
Stages 

Temperature 
range in TG (ºC ) 

Weight loss, 
Found 

(Calculated) 
(%) 

Proposed decomposition 
assignment 

Td (ºC ) 

      

H2L , C52H44N14O2S2 
(961.13) 

Stage I 
Stage II 
Stage III 
Stage IV 

25-121 
121-284 
284-378 
378-700 

1.8 (1.84) 
28.4 (28.41) 
36.5 (36.47) 

---- 

The loss of 1 molecule H2O 
The loss of C9H7N9S 
The loss of C9H9N5O2S 

The loss of remaining parts 

 
245 
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Table 3: Selected hydrogen chemical shifts (δ, ppm) in d6-DMSO and calculated magnetic 

isotropic shielding tensors for more stable isomer of H2L. 

H2C CH2

S S
NN

N
N

NN

N
N N

N
HH HOOH

NN N N

CH2

H2C
H3C

CH3

1

2
3 4

5

6
7

8 9

10
12

16

13

14

15

11

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Atoms experimental GIAO/DFT  CSGT/DFT 

H1 7.12 25.9450 24.879 

H2 7.15 25.4550 24.5249 

H3 7.22 25.7295 24.6533 

H4 7.24 25.1098 24.412 

H5 4.39 28.1650 26.1416 

H6 7.81 24.6805 23.9977 

H7 8.69 24.3933 23.1972 

H8 8.97 24.093 23.7557 

H9 11.43 23.5268 25.4932 

H10 8.33 24.7009 24.1737 

H11 7.32 25.7706 24.3438 

H12 8.01 24.9848 24.0817 

H13 7.77 25.2356 24.2402 

H14 7.37 25.3533 24.4534 

H15 2.65 29.4824 27.5124 

H16 1.20 31.0495 28.3982 



  

18 
 

Table 4: Calculated optical transitions (f > 0.04) for H2L tautomers in DMSO at B3LYP/6-311+g(d). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a azo tautomer;  b hydrazone tautomer; c  enaminone tautomer; d oscillator strength; e Intramolecular charge 
transfer 

 
 
 
 
 
 
 
 
 
 

Tautomer λ (nm) 
Predominant 
transitions 

f 
d 

Contribution 
(%) 

     
a 

     
479.34 
 

HOMO�LUMO+1 
HOMO�LUMO+3 
HOMO-1�LUMO 
HOMO-1�LUMO+3 
HOMO-1�LUMO+2 
 

0.1510 5.28 
12.08 
16.75 
2.54 

37.54 
 

479.06 HOMO�LUMO+1 
HOMO�LUMO+2 
HOMO�LUMO+3 
HOMO-1�LUMO+2 
 

   0.0562 16.58 
2.68 

37.63 
11.91 

409.54 HOMO�LUMO+1 
HOMO-1�LUMO 
HOMO-1�LUMO+1 
HOMO-1�LUMO+2 
 

0.1042 3.57 
60.84 
2.44 

23.16 

b 
 

446.07 HOMO-1�LUMO     
HOMO-2�LUMO 
HOMO�LUMO+1      

0.6354 58.86 
19.09 
9.09 

 444.51 HOMO�LUMO+1 
HOMO-1�LUMO      
HOMO-2�LUMO+1      
 

0.6940 58.24 
9.09 
4.54 

c 494.46 HOMO-1�LUMO 
HOMO-1�LUMO+2 
HOMO�LUMO+1  

0.3878 31.45 

15.13 
18.63 

 
493.81 HOMO�LUMO+1 

HOMO�LUMO+3 
0.0811 30.69 

15.63 

449.28 HOMO�LUMO+3 0.0174 43.63 
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Table 5: Second-order perturbation theory analysis of Fock matrix on NBO basis for most stable 

tautomer of H2L, azo tautomer, by using B3LYP/6-311+g(d). 

 

Donor(i) 
Occupancy 

(ED/e) 
Acceptor(j) 

Occupancy 

(ED/e) 

E(2)
a
 

(Kcal/mol) 

Ej-Ei 
b 

(a.u.) 

F(i,j)
c 

(a.u.) 
       

LP(N32)
 d

 1.90562 σ*(N33-C34) 0.05237 14.23 0.78 0.095 
σ*(C26-O31) 0.02106 0.90 0.40 0.017 
π*(N21-C23) 0.17812 2.51 0.21 0.020 
π*(N32-N33) 0.14248 6.95 0.16 0.030 

LP(N33) 1.89829 σ*(N32-C29) 0.05378 18.13 0.57 0.092 
π*(N32-C29) 0.38861 7.09 0.40 0.052 

LP(N92) 1.90600 π*(N22-C24) 0.17609 7.40 0.31 0.046 
π*(N92-N93) 0.14235 3.65 0.14 0.021 
σ*(N92-N93) 0.01273 5.51 0.73 0.058 

LP(N93) 1.89734 π*(N22-C24) 0.17609 1.87 0.93 0.026 
π*(N92-N93) 0.14235 65.78 0.14 0.087 
σ*(N92-N93) 0.01273 2.05 0.90 0.039 
     

 
a E(2) means energy of hyper conjugative interactions (stabilization energy). 
b Energy difference between donor and acceptor i and j NBO orbitals. 
c F(i, j) is the Fock matrix element between i and j NBO orbital. 
d LP(A) is a valence lone pair orbital on A atom. 
 
 
 
Table 6. Results of logKβ for Metal-Ligand Complexes a 

 Metal / Ligand logKβ  Metal / Ligand logKβ 
      
 ML 3.7880   ML2 9.0531  

Cu
2+

 ML2 8.7697  Ni
2+

 M2L 11.0376  

 SSE 
b
   SSE 0.01 

      
 ML 4.2794   ML2 8.8350  

Zn
2+

 M2L 10.5346  Co
2+

 M2L 11.6407  

 M3L 15.5474   SSE 0.01 

 SSE 0.01    
      
 
a L, Schiff base; b SSE, Sum of Squares Errors. 
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Figure Captions: 

 
 

Figure 1: The synthesized 1,2,4-triazole-based azo-azomethine dye (H2L) 

Figure 2: The electronic absorption spectra of H2L (3.0×10−5 M) in various solvent  

Figure 3: Cyclic voltammogram for 3b (1.0×10−3 M) in DMSO solution with various scan rates  

Figure 4: TGA/DTA of H2L 

Figure 5: Plot of experimental chemical shifts vs. magnetic isotropic shielding tensors from the 

GIAO and CSGT methods at B3LYP/6-311+G(d) calculation for most stable tautomer (azo 

tautomer). 

Figure 6: Experimental absorption spectra for the Zn2+ complex with H2L at pH=9. The 

analytical concentration of H2L is 2.0 10-5 (mol L-1), The concentrations of metal is: (1) 0.0; (2) 

1.0  10-6; (3) 4.0  10-6; (4) 8.0  10-6; (5) 10.0  10-6; (6) 12.0  10-6; (7) 14.0  10-6; (8) 16.0 

 10-6; (9) 18.0  10-6; (10) 20.0  10-6; (11) 24.0  10-6 ; (12) 26.0  10-6; (13) 28.0  10-6; 

(14) 30.0  10-6; (15) 32.0  10-6 ; (16) 36.0  10-6 ; (17) 40.0  10-6 (mol L-1). 
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Figure 5 
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Highlights 

• New azo-azomethine dye on base of 1,2,4-triazole has synthesized.  

• The first TD-DFT and NBO studies on azo-azomethine dye have been reported. 

• Hard model chemometrics method has been used to determine the formation constants of 

zinc(II), copper(II), nickel(II) and cobalt(II) complexes of dye in DMSO. 

• The 1H NMR chemical shifts of azo tautomer was studied by GIAO and CSGT methods 

at B3LYP/6-311++G(d) basis set. 

 


