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ABSTRACT 

Proton-ligand stability constant (pK) of Chloroquine diphosphate has been investigated pH metrically in aqueous medium as a solvent by calvin-
Bjerrum titration technique at different ionic strength and at (2980K ± 0.10K) temperature. The Proton-ligand stability constants for above ligands 
are found to be more than pH 8.0. This showed dissociation of amino group. The interaction between Metal ions and Chloroquine diphosphate has 
shown 1:1 complex Formation. The Complex Formation has been investigated pH metrically in aqueous medium at temperature (2980K ± 0.10K) and 
at different ionic strength. The Method Bjerrem and Kelvin as modified by Irving and rossotti have been used in the present work. 
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INTRODUCTION 

In the search for novel drugs against Chloroquine-resistant malaria 
parasites, the modification of existing anti-malarial drugs by co-
ordination to a metal centre has attracted considerable attention in 
recent years. The synthetic strategy involves modification of the 
activity of the antimalarial Drugs through the incorporation of a 
transition metal into the molecular structure. This, of course, 
enhanced anti-malarial activities of such complexes. The electronic 
changes that are anticipated when drugs are coordinated to metal 
ions and the subtle changes that occur as the metals are varied 
might be able to ‘‘deceive/confuse’’ the parasites and hence enhance 
the efficacy of the drugs. Despite the fact that various metal 
complexes of anti-malarial drugs (Amodiaquine, Primaquine, 
Chloroquine) 1–3 and ferrocenic complexes (of chloroquine4 
mefloquine, quinine5 and artemisinin6 have been reported, their 
mode of coordination and geometry still remain a matter of 
discussion. Very few reports on the preparation and coordination 
chemistry of quinine have appeared in literature.  

Tsangaris and co-workers7 synthesized Cu(II), Ni(II), Co(II) and 
Cr(II) complexes of quinine and proposed the participation of both 
quinolinic and quinuclidinic nitrogen’s in the coordination, without 
evidencing,  

Antimalarial drugs (espically 4- amino quinoline) are good chelating 
agents due to the presence of nitrogen as an electron donor 
atom.Pawar et.al8 have studied Proton-ligand and Metal-ligand 
stability constants of transition metal ions with some antimalarial 
drugs pH metrically.In view of analytical applications and for the 
sake of curiosity, it is worthwhile to know the dissociation of NH2 
group and effect of substitutes on proton- ligand stability constants. 

A number of methods are available for experimental evaluation of 
stability constants. In all these methods, an excessive supporting 
electrolyte such as, potassium nitrate is used to maintain constant 
ionic strength which maintains the activity coefficients of the 
reactants and products9. The stability constants thus obtained are 
known as stoichiometric stability constants. The equilibrium 
concentration of the metal ion, free ligand and the complex species 
are usually determined by using one of the following methods Like 
Potentiometry, Spectrophotometry, Conductivity, Polarography, 
Solvent extraction and Ion exchange.  

From the above given methods, the potentiometric method is widely 
used for determination of stability constants of metal complexes. 
Statistical analysis show that, 90% of all the reported data of 
stability constant constitutes from potentiometric measurements.  

Therefore the present work is undertaken to make a systematic 
study for determining proton- ligand and Metal-ligand stability 
constants pH metrically at different ionic strength in aqueous 
medium. 

MATERIALS AND METHODS 

A typical pH titration 

The reaction mixture (50ml) was taken in cell having an outer 
thermostatic jacket for circulating water at a constant temperature. 
The activated combined glass electrode was dipped into the reaction 
mixture and pre-purified nitrogen gas was bubbled through it 
during the progress of pH titration. The reaction mixture was 
continuously stirred with the help of a magnetic stirrer (REMI 1 
MLH) to maintain the homogeneity of the reaction mixture. In each 
case the titration was stopped either at the slightest appearance of a 
precipitate or when the pH attained was above the dissociation 
constant of the ligand. The distilled water obtained from the quartz 
double distillation assembly provided by LAB SIL INSTRUMENTS 
Bangalore, was used during the course of the entire work. The 
distilled water had pH of about 6.5 to 6.85 at 25 °C. Buffer tablets of 
pH 4, pH 7 and pH 9.2 were purchased from Merck India Ltd, 
Mumbai. These buffer tablets were used for the standardization of 
the pH meter before titration. Manganese chloride was purchased 
from Sigma Aldrich Cheme, GmbH, Germany and was used as 
received. All metals nitrates were purchased from Sigma Aldrich 
Cheme, GmbH, Germany and were used as received. These metal 
nitrates are listed below;  

1] Ferric (III) nitrate hexahydrate (99.99% metals basis)  

2] Copper (II) nitrate hexahydrate (99.99% metals basis) 

3] Cobalt (II) nitrate hexahydrate (99.999%)  

4] Nickel (II) nitrate hexahydrate (99.99% metals basis)  

5] Zinc (II) nitrate hexahydrate (99.99% metals basis)  

6] Cadmium (II) nitrate (99.99% metals basis) 

7] Lead (II) nitrate (99.99% metals basis) 

During the course of titration for each metal ion, care had been taken 
to know their pH of hydrolysis. The formation of metal hydroxide 
causes displacement of metal titration curve even in the absence of 
ligand. The pH of the hydrolysis of metal ions was determined by 
titration of the metal ion solution potentiometrically at the same 
experimental conditions maintained for other titrations. Analytical 
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grade potassium nitrate was purchased form s.d fine, Merck and 
Himedia ltd. And used to maintain the desired ionic strength. While 
performing the titration freshly prepared solution were used. 
Analytical grade potassium hydroxide was purchased from merk, s.d 
fine. It is standardized volumetrically with oxalic acid and potassium 
hydrogen phthalate. The burette (5ml capacity) was calibrated in 
0.01 divisions. The molarity of KOH solution was determined by 
titrating with known weight of oxalic acid and also with potassium 
phthalate by using phenolphthalein indicator. Analytical grade Nitric 
acid was purchased from Merck, Himedia and S.d. fine ltd. The acid 
solution was standardized by titrating against standard potassium 
hydroxide solution using phenolphthalein as an indicator. The 
Chloroquine Diphosphate was purchased from Sigma Aldrich Cheme, 
GmbH, Germany and was used as received. All glassware’s used were 
made up of Pyrex or corning/ Borosil glass. Amber color glassware’s 
were used during the titrations so as to avoid the direct exposure with 
light and minimize the risk of decomposition of ligand and metal 
solutions. The thermostatic circulator (Model No HAAKE DC50) 
provided by Thermo Electron Corporation was used to maintain the 
temperature throughout the experiment. The temperature range for 
thermostatic circulator is in between -50 °C to 150 °C.  

The external water bath was used to control the required 
temperature with the error of ± 0.10 °C. The reaction mixture was 
continuously stirred with the help of a magnetic stirrer (Model No. 
LI120 MLH-2) to maintain the homogeneity of the reaction mixture. 
The magnetic stirrer was supplied by the Elico India Ltd. Water bath 
(Model No. 212) provided by Meta- Lab Scientific Industries Mumbai 
was used during the course of synthesis work. The water bath used 
was with auto temperature cutoff and with digital display so as to 
maintain the constant temperature. 

Determination of proton-ligand stability constants 

The proton -ligand stability constants (protonation constants) of 
primary and secondary chelating agent were determined by 
adopting the method suggested by Irving and Rossotti for the 
determination of pK values. Two sets of the following solutions were 
titrated pH metrically against carbonate free KOH. 

1. Free acid titration (A): HNO3 (2x10-2 M) 

2. Free acid + ligand titration (A +R): HNO3 (2x10-2 M) + ligand 
(2x10-3 M) 

The systems were studied at 0.1M (KNO3) ionic strength and at 2980 
K temperature. The total volume of test solution was made up to 

50ml and pH titrations were performed. The values were subjected 
for the determination of proton –ligand stability constants by 
adopting usual methods. During the course of PH metric titration, 
involving the metal ions, proper care has been taken to know the pH 
of hydrolysis of each metal ion. 

Calculation of stability constants 

Binary system: The stability constants of Manganese (II), Iron (III), 
Cobalt (II), Nickel (II), Copper (II), Zinc (II), Cadmium (II) and Lead 
(II) systems involving Antimalarial drugs have been determined in 
aqueous medium. 

Following three sets of solutions were titrated pH metrically against 
standard Potassium hydroxide solution.  

1. Free acid titration (A): HNO3 (2x10-2 M) 

2. Free acid + ligand titration (A +R): HNO3 + ligand  

3. Free acid + ligand + metal titration (A +R+M): HNO3 + ligand + 
Metal. 

In each system the volume of solution of ligand was taken in excess 
as against the volume of the metal ion solution to avoid possible 
hydrolysis. The titrations were carried out in 100ml corning glass 
beaker in a water bath at constant temperature. In order to remove 
dissolved oxygen and carbon dioxide, the titration were carried out 
in an inert atmosphere by bubbling purified nitrogen through each 
solution. 

Hydrolysis of Metal Ions 

Formation of metal hydroxide causes displacement of metal titration 
curve in the absence of chelating reagent. The pH of hydrolysis was 
observed by titrating each metal ion solution in HNO3 except ligand 
at constant ionic strength of KNO3. The plots of pH Vs Volume of 
alkali added were drawn and used for evaluation of ñA, ñ and PL 

required for the determination of dissociation constants (pK’s) and 
stability constants (logK’s). The proton –ligand constants and metal- 
ligand constants were calculated by using the expression, 

2 1

0 1 L

(V -V )(N+Єº)
ñA= γ - 

0(V +V )T  ------------------------------------------------- (1) 

3 2

0 2 M

(V -V )(N+Єº)
ñ=

0(V +V )ñAT  ------------------------------------------------------- (2) 
 

 

Fig. 1: Titration curves of chloroquine diphosphate-metals complexes 

(Only the representative graphs and tables are given) 
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Table 2.0.5: Data for obtaining formation curve and proton – ligand stability constants of CLQD (R1) system 

Medium: water μ = 0.1M (KNO3) T = 298 0 K 

PH V1 V2 ñA pK1 
6.80 5.13 5.15 1.927 7.904 
7.20 5.14 5.17 1.891 8.110 
7.60 5.14 5.20 1.781 8.152 
8.00 5.15 5.26 1.599 8.174 
8.40 5.15 5.32 1.380 8.187 
8.80 5.16 5.38 1.198 8.191 

 Mean 8.120 

Table 2.0.6: Data for obtaining formation curve and proton – ligand stability constants of CLQD (R1) system 

Medium: water μ = 0.1M (KNO3) T = 298 0 K 

PH V1 V2 ñA pK2 
9.20 5.16 5.47 0.869 10.023 
9.60 5.17 5.52 0.724 10.018 
9.80 5.18 5.56 0.615 10.003 
10.00 5.19 5.61 0.470 9.947 
10.20 5.20 5.65 0.361 9.951 
10.40 5.22 5.70 0.253 9.929 
10.60 5.23 5.73 0.181 9.943 

 Mean 9.973 

 

 

Fig. 2: Plot of ñA Vs pH of CLQD (R1) in aqueous medium at 0.1M Ionic strength and 298 0 K temperature.( pK1 and pK2) 
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Table 2.0.8: Determination of metal - ligand stability constants of Fe (III) – CLQD (R1) system 

Medium = water μ = 0.1M (KNO3) T = 298 0 K  

 PH V2 V3 ñ PL Log K 
2.30 2.90 2.98 0.255 10.420 9.955 
2.40 3.62 3.70 0.337 10.333 10.040 
2.50 3.96 4.04 0.416 10.243 10.097 
2.60 4.30 4.38 0.546 10.158 10.240 
2.70 4.58 4.65 0.689 10.075 10.421 
2.80 4.65 4.73 0.785 9.985 10.549 
2.90 4.70 4.79 0.882 9.896 10.771 

 Mean 10.296 

 

 

Fig. 3: Plot of ñ Vs pH of Fe (III)-CLQD in aqueous medium at 2980 K 

 

RESULTS AND DISCUSSION 

Chloroquine has four potential donor sites which are the –Secondary 
nitrogen, quinolinic nitrogen and tertiary nitrogen the drug may act as 
a ligand by forming a stable five membered ring with some metals 
through the Secondary nitrogen, tertiary nitrogen, quinolinic aromatic 
nitrogen (monodentate site).Water has been used as solvent for most 
of the analytical processes in homogeneous systems. The literature 
survey reveals that, the stability constants were determined in various 
aquious systems because many compounds and their metal complexes 
were sparingly soluble in water. 

The pKa and Log K values decrease with increase in ionic strength. 
In recent years, considerable studies have been performed on the 
ionic strength dependence of the stability constants of some weak 
complexes of alkali and alkaline earth metals with some organic and 
Inorganic ligands. The dissociation constants and stability constants 
decreases with increase in ionic strength 10-13. In present work, 
proton ligand stability constants were determined in aqueous 
system at various ionic strengths and at constant temperature (298 
K). The stability constants of Chloroquine Diphosphate ligand 
decreases with increase in ionic strength. 

 

Table 3: Dissociation constants (pK) and stability constants (LogK) of Chloroquine Diphosphate (R1) in aqueous medium at different ionic 
strength and at 298 0K 

Ionic  Strength Log K 
pK1 pK2 Mn (II) Fe (III) Co (II) Ni (II) Cu (II) Zn (II) Cd (II) Pb (II) 

0.1 8.120 9.973 8.25 10.29 9.23 8.43 8.47 8.37 8.48 8.69 
0.3 7.937 9.815 8.04 10.16 9.04 8.21 8.22 8.18 8.21 8.48 
0.6  7.849 9.760 7.80 9.88 8.82 7.99 8.04 7.00 8.06 8.13 
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