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ABSTRACT  

New horizon for scientific research in coordination compounds has gained interest for decades, 

aided by the field of bioinorganic chemistry that encompasses investigating the role of metal complexes 

in biochemical systems. Consequently, various coordination compounds have been successfully 

synthesized and extensively evaluated for application in many aspects of science, pharmacy and 

medicine. Here, copper (II) mixed ligands complex was synthesized using 3-propyl-5-marcapto-1,2,4-

triazole and 1,10-phenanthroline. The complex was characterized by melting points, solubility and molar 

conductivity in various solvent to establish its properties that could guide its subsequent practical 

applications. Drawing from the limited experimental data and existing literature on very similar works 

a tentative octahedral geometry has been proposed for the Cu (II) Complex. It is therefore expected that 

this study will guide the development of other coordination compounds with wide-range application 

prospects. 
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1.  INTRODUCTION  
 

The field of bioinorganic chemistry which deals with the study of the role of metal 

complexes in biochemical systems has opened a new horizon for scientific research in 

coordination compounds [1]. The role of metal ions in biochemical system has stimulated the 

development of metal-based therapeutics [2]. Coordination compounds have been a challenge 

to the inorganic chemist since they were identified in the nineteenth century. After the profound 

studies done by Alfred Werner, inorganic chemistry witnessed a great outflow of coordination 

compounds, with unique structural characteristics and diverse applications.  

The stereochemistry of coordination compounds is one of the major interests of the 

coordination chemist. The development of instrumental techniques provides methods of 

investigating spectral and magnetic properties of metal complexes. Coordination compounds 

can have a wide variety of structures depending on the metal ion; coordination number of the 

ligands used. Copper (II) ion which has a 2+ oxidation state prefers complex coordination with 

ligands that has Oxygen, Sulphur, Sellenium or Nitrogen donors as their binding sites or donor 

atoms. Literature review informed that metal complexes exhibit greater biological activity than 

free organic compound [3] and this is because metal centers which are positively charged are 

favored to bind to negatively charged biomolecules.  

Metal ions such as copper (II) ion are known to act as catalytic centers in metallo enzymes 

and play a vital role in electron transport/transfer reactions in cytochrome chemistry. Many 

studies have been done on transition metal complexes of Schiff base due to the fact that Schiff 

bases ligands are able to coordinate many different metals and stabilize them in various 

oxidation state thus are important for their biological activity [4-6]. Transition metal complexes 

of O-donor ligands have been found to have promising antibacterial, antifungal and anti-

inflammatory activities [7].  

The first row transition metal complexes such as Co(II), Ni(II), Cu(II) have been found 

to exhibit fungicidal,bactericidal,and antiviral activity [8].  

Copper is a biologically essential element and more than a dozen enzymes (metallo 

enzymes) depend on copper for their biological activity [9]. Current interest in copper 

complexes is stemming from their potential use as antimicrobial, antifungal [10-15], antiviral 

[16-17], anticancer agents [18-20] and enzyme inhibitors [21]. In order to enhance this 

biological activity; it has been a common practice to synthesize Cu(II) complexes of 

biologically active ligands.  

Considerable number of Schiff base copper complexes has biological interest and are 

being used as models of biological systems [6]. 1,2,4-triazole is one of a pair of isomeric 

chemical compounds with molecular formula C2H3N3 called triazoles which has a five-

membered ring of two carbon and three nitrogen atom. 1,2,4-triazoles is a basic aromatic 

heterocylic compound whose derivatives are applicable in antifungal drugs such as fluconazole. 

[29]. 

Literature review on the synthesis and characterization of a considerable number of Schiff 

base ligands with copper complexes using infrared ray, UV-Visible, molar conductivity studies 

etc show that copper complexes will adopt a square planer or octahedral structure and also 

screened for biological activity.  

Eman et al., (2013) [22] synthesized and characterized Complexes of Cu(II), Ni(II), 

Zn(II), Co(II) and Mn(II) with two ligands:4-hydrazinyl-1-(4-methoxyphenyl)-2,5-dihydro-

1H-pyrrole-3-carbonitrile (H2L1) and 4-(2-(1H-pyrrol-2-yle)hydrazinyl)-1-4(4-
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methoxyphenyl)-2,5-dihydro-1H-pyrrol-3-carbonitrile (H2L2) by infrared, electronic spectra, 

magnetic and conductivity measurements in addition to elemental and thermal analyses. 

Octahedral structures are suggested for the H2L1 Complexes of Cu(II) and Mn(II) and the H2L2 

complexes of Cu(II), Ni(II) and Mn(II), whereas tetrahedral structures are proposed for the 

H2L1 complexes of Co(II) and Zn(II). The results also indicated that the complexes exhibit 

higher antimicrobial activity than their ligands and Cu (II) and Mn (II) exhibits a wide range of 

antimicrobial activity against gram positive, gram negative bacteria and yeast which is in 

agreement to similar studies carried out [7].  

Chandraleka et al., (2014) [23] also reported the synthesis of Cu(II) complexes by the 

addition of Cu(II) acetate monohydrate in aqueous solution with 1,10-phenanthroline and 2,2’-

bipyridyl. The synthesized Cu(II) complexes [Cu (sala) phen (H2O)]·H2O, [Cu (sala) bphy 

(H2O)]·H2O were found to be soluble in water, ethanol, methanol, the electronic spectra and 

magnetic moment support the stereochemistry of the complexes. The electronic spectra of all 

the complexes display a broad band with maximum at 14765 to 15503 cm-1 which suggested 

an octahedral geometry of the metal ion in agreement with similar studies carried out [24]    

This study aims at synthesizing and characterizing copper (II) mixed ligand complex with 

3-propyl-5-mercapto-1, 2, 4-triazole and 1, 10-phenanthroline. The specific objectives of this 

study are: (1) to determine the spectral characterization of Copper (II) mixed ligand complex 

with 3-propyl-5-mercapto-1, 2, 4-triazole and 1, 10-phenanthroline, and (2) to determine the 

structure of the compound investigated using electronic spectra. 

 

 

2.  MATERIALS AND METHODS 

2. 1. Chemicals / Reagents 

All the reagents, starting materials as well as solvents were purchased commercially and 

used without further purification. The following chemicals and reagents were used: ethanol, 

1,10-phenanthroline, and 3-propyl-5-mercapto-1,2,4-Triazole.  

 

2. 2. Synthesis of Cu (II) with mixed ligand complex 

First, 1,10-phenanthroline and 3-propyl-5-mercapto-1,2,4-triazole were synthesized 

according to a previous report by [25-27]. Second, Cu(II) mixed with ligands were then 

synthesized. Typically, the mixed ligand complex was prepared (1:1 metal to ligand reaction 

ratio) by adding the appropriate amount of Schiff Base ligand (3-propyl-5-mercapto-1,2,4-

Triazole) (1 mmol) was dissolved in 95% ethanol (15 cm3). To this yellow-coloured suspension, 

a solution of CuCl2·2H2O (0.171 g, 1 mmol) in ethanol 10 cm3) was added. The mixture was 

stirred for 40 minutes at 80 °C and then a solution of 1,10-phenanthroline (0.18g, 1 mmol) in 

Ethanol (10 cm3) was added drop wise.  

The reaction mix was stirred further and refluxed for 2‒2.5 h at 80 °C and then allowed 

to stand the precipitate overnight. Solid was filtered off, washed with cold ethanol and dried in 

a vacuum desiccator and weighed.  

Equation for the reaction is shown below. 

 

M (II) + 1 mol of L1 + L2                   [ML1L2] + 

 

M = Cu, L1 = 3-Propyl-5-Mercapto-1,2,4-Triazole, L2 = 1,10-Phenanthroline 
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2. 3. Conductivity test 

0.15g of the sample was put in a beaker containing 20 ml of ethanol and shaken to ensure 

that the sample complexes completely dissolved. Then a probe (electrode) was inserted into the 

solution and the conductivity was taken and recorded conductivity meter model – 4507 

 

2. 4. Calculation of percentage yield 

Molar weight of Schiff base (C16N4H18SO) = 314 g/mol, molar weight of Cu salt 

(CuCl2·2H2O) = 171 g/mol, and molar weight of 1,10-Phenanthroline (C12H8N2) = 180 g/mol 

were used to calculate the molecular weight of the metal complex (665 g/mol). Practical yield 

was then calculated to be 0.42 g. Subsequently, theoretical yield was calculated and percent 

yield was calculated to be 63%. 

 

 

3.  RESULTS AND DISCUSSION 

3. 1. Physical Properties of Schiff Base and Metal (II) Complexes 

The physical properties of complex which include colour and physical state are presented 

in Table 1. The L2 and its Cu(II) complexes were sparingly soluble in ethanol but were not 

soluble in most solvents like distilled water, and petroleum ether. Copper (II) complex showed 

a dark green colour and was isolated as microcrystalline powder.  

 

Table 1. Physical properties of 3-propyl-5-marcapto-1,2,4-Triazole, 1,10-phenanthroline  

and its Cu(II) complex. 

 

Compound 
Molar weight 

(g/mol) 
Colour Melting point Physical state 

L1 314 yellow 212-214 powdered 

L2 180 colourless  powdered 

[Cu(L1)(L2)] 665 dark green 222-224 
micro-

crystalline 

 

 

Results of solubility tests are reported in Table 2 show that Cu(II) complexes were 

sparingly soluble in ethanol but was not soluble in other solvents like distilled water and 

petroleum ether. The complex was isolated as micro crystalline powder. 

 

Table 2. Solubility of Cu(II) Complexes 

 

Complex Ethanol Dist. Water Petroleum ether 

[Cu(L1)(L2)] sparingly soluble not soluble not soluble 
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Conductivity measurement of these complexes was recorded as a solution in ethanol 

solvent. This measurement gives an idea if a solution is electrolyte or not. Table 3 shows the 

major conductivity measurements of complexes. It was shown that the complex was found to 

be non-electrolyte. The structures of the mixed-ligand Copper (II) complexes are supported by 

magnetic moment measurement. The magnetic moments for the monometric complexes lie in 

the 1.85‒1.93 B.M range (Table 3), corresponding to the square planar (octahedral) geometry. 

This is a good agreement for those reported for similar complexes.  

Chandraleka et al. (2014) [23] reported the synthesis of Cu(II) complexes [Cu (SAla) 

Phen (H2O)]·H2O [Cu (SAla) bphy (H2O)] were found to be soluble in water, ethanol, methanol 

and DMSO. The magnetic moment at room temperature lying in the range of 1.78 to 2.09BM 

corresponds to one unpaired electron which are slightly greater than the spin only value of 

1.73BM which suggest an octahedral geometry.  

 

Table 3. Conductivity of synthesized complexes. 

 

Complex Conductivity (S/m) 
Magnetic moment 

µeff. (B.M) 

[Cu(L1)(L2)] 90 1.83 

 

 

3. 2. Infrared Spectra and UV Spectral bands of Copper (II) Complexes 

Mehmet et al. (1999) [28] reported that the IR spectra of the free-ligand are expected to 

exhibit high intensity band in the range of 2915‒2780 cm-1 (OH) but in complexes, the band 

will disappear because of coordination M‒O. The basic infrared bands of the synthesized 

complex are summarized in Table 4. 

 

Table 4. Predicted selected infrared data of ligand and complexes 

 

Complex υ (C=N) (O-H) (C-S) (M-N) (M-O) 

L2 1625 2915-2780 673 - - 

[Cu(L1)(L2)] 1575 1261 694 490 410 

 

 

A high intensity band in the range of 1640‒1605 cm-1 was seen for ‒C=N‒ and bands 

in the region 2620‒2670 cm-1 due to US‒H and another band around 2915 cm-1 due to the 

napthalene O‒H. In the complexes, these bands are expected to shift to lower frequency about 

1570 cm-1 for the υ C=N suggestive of the coordination through the nitrogen of the azomethine 

group to the Cu(II).  

They will also be an absence of band around 2620-2010 cm-1 in the complexes due to a 

disprotonation of the thiol group and complexation through sulphur. All the complexes show 

characteristic I.R bands for coordinated 1,10-phenanthroline in 1665±1640 cm-1 range.  
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The bands at 510±415 cm-1 are assigned to the υ (Cu‒N) and υ (Cu‒O) vibrations. The 

absorption wavelengths of the compound are shown in Table 5. 

 

Table 5. UV spectrum of the Cu (II) Complexes 

 

Complexes N1(nm) V2(nm) C.T 

L2 - - - 

CuL2 246 297 n-π 

 

 

The electronic spectral data of the dark green coloured Cu(II) complex is proposed to 

exhibit maxima in 320‒278 nm range for the free Schiff base ligand. In ethanol, new bands in 

the 464‒337 nm range were observed. The bands in the 464‒337 nm range are also assigned to 

the n-π* transition of the azomethine group. In the spectra of the mixed-ligand Copper (II) 

complexes, the bands of the azomethine chromophore n-π* transition are shifted to lower or 

higher frequencies indicating that the imine nitrogen atom is involved in coordination to the 

metal ion. The spectra of all complexes contain one absorption band in the 633±605 nm range 

which may be assigned to the d-d transition of the copper (II) ion suggesting that they are four-

coordinated complexes.  

Gyana et al [30] also reported that the IR spectra of the complexes are compared with that 

of the free ligand to determine the changes that might have taken place during the complexation. 

The band assigned to the azomethine group in the free Schiff base ligand was observed at υC=N 

1595 cm-1 and shifted to lower or higher wave numbers ranging from 1562‒1617 cm-1 in the 

spectra of the complexes. This indicated that there is participation of the nitrogen atom of the 

azomethine group in coordination. The band at υC=O at 1637 cm-1 is characteristic of the 

carbonyl group present in the free Schiff base ligand. A shift to lower or higher wave numbers 

ranging from 1591‒1641 cm-1 indicated the involvement of the carbonyl oxygen in coordination 

(Table 6).  

 

Table 6. Infrared data of ligand and complexes 

 

Complex 
υ(O-H) 

cm-1 

υ (C=N) 

cm-1 

υ(C=O) 

cm-1 

υ(C-O) 

cm-1 

υ(M-O) 

cm-1 

υ (M-N) 

cm-1 

Ligand 3434 1595 1637 1342 - - 

Cu(II) complexes 2931 1617 1653 1384 556 450 

 

 

The IR band of the metal complexes is seen to be in the region of 2931-3419 cm-1 which 

indicated the presence of coordinated water molecules supported from thermal analysis. The 

electronic absorption spectra of ligand and metal complexes were recorded in DMSO, in the 

range of 200-1100 nm.  
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Scheme 1. Proposed structure of the ligand and metal (II) complex 
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The electronic spectra of free Schiff base showed three bands at 297 nm, 347 nm and 407 

nm are due to n-π* and π-π* transitions. Cu(II) complex displayed four bands at 302 nm, 357 

nm, 427 nm and 580 nm.  

The first two peaks found at that range are due to ligand-metal charge transfer transitions. 

The last two peaks are due to the d-d transitions which is assigned to 2Eg → 2T2g suggesting a 

distorted octahedral geometry. The magnetic moment of Cu(II) was also reported to be in the 

range of 1.72 B.M on the basis of the electronic spectra and magnetic susceptibility 

measurements, a distorted octahedral geometry around Cu(II) metal complex and the ligand 

was suggested.  

In similar studies carried out on another member of the transition metals Ni [31] reported 

that, the IR spectral data for the complexes shows a broadband at 3319‒3445 cm-1 due to the 

presence of the Phenolic group. The OH group of free Schiff base disappears in their metal 

complexes indicating coordination through the phenolic oxygen. Bands appear at 1601‒1616 

cm-1 due to azomethine group which is shifted to lower frequencies in the spectra of the 

complexes at 1570‒1600 cm-1 indicating involvement of azomethine nitrogen in coordination 

to the metal. The presence of coordinated water molecules is observed by broadbands around 

3342‒3535 cm-1 [32] further confirms bands observed at 765‒780 cm-1 (Table 7).  

 

Table 7. Selected infrared data of ligand and complexes 

 

Complex υ (C=N) υ (O-H) υ (C-O) υ (M-N) υ (M-O) 

        [NiL1]       1616          -        1342         473         525 

 

 

In the spectra, shifting of bands in the region 1500-1300 cm-1of the free phenanthroline 

ligand is observed. The peaks corresponding to the ring stretching frequencies υC=C and υC=N 

at 1505 and 1421 cm-1 undergo shifting to higher frequencies at 1520 and 1427 cm-1, indicating 

the coordination of the 1,10-phenanthroline nitrogen atoms to the metal ion [33]. In the region 

800-600 cm-1 characteristic out of plane hydrogen bending modes of free phenanthroline at 855 

and 738 cm-1 shift to frequencies of 850 and 728 cm-1 respectively. Due to the υM-O and υM-

N vibrations, the far-infrared region of the spectra shows new peaks at 510-417 cm-1. 

The electronic spectra of the metal (II) complexes (In this instance Ni(II) ) show three 

bands at 646-831, 506-641, and 356-414 nm, this indicates the presence of the three spin-

allowed transitions. 3A2g (F) → 3T2g,  
3A2g (F) → 3T1g (F) and 3A2g (F) → 3T1g (P) transitions 

predicts an octahedral structure. Based on the results obtained above, structure of the ligand 

was proposed as shown in Scheme 1. 

 

 

4.  CONCLUSION  

 

Mixed ligand complexes of copper (ii) with 1,10-phenathroline and 3-propyl-5-mercapto-

1,2,4-triozole Schiff based have been synthesized and characterized by electronic and I.R 

spectra, magnetic moment and molar conductance data. The bonding of ligand to metal ion is 

proposed based on the color of the complexes and literature reports of similar complexes to be 
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square planar geometry for Cu(II) complexes. It is recommended that a full spectroscopic 

characterization should be carried out for the ligand and its metal (II) complexes, so as to 

determine the actual coordination behavior of the ligand. 
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