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Complex Studies of 1,2,4-Triazoles 

Heterocyclic aromatic compounds containing nitrogen and oxygen have gained great 

importance globally not only because of their prevalence in natural products, but also because 

of their biological (natural or synthetic antioxidants known as exogenous are believed to have 

positive effects on health and disease prevention (Harmankaya et al., 2020, 2021; Harmankaya 

& Harmankaya, 2022) photochemical, optoelectronic, theoretical, pharmacological properties 

and industrial importance (Beytur, 2020; Boy, Aras, et al., 2021; Boy, Türkan, et al., 2021; Koç 

et al., 2020; Kotan et al., 2020; Turhan Irak & Beytur, 2019; Uğurlu & Beytur, 2020). There 

are many studies showing that many metallo-biomolecules with N and S atoms in their structure 

play an important role in the coordination of metals in their active sites. Metallo-organic 

chemistry (Sertçelik & Durman, 2020; Sertçelik, 2021; Sertçelik et al., 2018; Sugeçti & 

Büyükgüzel, 2021) has an important area of research as new metal-based compounds with 

antibacterial and antifungal activities are needed (Scozzafava & Supuran, 2000). The presence 

of 1,2,4-triazole structure in ligand systems has contributed significantly to science. Recent 

studies of the coordination structure of 1,2,4-triazole allow the formation of polydentate binding 

sites, which increases the stability of the complex formed due to chelation, the effect of 

substituents carrying donor atoms  (Burke et al., 2004; Haasnoot, 2000; Klingele & Brooker, 

2003).  

In recent years, many studies have been done on organotin(IV) complexes due to their important 

industrial and biological applications. Organotin(IV) complexes provide coordination with 

hetero-donor atoms through intermolecular and intramolecular interactions due to their low 

level of vacant 5d atomic orbitals and electron accepting ability of Sn atoms (Chandrasekhar et 
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al., 2002; Chaudhary et al., 2006). There are also few studies on the photo- and 

electroluminescent properties of Zn and Cd triazole coordination compounds (Chen et al., 

2006). 

The nickel complexes of 1,2,4-triazole-derived amido-functionalized N-heterocyclic carbene 

ligands were synthesized and structurally characterized. In particular, [1-(R)-4-N-(furan-2-yl-

methyl)-acetamido-1,2,4-triazol-5-ylidene]2Ni [R=Et, i-Pr and Bn] complexes were obtained 

by direct reaction of the corresponding triazolium chloride salts by treatment with NiCl2•6H2O 

in the presence of K2CO3 as the base. Density functional theory (DFT) studies performed on 

these complexes revealed the highly polar character of the NHC-Ni σ-bond interaction with the 

corresponding molecular orbital having the maximum contribution (59-69 %) from the NHC 

ligand fragments while providing the minimum contribution (4 %) from the central nickel atom 

(Kumar et al., 2015). 

 

 

Figure 1. The nickel complexes of 1,2,4-triazole derived amido-functionalized N-heterocyclic 

carbene ligands (Kumar et al., 2015). 

 

Cu(II) complexes were synthesized by reacting the at a ratio 1:1 M of newly prepared 3-R-

1,2,4-triazole Schiff bases [R=H, CH3 and C2H5] with CuCl2•2H2O in the presence of sodium 

acetate trihydrate at reflux temperature. Not all synthesized complexes are electrolytes in N,N-

dimethylformamide. CuO nanoparticles were synthesized by thermal decomposition of newly 

prepared Cu(II) triazole Schiff base complexes as solid precursors. The synthesized CuO 

nanoparticles were characterized using HR-TEM, FT-IR, XRD and optical properties. All 

Schiff bases, their Cu(II) complexes and CuO nanoparticles showed moderate activity against 

both pathogenic bacterial strains (Escherichia coli & Staphylococcus aureus) and weak 

antifungal activity (Aspergillus flavus & Candida albicans) (Aly et al., 2015). 
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Figure 2. Cu (II) complexes of 3-R-4-amino-5-mercapto-1,2,4-triazole Schiff bases (Aly et al., 

2015). 

 

The novel triorganotin of Schiff base (E)-4-amino-3-(2-(2-hydroxybenzylidene)hydrazinyl)-

1H-1,2,4-triazol-5(4H)-thion with the general formula R3SnL complexes derived from the 

condensation of 4-amino-3-hydrazino-5-mercapto-4H-1,2,4-triazole and 2-hydroxy-

benzaldehyde was synthesized by the sodium salt method. Spectroscopic characterization 

showed that in these 1:1 monomeric derivatives, that the deprotonated hydrazino-Schiff base 

behaves as a monoanionic bidentate coordinated along the ophenolic and nasometine and the 

polyhedron around the tin atom shows that it has a distorted trigonal-bipyramidal geometry. 

NBO analysis was performed to analyze intramolecular and intermolecular interactions leading 

to stabilization in the studied systems. A detailed vibration assessment was successfully 

performed for all complexes, and the comparative analysis between the experimental and 

simulated IR vibration frequencies of both complexes shows a good correlation between them. 

Boundary MOs have been defined for the complexes. Here, the HOMO is concentrated on the 

ligand moiety, and the LUMO center is concentrated around the tin atom. The synthesized 

complexes have showed either equivalent or better in vitro antifungal activity as compared to 

Schiff base with reference to Amphotericin B against Aspergillus flavus and Fusarium 

oxysporum. In silico, docking studies on the active site of cytochrome P450 14-α-demethylase 

were also performed (Joshi et al., 2019). 
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Figure 3. Triorganotin(IV) complexes of o-hydroxy schiff base (Joshi et al., 2019). 

 

Reaction of 3-(Pyridin-2-yl)-5-(2-aminophenyl)-1H-1,2,4-triazole with salicylaldehyde or 

benzaldehyde gives rise to a new 1,2,4-triazole derivatives. Reactions of ligands with zinc 

acetate in ethanol, two new complexes are obtained with the azomethine or dihydrotriazine 

indolizine form of the ligands. The structures of the synthesized complexes were investigated 

by X-ray analysis. The complexes showed strong green-blue luminescence in the solid state. 

Zinc complexes synthesized with high thermal stability and high luminescence are expected to 

be an important agent for organic light production (Gusev et al., 2011). 

 

 

Figure 4. Zn complexes of 1,2,4-triazole (Gusev et al., 2011) 

 

Novel triorganotin (IV) complexes with Schiff base (E)-4-amino-3-(2-(4-

hydroxybenzylidene)hydrazinyl)-1H-1,2,4-triazol-5(4H)-thion were synthesized. It has been 

characterized using analytical and multiple spectroscopic techniques such as 2D-HMQC, FT-

IR/Raman, NMR (1H, 13C, 119Sn), ESI-MS spectrometry. A skewed tetrahedral geometry was 

determined in the Schiff base ligand. The atomic charges on the selected atoms were calculated 
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and the reactive regions on the surface of the molecules were evaluated by means of the 

molecular electrostatic potential map (MEP). A comparative analysis of the calculated 

vibrational frequencies with the experimental vibrational frequencies was performed and 

significant bands were determined. The in vitro antifungal activity of triorganotin (IV) 

complexes and Schiff base ligand were tested to investigate their potential antifungal activities. 

The results of in vitro antifungal studies against selected strains showed that both complexes 

showed potent inhibitory activity. Obtained bioactivity results were confirmed by in-silico 

molecular docking studies. Organotin complexes have attracted attention for their significant 

antifungal activities, but can also be considered as potential alternatives to platinum drugs used 

in various chemotherapies due to their low toxicity and high selectivity (Joshi et al., 2020). 

 

 

Figure 5. Triorganotin(IV) complexes of p-hydroxy schiff base (Joshi et al., 2020) 

 

Ligands 4-phenyl-2H-1,2,4-triazol-3-thione (Hphtt), 3,30-dithiobis (4-phenyl-1,2,4-triazole) 

(dbpht) and [Ni](phtt)2(en)2] and [Cd2(1-phtt)2(phtt)2(bpy)2] (3) complexes were synthesized 

and characterized by various physicochemical methods. In complex Ni, the nickel center is 

bonded via the triazole ring nitrogen, while in complex Cd, cadmium is bonded via thiolato 

sulfur, forming a dimeric structure via thiolato bridging. Complexes are stabilized by various 

intermolecular and intramolecular hydrogen bonds. The DFT results of the optimized molecular 

geometry of all compounds were obtained and compared with the experimental X-ray 

diffraction results. Thermogravimetric analysis properties of the complexes were investigated. 

Its photoluminescent properties indicate that complex Cd is non-fluorescent and complex Ni 

has characteristic fluorescent emissions that make it a desirable target for photophysical studies 

and electronic applications (Dani et al., 2014). 
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Figure 6. Syntheses of ligand and its complexes (Dani et al., 2014). 

 

[NiII(dpp)2(L)2] (1), [NiII(eda)2(L)2] (2) and [NiII(deda)2(L)2] (3) complexes was synthesized by 

reacting 3-pyridinyl-4-amino-5-mercapto-1,2,4-triazole with diamines and nickel (II) salt 

(dpp=1,3-diaminopropane, eda=ethanediamine, deda=N,N-dimethyl ethylenediamine). Three 

new complexes were structurally characterized by the single crystal X-ray diffraction method. 

Inhibitory activity of the complexes was tested in vitro against jack bean urease. Molecular 

docking was investigated to insert complexes into the crystal structure of jack bean urease at 

the active site to determine the possible mode of binding. The synthesized complexes exhibited 

inhibitory activities as a potent urease inhibitor. Studies of molecular docking and urease 

inhibitory activities of complexes against Jack bean urease have valuablely led to the 

development of a new urease inhibitör (Xu et al., 2014). 
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Figure 7. [NiII(dpp)2(L)2] (1), [NiII(eda)2(L)2] (2) and [NiII(deda)2(L)2] (3) complexes 

synthesized 3-pyridinyl-4-amino-5-mercapto-1,2,4-triazole (Xu et al., 2014). 

 

Synthesis of three new Pd(II) complexes, [Pd(eptu)2], [Pd(Hmmtrz)4]Cl2 and 

[Pd(Hmthd)4]Cl2•2CHCl3 were investigated spectral and crystal structure research. Single 

crystal X-ray structures showed a warped square planar geometry with four coordinates around 

the Pd(II) center in these complexes. The thiourea ligand Heptu binds to the metal ion via 

nitrogen and sulfur atoms and behaves like a non-negative bidentate in complex [Pd(eptu)2]. 

Triazole (Hmmtrz) and thiadiazole (Hmthd) ligands act as neutral monodentate coordinated to 

the metal ion via the thion sulfide in complexes. It is observed that the transition of hydrogen 

from sulfur to nitrogen in the ligand framework in complexes [Pd(Hmmtrz)4]Cl2 and 

[Pd(Hmthd)4]Cl2•2CHCl3 causes the ligand to form thion and coordination to the metal center 

in both complexes. The complexes are stabilized by inter molecular and intramolecular 

hydrogen bonding (Bharati et al., 2016). 

  

 

Figure 8. [Pd(eptu)2], [Pd(Hmmtrz)4]Cl2 and [Pd(Hmthd)4]Cl2•2CHCl3 Pd(II) complexes 

(Bharati et al., 2016). 
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Two mononuclear mixed ligand complexes [Ni(en)2(ppdtt)2]•2H2O and 

[Cu(en)2(ppdtt)2]•2H2O were synthesized with Hppdtt=4-phenyl-5-pyridine-4-yl-2,4-dihydro-

1,2,4-triazol-3-thion and ethylenediamine (en). The studied compounds were characterized by 

elemental analysis, UV-Vis, IR, magnetic susceptibility, ESR, cyclic voltammetry and single 

crystal X-ray studies. The geometry of complexes 1 and 2 is distorted octahedral. Complexes 1 

and 2 were determined to exhibit quasi-reversible redox behavior due to an electron transfer 

oxidation reduction. Complexes 1 and 2 crystallized in orthorhombic and monoclinic. Various 

types of extended hydrogen bonding provided spaces for lattice water containment in the three-

dimensional supramolecular framework of the complexes (Dulare et al., 2011). 

 

 

Figure 9. Two mononuclear mixed ligand complexes [Ni(en)2(ppdtt)2]•2H2O and 

[Cu(en)2(ppdtt)2]•2H2O (Dulare et al., 2011). 

 

The new mixed ligand complexes Ni(aptt)2(en)2], [Ni(apytt)2(en)2]•CHCl3 and [Ni(athtt)2(en)2] 

with 4-amino-5-phenyl-2H-1,2,4-triazol-3-thion (Haptt), 4-amino-5-(pyridin-3-yl)-4,5-

dihydro-3H-1,2,4-triazole-3-thione (Hapytt) and 4-amino-5-thiophene-2H-1,2,4-triazol-3-

thione (Hathtt) were prepared complexes containing en as secondary ligand. These complexes 

were synthesized by reacting nickel (II) acetate and triazole ligand followed by adding 

ethylenediamine or [Ni(en)2(NCS)2] precursor and triazole ligand. Metal complexes were 

characterized with the help of elemental analysis, IR, magnetic susceptibility and single crystal 

X-ray data. All complexes bond with two nitrogen atoms of two triazole ligands and four 

nitrogens of two ethylenediamine, and the resulting complexes have distorted octahedral 

geometry. Due to the hard character of nickel (II), triazole ligands behave like a non-negative 

monodentate bound through the triazole nitrogen. The complexes contain extended hydrogen 

bonding that provides the supramolecular framework (Bharty et al., 2014). 
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Figure 10. Ni complexes Ni(aptt)2(en)2], [Ni(apytt)2(en)2]•CHCl3 and [Ni(athtt)2(en)2] (Bharty 

et al., 2014). 

 

Five new mononuclear Pt (II) complexes with ligands 5-perfluoroalkyl-1,2,4-oxadiazolyl-

pyridine and 3-perfluoroalkyl-1,2,4-triazolyl-pyridine have been reported. The structures of the 

synthesized complexes were characterized by a combination of elemental analysis, atomic 

absorption spectrometry, IR, 1H NMR and molar conductivities. In complexes 2a and 3a, 5-

perfluoroalkyl-1,2,4-oxadiazole ligands are monodentately bound to the Pt (II) ion through the 

pyridine ring, where the metal geometry is square planar. The 3-perfluoroalkyl-1,2,4-triazole 

ligands also act monodentately to the Pt(II) ion via the N2 atom of the 1,2,4-triazole ring. Five 

new complexes and synthesized new ligands were tested in vitro. Complexes containing the 

1,2,4-triazole ring were found to be active against three interlocking tumor cell lines, but other 

complex was found to be much more active than ligand 2 (Rubino et al., 2016). 
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Figure 11. platinum complexes containing oxadiazole and 1,2,4-triazole moiety (Rubino et al., 

2016). 

 

The novel series of silver complexes with coumarin-substituted 1,2,4-triazole-based NHC 

ligands were synthesized and characterized to examine and compare their antioxidant and 

antihemolytic activities. Ionic 1,2,4-triazolium salts were prepared by the sequential N-

alkylation method using allyl bromide and appropriately substituted 4-bromomethylcoumarine 

derivatives. Silver NHC complexes exhibited a linear coordination geometry with the 

monoclinic crystal system. The supramolecular association of the salt and the complexes proved 

moderate π−π stacking interactions between adjacent coumarin rings. Since the medicinal 

properties of silver (I) NHC complexes are well known, the existing complexes, potent 

antioxidant and antihemolytic properties have been studied. The bis-NHC coordinated silver 

hexafluorophosphate complexes showed significant DPPH radical scavenging activities 

(Geetha et al., 2020). 
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Figure 12. Coumarin and allyl substituted bis–NHC coordinated silver (I) complexes and NHC 

coordinated silver(I) acetate complexes (Geetha et al., 2020). 

 

Metal complexes of cobalt (II), nickel (II) and copper (II) were synthesized with newly 

synthesized biologically active 1,2,4-triazole Schiff bases derived from the condensation of 3-

substitute-4-amino-5-mercapto-1,2,4-triazole and 8-formyl-7-hydroxy-4-methylcoumarin. The 

synthesized 3-substitute-4-amino-(8-formyl-7-hydroxy-4-methylcoumarin)-5-mercapto-1,2,4-

triazole Schiff bases act as tetradentate Schiff bases. The metals are coordinated to the 

azomethine nitrogen, lactonyl oxygen, phenolic oxygen, and sulfur atom. Analytical, IR, ESR, 

electronic, magnetic and thermal studies have confirmed the binding of Schiff bases to metal 

ions. Electrochemical investigation of Cu (II) and Ni (II) complexes can provide the degree of 

reversibility of an electron transfer reaction and they have a semi-reversible character. All 

complexes are limitedly soluble in common organic solvents, but more substantially soluble in 

DMF and DMSO, and are not electrolytes in DMF and DMSO. All these Schiff bases and 

complexes were also screened for antibacterial (Escherichia coli, Staphylococcus aureus, 

Streptococcus pyogenes, Pseudomonas aeruginosa and Salmonella typhi) and antifungal 

activities (Aspergillus niger, Aspergillus flavus and Cladosporium) by MIC method (Bagihalli 

et al., 2008). 
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Figure 13. Proposed structure of metal(II) complexes (Bagihalli et al., 2008). 

 

Two mononuclear and first binuclear palladium complexes containing the well-known 4-

amino-3-methyl-1,2,4-triazol-5-thione moiety were synthesized and characterized. The 

molecular structures of the complexes were determined by X-ray diffraction studies. According 

to the crystal structures determined, it was found that the 1,2,4-triazole moiety acts as a 

bidentate chelating ligand through the sulfur and nitrogen atoms, while the deprotonated 

triazole moiety alone functions as a bridging agent between the two metal centers. It can 

simultaneously act as a bidentate chelating agent through the thiol sulfur atom and the hydrazine 

nitrogen atom to one metal center, and as a monodentate material through the endocyclic 

nitrogen atom to the other metal center. Single-crystal X-ray diffraction revealed that the 

packing mode of the heterocycle by the phenyl rings of the PPh3 moiety is responsible for the 

interesting "sandwich" effect observed (Ghassemzadeh et al., 2010). 

 

 

Figure 14. binuclear palladium complexes (Ghassemzadeh et al., 2010). 

 

Synthesis, spectral characterization and luminescence properties of 3-(2-pyridyl)-1H-1,2,4-

triazole-5-acetic acid ethyl ester (HL) and palladium (II) complexes were determined. The 

compounds Pd(L)2 and Pd4(L)4Cl4•2DMF were prepared by refluxing Pd(HL)Cl2 in DMF. 

Molecular and crystal structures of Pd4(L)4Cl4•2DMF were analyzed by single crystal X-ray 

diffraction analysis. The triazoles in Pd4(L)4Cl4•2DMF were found to act as bidentate ligands 
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bridging the two palladium centers in two different ways. Therefore, the molecular structure 

consists of tetranuclear units of palladium ions. The luminescence properties of the ligand and 

its complexes are discussed (Khomenko et al., 2015). 

 

 

Figure 15. Structure proposed for Pd(L)2 (Khomenko et al., 2015). 

 

Two new diphenylboron containing 1,3,4-oxadiazole and two new zinc containing 1,2,4-

triazole complexes was prepared in good yields by the coordination 2-(2-hydroxyphenyl)-5-

(3,4,5-trimethoxyphenyl)-1,3,4-oxadiazole and 1-phenyl-3-methyl-1,2,4-triazole with 

triphenylboron or zinc acetate under mild conditions under mild conditions. The molecular 

structures of the chelated diphenylboron complexes containing 1,3,4-oxadiazole were 

determined by X-ray single crystal diffraction. Excited-state intramolecular proton transfer 

(ESIPT) rearrangements observed in ligands containing 1,3,4-oxadiazoles with the inclusion of 

the spectroscopic properties of all compounds were analyzed using DFT and TD DFT 

calculations. All complexes were found to show significant fluorescence in both polar and non-

polar solvents in the blue region of the spectrum. The displayed spectral properties make these 

complexes important for use as blue emitters in the design of light-emitting organic diodes 

(Mikhailov et al., 2019). 
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Figure 16. Two new diphenylboron containing 1,3,4-oxadiazole and two new zinc containing 

1,2,4-triazole complexes (Mikhailov et al., 2019). 

 

Two new complexes, 4-phenyl(phenyl-acetyl))-3-thiosemicarbazide (Hppt) and 4-amino-5-

phenyl-1,2,4-triazole-3-thiolate (Haptt) with [Mn(ppt)2(o-phen)] and [Mn(aptt)(Cl)(o-

phen)2]•2Haptt•H2O new ligand containing o-phenanthroline (o-phen) as coligand was 

synthesized. Both complexes are six coordinated and heteroleptic with distorted octahedral 

geometries around the metal center. The coordination sphere of complex [Mn(ppt)2(o-phen)] 

is filled with two amide carbonyl oxygens and a deprotonated hydrazine nitrogen atom of two 

mono-negative bidentate ppt ligands and two nitrogen atoms of o-phene; each forms three five-

membered chelate rings. TGA of complexes [Mn(ppt)2(o-phen)] and [Mn(aptt)(Cl)(o-

phen)2]•2Haptt•H2O shows that the metal is converted to metal oxide at very high temperature. 

In the solid state, the crystal structure of both complexes is stabilized by various intermolecular 

and intermolecular interactions. To investigate possible electrochemical applications of 
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complexes [Mn(ppt)2(o-phen)] and [Mn(aptt)(Cl)(o-phen)2]•2Haptt•H2O, they are 

immobilized on a glassy carbon electrode using Nafion. The cyclic voltammetry technique is 

used to characterize metal complex immobilized electrodes in basic medium. Both complexes 

show excellent electrocatalytic activity for electrochemical oxygen reduction (Bharty et al., 

2019). 

 

 

Figure 17. Two new complexes [Mn(ppt)2(o-phen)] and [Mn(aptt)(Cl)(o-phen)2]•2Haptt•H2O 

(Bharty et al., 2019). 

 

Cyclometallized Ir (III) complex [Ir(2,4-F2ppy)2(pyta)Cl] was successfully synthesized by 

reflux with 2-(1H-1,2,4-triazol-1-yl)-pyridine with Ir (III) dimer [Ir(2,4-F2ppy)2(µ-Cl)]2. X-ray 

crystallographic study revealed that the Ir(III) ion is coordinated in a distorted octahedral 

geometry to a pyridine-triazole, one chloro, and two difluorophenylpyridine ligands. The 

crystal structure of the complex was determined and it was stated that in the solid state the 

complex adopts a distorted octahedral coordination environment. DFT calculations on the Ir 

(III) complex show that HOMO is mainly localized on the cyclometallising ligands and Ir 5d 

orbitals, while LUMO is located on the cyclometallising ligands, and the HOMO-LUMO 

energy gap is 3.86 eV. The contacts between the different units of the cyclometallized Ir(III) 

complex were investigated by analyzing the Hirshfeld surface and the molecular electrostatic 

potential surface plotted in the ground and triple excited states (Bain et al., 2020). 
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Figure 18. Cyclometallized Ir (III) complex [Ir(2,4-F2ppy)2(pyta)Cl] (b) (Bain et al., 2020). 

 

Two neutral heteroleptic iridium(III) complexes carrying substituted pyridine 1,2,4-triazoles as 

auxiliary ligands were synthesized as emitters for PhoLEDs and their properties were 

investigated. Although the pyridine-1,2,4-triazole complex family is well known in the 

literature, there are few studies on their investigation as emitters for OLEDs. While sky blue 

devices were prepared with the fluorinated complex, blue-green devices were created with the 

second complex (Dumur et al., 2013). 

 

 

Figure 19. Two neutral heteroleptic iridium(III) complexes carrying substituted pyridine 1,2,4-

triazoles (Dumur et al., 2013). 

 

Luminescent europium complexes were obtained by the reaction of 1,2,4-triazole-3-carboxylic 

(trzc), pyridine-2,6-dicarboxamide (pdcam) and EuCl3 solutions at different molar ratios. The 

synthesized europium complexes were characterized using elemental analysis, UV-vis, FT-IR 

spectroscopy, TGA, powder XRD studies, SEM and photoluminescence spectroscopic 

methods. With the aid of thermal stability data, the complexes were found to be relatively stable 
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at high temperature. The highest lifetime and intrinsic quantum efficiency among all complexes 

were determined for [Eu(pdcam)2(trzc)]Cl3. The anion detection properties of the studied 

Europium complexes were investigated in detail using absorption and emission spectral studies. 

[Eu(pdcam)2(trzc)]Cl3 (1) and [Eu(pdcam)(trzc)2]Cl3 (2) complexes were showed significant 

differences in luminescence upon hydrogen bonding to its F-ions. After adding different anions, 

UV-vis and photoluminescence spectra of Eu(III) complexes were also investigated. The anion 

sensing properties of europium complexes were investigated using absorption and emission 

spectral studies (Sengar & Narula, 2017).  

 

 

Figure 20. [Eu(pdcam)2(trzc)]Cl3 (1) and [Eu(pdcam)(trzc)2]Cl3 (2) complexes (Sengar & 

Narula, 2017). 

 

A novel emissive mononuclear homoleptic Cu(I) complex of 5-tert-butyl-3-(6-methyl-2-

pyridyl)-1H-1,2,4-triazole [Cu(bmptzH)2](ClO4) were obtained by reaction of [Cu 

[Cu(CH3CN)4](ClO4) or (PPh3)2(CH3CN)2](ClO4) with the bmptzH ligand. The structural and 

photophysical properties of the complexes have been well studied. It was observed that 

Complex 1 adopts a neutral bidentate chelation coordination mode using the N atom of the 

pyridyl ring of bmptzH and the 4-N atom of the 1,2,4-triazolyl ring, not the 2-N and a distorted 

N4 tetrahedral arrangement formed by the two bmptzH chelates. It has been shown that the 

Cu(I) complex is highly stable and exhibits good luminescence properties in solution and solid 

states at room temperature as a result of the incorporation of a methyl group in the ortho-

position of the pyridyl ring (Luo et al., 2017). 
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Figure 21. Cu(I) complex of 5-tert-butyl-3-(6-methyl-2-pyridyl)-1H-1,2,4-triazole 

[Cu(bmptzH)2](ClO4) (Luo et al., 2017). 

 

New Fe(III) complexes were synthesized by the reactions of Schiff base derived from 3-

substituted phenyl-4-amino-5-hydrazino-1,2,4-triazole and indoline-2,3-dione with ferric 

nitrate. All synthesized complexes were dissolved in DMSO and DMF; shows that they are not 

electrolytes due to their low molar conductivity values. Elemental analysis results of the 

complexes show that the structures are in 1:1 stoichiometry of the [FeLn(H2O)(OH)]•xH2O 

type. The structural and spectroscopic properties of the synthesized complexes were 

investigated on the basis of elemental analysis, infrared spectra, electronic spectra, magnetic 

measurements, 1H and 13H-NMR spectra and mass spectra. According to the magnetic moment 

and reflection spectral studies, an octahedral geometry is formed in all the prepared complexes. 

FT-IR, 1H and 13H-NMR studies reveal that the ligand (Ln) is in the form of tautomeric enol in 

both cases with intramolecular hydrogen bonding. The complexes were found good 

antimicrobial activities when compared to their free ligands against Staphylococcus aureus, 

Bacillus subtilis, Serratia marcescens, Pseudomonas aeruginosa and Escherichia coli. When 

FRAP values are investigated, it shows that all compounds have ferric reducing antioxidant 

power (Kharadi, 2013). 
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Figure 22. Fe(III) complexes synthesized Schiff base derived (Kharadi, 2013). 
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