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ABSTRACT: Metal complex structures are important in many biological processes where coordination can occur 
between various metal ions and a wide variety of ligands. Here we compared bivalent transition metal(II) ions- ternary 
complexes with penicillin class amoxicillin and cephalosporin class cefaclor actives in the presence of aliphatic amino 
acids. The complex formation conditions and compositions of the complexes formed by the classical, economical and 
reproducible Irving-Rossotti method were investigated. Therefore, the formation conditions and compositions of binary 
and ternary complexes were investigated by the Irving Rossotti procedure. Ternary complexes are prepared by mixing 
metal(II) with active ingredients and the appropriate amount of primary ligand or L-asparagine (ASP) or L-glutamic acid 
(Glut). In the ternary systems, ASP and Glut are primary ligands (L) whereas amoxicillin (Amox) and cefaclor (Cefa) 
behave as a secondary ligand (Y). From the calculated formation constants of the complexes formed by the selected b-
lactam antibiotics and amino acids with Cu(II) and Zn(II) metals, it was determined that the metal-ligand mole ratios 
were 1:1:1 (M:L:Y). At room temperature, the formation constants of the complexes were found by adjusting the ionic 
strength to 0.11 mol dm-3 with NaCIO4: logb(Cu(II)-ASP-Amox)=15.83±0.01; logb (Cu(II)-Glut-Amox)=20.76±0.01; logb(Cu(II)-ASP-

Cefa)=16.59±0.01; logb(Cu(II)-Glut-Cefa)=5.72±0.01; logb(Zn(II)-ASP-Amox)=5.32±0.01; logb(Zn(II)-Glut-Amox)=4.62±0.01; logb(Zn(II)-ASP-

Cefa)=5.46±0.01; logb(Zn(II)-Glut-Cefa)=4.52±0.01 respectively. The relative stabilities of the ternary complexes (ΔlogK) were 
interpreted by comparison with the stabilities of the corresponding binary complexes, with negative ΔlogK values 
observed for all complexes. 
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1. INTRODUCTION 

Since 1967, there has been a growing interest in the use of metal complexes as pharmaceuticals due 
to their therapeutic applications. Several examples have been reported for essential metal ions, which 
exhibited activity both in vitro and in vivo [1-3]. In metal coordination chemistry, a ligand refers to a 
molecule or ion that binds to a metal ion through coordination bonds. Ligands typically have one or more 
electron-rich atoms, such as nitrogen, oxygen, or sulfur, which can donate electron pairs to the metal ion. 
The coordination of ligands to the metal ion forms in the formation of coordinate covalent bonds, where the 
ligand donates a pair of electrons to the metal ion. In the case of metal-ligand ternary complexes, two 
different ligands coordinate to a central metal ion. This coordination can occur in various geometries, 
including octahedral, square planar, or tetrahedral. The ligands can be the same or different chemical 
species, and their coordination with the metal ion can occur through different coordination sites or bonding 
modes. 

Amoxicillin (Amox) and Cefaclor (Cefa) are β-lactam antibiotics commonly used for the treatment 
of lower and upper respiratory tract infections, genitourinary and gastrointestinal tract, soft tissue and skin 
infections, bacterial meningitis, and bacterial endocarditis as well as Lyme disease, as an antimicrobial 
agent [4-6]. Resistance of both gram-positive bacteria, and gram-negative bacteria to β-lactam antibiotics is 
mainly correlated with the forming of β-lactamases and sometimes, decreased carrying across the bacterial 
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cell wall [7-11]. According to the literature metal ions coordinate to the carboxyl, amide, and amino groups, 
exhibiting similar acid-base and ligand properties to dipeptides. In chelate formation, the polarity of the 
metal ion decreases due to interaction with donor groups and p-electron delocalization within the ring 
system. Thus, it increases the lipophilic nature of the central metal atom, which facilitates its penetration 
through the lipoid layer of the membrane. Bioavailability of the drug as the metal complex crosses the 
membrane and its activity increases [12]. 

Copper (II) and Zinc (II) are an essential transition metals, and can form various complexes with 
coordination numbers ranging from 4 to 6, which are crucial for many enzymes [13, 14]. In the studies on 
the Cu (II)-Amox complex in the literature, it was reported that the copper complex of Amox significantly 
increased the antibacterial activity [15-26]. 

The most intense protein loss in the body after injury or infection periods occurs in skeletal muscle 
percent, respectively, due to the increase in water outside the skeletal water of the cell [4]. Amino acids 
have curical role importance in our life because their interaction with metal ions is of considerable interest 
as models in a variety of biological systems [11]. Likewise, ternary complexes between bioligand and amino 
acids with metals are receiving more attention [4-7]. Although the formation of metal(II)-amino acid binary 
complexes has been studied before, it was repeated in the experimental study to use equal conditions for 
ternary and binary systems [27, 28]. In the presented study, we explained the stability of divalent metal 
ions of mixed ligand ternary complexes and the stability order of ternary complexes according to the 
ligands used. For this reason, the stability constants active ingredients with Cu(II) and Zn(II), in the 
presence of  two amino acids. ASP and Glut.  Eight mixed ligand complexes, Cu(II)-Glut-Amox, Cu(II)-
ASP-Amox, Cu(II)-Glut-Cefa, Cu(II)-ASP-Cefa, Zn(II)-Glut-Amox, Zn(II)-ASP-Amox, Zn(II)-Glut-Cefa, and 
Zn(II)-ASP-Cefa were determined via potentiometric titrations in aqueous solution (ionic strength I =0.11) 
NaClO4 at room temperature [29, 30]. It is aimed to understand the formation of ternary complexes 
between active ingredients, metal ions and aliphatic amino acids and to provide insight into the 
coordination chemistry [31, 32]. 

Here, the synthesis of ternary complex formation between antibiotic active ingredients, metal (II) 
ions and aliphatic amino acids through potentiometric titrations is reported. It is thought that the 
determination and characterization of the stability constants of these complexes may contribute to their 
behavior and potential applications in pharmaceutical and medicinal chemistry. 

2. DISCUSSION 

Protonated binary and ternary complexes were formed from potentiometric titrations in an aqueous 
solution at room temperature and I= 0.11 NaClO4 was used in order to obtain experimental results under 
equal conditions for the ternary, and binary systems. The interaction of Cu(II) - Amox ; Cu(II) – Cefa; Zn(II) - 
Amox; Zn(II) - Cefa and two aliphatic amino acids were studied by potentiometric technique. A solution of 
5.0 mL active ingredients ;  5.0 mL NaCIO4 and 5.0 mL HCIO4 solution and 35.0 mL H2O  were placed in a 
50.0 mL volumetric flask in order to accomplish an ionic strength of 0.11; and the resulting solution was 
titrated with 0.1000 N NaOH solution. Cu(II):L (L:Primary ligand) ratio in the titrated solution was 1:2 to 
provide for the possibility of the formation of ligand complexes. The titration curves of solutions containing 
M+ML+MLY (Y:Secondary ligand) are shown in Figure 1. When the titration curves of the formed ternary 
complexes are examined, a simultaneous decrease in pH values is observed. This is due to the nature of the 
complexation of metal ions and ligands [33].  

In this case, the ML, MY, and MLY complexes were quantitatively identified from the titration 
curves by pH at which precipitation occurred (Figure 1) (Table 1). Differences in stabilities of binary and 
ternary complexes were compared ΔlogK was calculated reaction of the secondary ligand. ΔlogK= logβMLY-
(logKML+logKMY). Positive ΔlogK results show stabilization of the ternary complex. The negative ∆logK 
values suggested that ternary complexes were less stable than binary complexes due to steric factors. The 
complex is formed however the negative value can be reduced number of coordination sites in the ligand 
[30]. It was observed that the original binary complexes were transformed into a ternary complex with the 
composition MLY species distribution graphics were drawn as a function of pH.  
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Figure 1: Potentiometric titration curves for complexes 
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Table 1. The values of logK of ligands; t=25.0±0.1°C, I=0.11) 

 
Ligands  

 
=0.5 

 
=1.5  

 
=2.5 

Amoxicillin logK1 = 7.96 logK2 = 2.77
  

- 

Cefaclor logK1 = 11.64 logK2 = 7.05 - 
  

  

L-Glutamic acid 
  

logK1 = 10.27 logK2 = 4.33
  

logK3 = 2.42 
 

L-Asparagine logK1 = 9.26 logK2 = 2.44 - 

 

 3. CONCLUSION 

As a result, the stabilities of chelates of binary and ternary complexes containing (L-Asp and L-Glut) 
as primary ligands and active ingredients as secondary ligands were measured potentiometrically. In the 
study ternary complexes conditions have been discussed and it has been shown that the complexes ability of 
occured species. If the titration curve of the free ligand is compared with that of metal-complexed ligands, a 
decrease in pH is observed when the metal ion is added to the ligand solution. This is because complex 
formation requires more alkali to reach the same pH as the free ligand. This simply implies the formation of 
complexes by proton release from the coordinated ligand. The ternary complexes of M:Cu(II) or Zn(II) with 
Amox or Cefa active ingredients and some selected amino acids are formed in a stepwise mechanism. The 
formation constants of the ternary complexes were compared with the binary systems and the formation 
constants were found to be compatible for both systems.  

The stability constants of the ternary chelates are greater than binary systems for all species. This 
behavior shows that interaction is formed within the ligands in the ternary complexes and MLY complexes 
are more stable than binary complexes. In contrast, the negative ΔlogK values demonstrate that the ternary 
complexes behave unstably. Also, the species distribution curve showed the complex formation. In 
conclusion, the determination of the stability constant will be important in terms of data on the subsequent 
trials about the resulting triple complex structures. The data obtained from the investigated Amox/Cefa 
antibiotic and the protonation of Glut/ASP amino acids and the complex formation balances of 
metalocomplexes will make a significant contribution to workers performing mechanical studies in 
biological environments.    

4. MATERIALS AND METHODS 

The targeted Cu(II) and Zn(II) amino acids complexes were prepared by the previously reported 
procedure and metal ion active ingredients binary and ternary complexes were synthesized at the same 
experimental conditions employed in this work  [35-36]. The titrations for binary and ternary mixtures  were 
performed over the range of pH 2.50–11.50 with NaOH solution. All the chemical reagents used in the 
present study were the highest purity available. Bidistilled water was used in all experiments. An automatic 
burette was used and the pH meter with a pH of 0.01 unit was calibrated using citrate-hydrochloric acid 
buffer solutions (pH = 4.00) and phosphate (pH = 7.00) at room temperature before each titration. 
Concentrations of Amox (1.0x10-2 M), Cefa( 1.0x10-2 M), ASP (1.0x10-2 M), Glut (1.0x10-2 M), and Cu(II) 
(1.0x10-2 M) were prepared to be used in the potentiometric titrations.  

I. For potentiometric titration, 10.0 mL of freshly prepared 2.0x10-2 M ligand solutions were taken. 5.0 
mL of 0.1M HClO4 solution, 5.0 mL of 1M NaClO4 solution were added and completed to 50.0 mL with 
distilled water. 

II. In order to find the protonation constants of the ligands, the average values were calculated from 
the titration curves of the solutions containing HClO4 and (HClO4/NaClO4) + Ligand (Figure 1) according to 
the method given by Irvıng and Rosotti [34-36]. 

III. The studied ligands form complexes with various metals in the appropriate pH range. For the 
determination of the stability constants of the complexes formed, the following solutions were prepared 
separately for each metal. 10.0 mL of 2.0x10-2 M ligand solution was taken. 0.1M 5.0 mL HClO4 and 1M 5.0 
mL NaClO4 were added. 5.0 mL of 1.0x10-2 M metal solution was added and the final volume was made up 
to 50.0 mL with distilled water. 

An An An
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IV. For the calculation of the stability constants, the values were calculated with the help of the 
previously found values and the corresponding pL values were calculated with the help of the found values. 
n=f(pL) graph was plotted with the help of the calculated and pL values of each metal. logK1 and logK2 
stability constants of the complex were found from the pL values corresponding to =0.5 and =1.5 
values. 

The formation constants of the following reactions were investigated by the Irving-Rossotti method 
for mixed complex formation 

M  +  L               ML     ; KML= [ML]/ [M] [L] 
  ML +Y                    MLY ;  KMLY =[MLY]/ [ML] [Y] 
  MLY+Y                  MLY2 ; KMLY2 =[MLY2]/ [MLY] [Y] 
 

The average  values were calculated and = f(pH) graphs for Amox and Cefa  were plotted from the 
titration curves (Figure 2). MS Excel program was used for the calculation of dissociation constants of 
ligands at  = 0.5. The logK values corresponding to the protonic species of the other  ligands 
understudied here are given in the Table 1 and they were presented in our previous studies [32, 36]. 

   

Figure 2. = f(pH) curves of ligands (I = 0.11 ; t = 25.0°C) Amox and Cefa 

From Table 2, showing the stability constant of binary species and ternary species respectively proves. 

Inspired by our similar studies [21, 22, 36]  according to the Irving-Rossotti method, using the potentiometric 
pH titration data, we determined and the stability constants of the mixed ligand complexes were calculated 
and given in Table 2. In this paper, the authors discussed the complex formation process of selected active 
ingredients and aliphatic amino acids with Cu(II) and Zn(II) [31, 32].Examination of the titration curves in 
the presence of the metal ions   indicates that the addition of the metal ion to the ligand solutions causes a 
decrease in the pH value  [30]. Various were calculated for the mixed complexes using the potentiometric 
titration data of the solutions. The protonation constants of ligands and conditional stability constants of the 
formed complexes were calculated at room temperature (I = 0.11) using NaClO4 solution. The = f(pL) 
graphics were plotted using and pL values MS Excel program was used for the calculation of formation 
constants of ternary complexes. It was found that the ternary complexes  which are consistent with the 
assumption that the complexes has a distorted tetragonal geometry with two coordinated atoms of nitrogen 
and two atoms of oxygen. Antibiotics and amino acids have a capacity to bind the ions of bivalent metals at 
the 1:1:1 ratio. Based on the complex ability it has been established that this affinity decreases in the series: 
Cu2+ >Zn2+. To compare the stability of the ternary complex with respect to the binary ones, the ΔlogK was 
determined [21], using the following equilibria 

ΔlogK = logβ(MLY) − (logβ(ML) + logβ(MY)) 

 

 

Ln Ln

An An

An

An

Ln

Ln

Ln
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Table 2. Stability constant of binary and ternary complexes; t=25.0±0.1°C, I=0.11) 

Complex Log K1 logK2 logβ 
 

 
 

Cu(II)-Amoxicillin 13.74±0.01 7.95±0.01 21.69±0.01   
      
Cu(II)-Cefaclor 9.87±0.01 8.16±0.01 18.03±0.01 

 
  

Cu(II)-L-Glutamic Acid 8.39±0.01 7.92±0.01 16.31±0.01   
 
Cu(II)-L-Asparagine 

 
7.87±0.01 

 
5.74±0.01 

 
13.61±0.01 

  

      
Zn (II)-Amoxicillin 3.33±0.01 - 3.33±0.01   
      
Zn(II)-Cefaclor 6.54±0.01 6.18±0.01 12.72±0.01   
      
Zn(II)-L-Glutamic Acid 5.76±0.01 4.97±0.01 10.73±0.01   
      
Zn(II)-L-Asparagine 7.41±0.01 5.56±0.01 12.97±0.01   
      
Cu(II)-L-Glutamic Acid-Amoxicillin 11.87±0.01 8.89±0.01 20.76±0.01   
      
Cu(II)-L-Asparagine-Amoxicillin 8.64±0.01 7.19±0.01 15.83±0.01   
      
Cu(II)-L-Glutamic Acid-Cefaclor 5.72±0.01 - 5.72±0.01   
      
Cu(II)-L-Asparagine-Cefaclor 9.01±0.01 7.58±0.01 16.59±0.01   
      
Zn(II)-L-Glutamic Acid-Amoxicillin 4.62±0.01 - 4.62±0.01   
      
Zn(II)-L-Asparagine-Amoxicillin 5.32±0.01 - 5.32±0.01   
      
Zn(II)-L-Glutamic Acid-Cefaclor 4.52±0.01 - 4.52±0.01   
      
Zn(II)-L-Asparagine-Cefaclor 5.46±0.01 - 5.46±0.01   
      

In this study, the stability of ternary complexes relative to the corresponding binary complexes was 
investigated by calculating ΔlogK values. Accordingly, it was concluded that ternary complexes were 
formed with ΔlogK values, but negative values were obtained due to the lack of interactions outside the 
coordination area [37]. Negative ΔlogK values indicate that the structure of the ternary complexes is in the 
MLY composition. Negative values of ΔlogK can be understood as the secondary ligand forms a more stable 
complex with ML than MY for Cu(II) whereas  higher negative ΔlogK value observed for the ternary 
complexation of Zn(II). The ΔlogK values were negative indicating that the stabilities of these ternary 
systems are lower than those of the corresponding binary system. This showed that deprotonation occurs at 
a higher pH in binary complexes and there are more interactions than 1:1:1 interactions.  
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