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ABSTRACT 
Well known method of PH metrically chemical equilibrium studies of transition metal complexes of Ca(II), Cu(II) and 
Cr(II) transition metal ions with Lamivudine (3CT) drug (D) and a series of eight amino acids (A) have been investigated 
at 300C temperature and 0.1 Molar ionic strength Sodium perchlorate (NaClO4) in aqueous solution. During reaction 
formation of various possible complex species had been evaluated and analysed by using the special computer program 
and discussed in terms of various relative stability parameters. By using Calvin and Bjerrum as Proton ligand stability 
constants (pKa) and metal ligand stability constants (LogK) of metal complexes were determined the method which was 
as modified by Irving and Rossetti methods at various temperatures.  
Keywords: Mixed ligand complex, transition metal ions, amino acids, stability constant and ionic strength and drug 
Lamivudine (3CT). 
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INTRODUCTION 
Drug Lamivudine (also known as 3TC) is phosphorylated by intracellular enzymes to form lamivudine 
triphosphate, the putative active metabolite. Lamivudine triphosphate is required to prevents HIV 
replication by competitive inhibition mechanism of enzyme viral reverse transcriptase and terminating 
proviral DNA chain extension. Its intracellular elimination half-life was between up to 10 to 15.5 hours 
only in HIV-infected cells [1, 2]. Lamivudine belongs to the nucleoside reverse transcriptase inhibitors 
class of drugs (NRTIs). It's an antiviral drug that keeps the human immunodeficiency virus (HIV) or 
hepatitis B from growing in your body. Its structure is shown in following figure as, 
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Figure 1 : Structure of Lamivudine Drug Molecule 

The formation of metal complexes wasbased on metal ligand selectivity in complex chemical equilibria 
media [3, 4].The equilibrium constants are useful for measuring metal ligand selectivity in terms of 
relative strength of metal ligand bonds in medicine [5-7]. The Metals Ca(II), Cu(II) and Cr(II) and its 
complexes with ligand plays very important pivotal role in living system. As we know very better that the 
metal complexes with different drugs are important to understand proper dose of drug in human system 
[8]. It is also known that the complex physiological working function and mode of action of drugs and 
their impact circulatory systems [9]. It is also found that in literature survey that the metal complexes of 
drugs are more effective than their respective drugs [10]. It has also been observed that in transportation, 
metabolism detoxification and catalytic process metal complexes plays a vital role [11-12].                              According to 
the literature survey very limited research work of ternary complexes of transition metals with 
biologically essential drugs and amino acids has reported in the past few years [13]].Therefore, this 
research paper deals with the planned and disciplined study of equilibrium constants of ternary 
complexes of Ca(II), Cu(II) and Cr(II) transition metal ions with tamsulosin drug (D)  and different amino 
acids (A).                                                                                                
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MATERIAL AND METHODS  
The instrument used for this work is digital Elico pH meter in conjunction with combined electrode which 
is for the pH measurements and experiments were carried out at 300C temperature and inert atmosphere 
by maintaining 0.1M ionic strength sodium perchlorate (NaClO4) in aqueous solution as which was also 
used by earlier researchers [14]. By using [21] 4.00 and 9.00 pH standard  buffer solutions pH meter was 
calibrated before the use for every set of titrations for clear cut reading and with this all the necessary 
safety measures were taken for smooth conduct of electrode [15-18]. All the chemicals in this present 
research work have been used as A.R. grade. The of borosil glass quality’s glassware’s used during this 
research work and they are well standardized as per standard experimental procedure [19]. By using 
double glass distilled water having 6.80 to 6.90 pH the solutions of reagents were prepared [20] and 
NaOH solution also prepared using above water and fresh solution was used as a titrant for pH titrations 
of respective solutions. This NaOH solution is standardized with pure oxalic acid for proper calibration. 
The maintenance of the 0.1 M ionic strength of the titration solutions by using 1.0 M NaClO4 solutions 
which has been prepared earlier. The solutions of these Ca(II), Cu(II) and Cr(II)  transition metal ions 
were standardized by usual procedure [21]. 
 
PROCEDURE OF TITRATION   
The Calvin Bjerrum pH metric titration techniques which was modified by Irving Rossotti were applied 
for the determination of the equilibrium constants of 1:1:1 ternary complexes [22, 23]. Titration 
procedure involves following steps: 

a) Free HClO4 + NaClO4 (A) 
b) Free  HClO4 + NaClO4+ primary ligand (A+L) 
c) Free  HClO4  + NaClO4+ primary ligand+ metal (A+L+M) 
d) Free HClO4 + NaClO4+ secondary  ligand (A+D) 
e) Free HClO4 + NaClO4+ secondary  ligand+ metal (A+D+M) 
f) FreeHClO4 + NaClO4+ primary ligand + secondary  ligand+ metal (A+L+D+M) 

Standard NaOH solution was used to titrate the above Mixtures. By adding distilled water, the total 
volume of the solution was maintained at 50 ml. 
 
OBSERVATIONS AND CALCULATIONS  
With the help of computer in Microsoft Excel Irving and Rossotti methods were used to determine the 
proton ligand stability constants (pK) and metal ligand stability constants (logK) of binary complexes and 
The output of a specific computer programme that uses a non-linear least square technique yielded the 
equilibrium constants of ternary complexes as well as different species formed during complexation.[29-
30]. 
 
RESULTS AND DISCUSSION  
For comparison with ternary systems, the proton ligand stability constants (pK) and metal ligand 
stability constants (logK) of binary complexes were measured using the Irving and Rossotti method. 
From this Ca(II) < Cu(II) < Cr(II)order of stability of binary complexes of transition metal ions with drug 
lamivudine (D) indicates the less stability of calcium complexes than that of  highest of copper 
complexes, from this highest stability of copper information over the calcium, it’s clear that their 
occurrence in biological systems is more than other [24, 25]. The chelating tendency of the copper has 
been reveled in many inorganic metal complexes due to its biological importance and it is found true in 
case of the Lamivudine copper binary system, but in the present study it is found that the chelation 
tendency of Cr(II) ion is more compared to that of the Cu (II) ion. The ternary complex formed between 
Ca(II) metal ion, lamivudine  and Leucine and Phenyl Alanine were found their ΔlogK values negative 
shows the less stability of the ternary complex but in other drugs binary complexes does not appear. 
Comparing the correlation of copper and chromium ternary complexes it is found that they are not in 
accordance may be due to variation in their valances. The formation of the binary complex with drug (D) 
occurs at pH 4 and is stable at higher pH. The presence of two pK and two logK values is indicated by the 
greatest values of nA and n being around 2.0.The formation of the 1:1:1 ternary complex (MDR) was 
qualitatively understood based on the pH of precipitations of the ML MR and MDR titration curves. The 
pH of precipitation in MDR systems was found to be higher than in binary systems [27]. It was also 
validated by the composite curve's non-superimposable nature on mixed ligand titration curves. The 
equilibrium constants and relative properties of these ternary complexes are listed in Tables 1-3. 
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These changes can be related to steric and inductive effects, as well as the increased amino acids side 
chain, which causes more strain in bending and resulting in poor stability values. The relative stabilities 
of mixed ligand complexes were expressed quantitatively in terms of ∆LogK, Kr, KL and KR values, which 
are described by formulae employed by previous researchers [28-30].   
∆logK= logβ111-logK10-logK01 
Kr= β2111/ β20. β 02 
KL= β111/logK10 
   KR= β111/logK01 
The relative stabilities and stability constants of ternary systems of Ca(II) < Cu(II) < Cr(II) metal ions are 
shown in tables 1, 2, and 3, respectively. 
 

Amino acids  β11 β20 β02 KD KR Kr ∆log K 
Leucine  14.5751 7.4544 7.247 7.1107 7.3342 3.972720 -0.1432 

Phenyl alanine 10.1344 7.4578 3152 2.6787 6.9745 4.333455 -0.5014 
Table 1 : The parameter is based on a correlation between the formation of mixed ligand Ca(II) complexes 

with Lamivudine drug and amino acids. 
 

Amino acids β11 β20 β02 KD KR Kr ∆log K 
Glycine 13.1988 4.8578 18.60 8.22 3.3477 1.88977 -1.7 
Leucine 15.0045 4.8455 8.1072 10.1757 6.9324 5.77877 2.03147 

Glutamine 13.8857 4.8722 17.295 9.04001 4.4891 2.301547 -0.42201 
Valine 14.4555 4.4777 18.50 9.5001 4.3210 2.29457 -0.5614 

Methionine 14.5477 4.8455 18.35 9.6244 4.8399 2.378655 -0.0102 
Phenyl alanine 12.9340 4.8455 16.77 8.1021 3.9602 2.077653 -0.8998 
Glutamic acid 14.8798 4.8778 19.66 9.9898 3.8387 2.312980 -1.01002 

Table 2 : The parameter is based on a correlation between the formation of Cu(II) mixed ligand 
complexes with Lamivudine drug and amino acids. 

 
AMINO acids β11 β20 β02 KD KR Kr ∆log K 

Glycine 11.2577 4.7577 10.4588 6.34877 4.56877 2.415777 -0.17188 
Leucine 12.2147 4.7544 12.0678 7.514 4.4500 2.610444 -0.26004 

Glutamine 11.5014 4.74511 13.3400 6.75477 4.25444 2.087544 -0.51444 
Valine 9.8687 4.7455 9.2011 5.1244 4.24155 2.23455 -0.51111 

Methionine 11.3144 4.7547 3.9987 6.6001 8.2502 8.74002 3.45042 
Phenyl alanine 12.9500 4.7547 11.8140 8.2001 6.5007 2.989977 1.7688 
Glutamic acid 7.0057 4.7547 6.5671 2.2601 3.5014 1.56777 -1.2516 

Alanine 9.9325 4.7547 19.4122 5.1985 -0.7745 1.08001 -5.50059 
Table 3  : The parameter is based on a correlation between the formation of mixed ligand Cr(II) 

complexes with Lamivudine drug and amino acids. 
 
The comparison of β111 with β20 and β 02of these systems indicates that ternary complexes form 
preferentially over binary systems [31]. Very low KL and KR values show ternary complexes are more 
stable than binary ligand complexes. Interactions outside the coordinated sphere, such as hydrogen 
bonding between coordinated ligands, charge neutralisation, the chelate effect, and electrostatic 
interactions between non coordinated charge groups of ligands, may also be contributing to the extra 
stability of mixed ligand complexes [32]. Negative ∆logK values suggest ternary complex formation and 
destabilised complexes, as found in N and O coordination of amino acids [33].The increased stability of 
ternary complexes is sometimes attributed to a positive logK. Primary ligands produce 1:1 and 1:2 binary 
complexes with copper in the Cu(II)LD 8 (glutamic acid) ternary system, whereas secondary ligands form 
only 1:1 binary complex with copper. 
 
CONCLUSION  
Lamivudine interact with metal ions Cu(II) and Cr(III) to form normal (ML) and bis binary(ML2) complex 
and form stable complexes with Cu (II) and Cr (III) due to the formation of more stable five membered 
chelate ring, but it is  also observed that Cr (III) form more stable five membered ring with these ligands 
than Cu (II), because of higher charge on metal ion and small size. These results shows that because of 
calcium (Ca+2) is a strongly basic metal, it forms the weakest chelates, it forms complexes with 
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Lamivudine but less compared to other metal ions. This demonstrates that the strength of bonding in 
these chelates is dependent on the metal's tendency to form homopolar bonds with the ligand. The 
ternary complexes shows that the copper complex is the most stable. It’s also clear that ternary 
complexes formation has been confirmed from above data. 
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