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I. Introduction 

Chemistry of drugs attracts many researchers because of its application in medicinal study. In recent years, 

medicinal chemistry has undergone a revolutionary change. Rapid advances in the biological sciences have 

resulted in a much better understanding of how body functions at cellular and molecular levels. As a result, most 

research projects in pharmacy industry now began by identifying suitable target in body and designing a drug to 

interact with the target for understanding structure and mechanism. Therefore, research is now target oriented. 

As drug has various functional groups which can bind to receptor or enzyme or metal ions present in the body, 

they can conform many type of complexes and can enhance the activity of drug. The stability of metal 

complexes with medicinal drugs plays a major role in the biological and chemical activity. Metal complexes are 

widely used in various fields, such as biological processes pharmaceuticals, separation techniques, analytical 

processes etc. Recently, there has been great interest in heavy-metal pollution and in the design of improved 

drugs for removing them from plasma. However, before any new pharmaceutical is marketed, it is prudent to 

know as much as possible about the molecular chemistry of its mode of action. This involves the knowledge of 

the product of ligand metabolism, the selectivity of the ligand for the pollutant cations with respect to the 

essential metal ions, the major species present at physiological pH values, the extent to which the ligand and its 

complexes partition in a cell membrane and the structures of the complexes formed.1 It is well known that 

proton transfer plays an important role in the reactions such as complexation, acid–base catalyzing and 

enzymatic reaction2 in aqueous solution. The stability constants can be of significance in order to predict 

different chemical processes such as isolation, extraction, or preconcentration methods.3, 4 Thus, the accurate 

determination of acidity and stability constants values are fundamental to understanding the behavior of ligands 

and their interaction with metal ions in aqueous solution. pH metric titration is accepted as a powerful and 

simple electro analytical technique for determination of stability constants. The determination of stability 

constants is an important process for many branches of chemistry.5  

  For the present investigation, we have selected antibacterial drug Oxytetracycline Hydrochloride 

(OTC), having molecular formula C22H25ClN2O9 and IUPAC name is (4S,4aR,5S,5aR,6S,12aS)-4-

(dimethylamino)3,5,6,10,12,12a-hexahydroxy-6-methyl1,11dioxo1,4,4a,5,5a,6,11,12OTCahydrotetracene-2 

carboxamide.OTC is used for treatment of infections caused by variety of Gram positive and Gram negative 

microorganisms including Mycoplasma pneumoniae, Pasteurella pestis, Escherichia coli, Haemophilus 
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influenzae (respiratory infections) and Diplococcus pneumoniae. OTC is known as a broad-spectrum antibiotic 

due to its activity against such a wide range of infections.   

In continuation of our earlier work with complexation of medicinal drugs such as Adenosine6,  

Imipramine Hydrochloride7, Metformin Hydrochloride8, 9, Isoniazid10. It was thought of interest to study the 

effect of temperature and evaluated thermodynamic parameters ΔG, ΔH and ΔS of complexes of OTC drug with 

transition metal ions Fe, Co, Ni, Cu, Zn, Cd and rare earth metal ions La3+, Ce3+, Nd3+, Sm3+, Gd3+, Tb3+, Dy3+ 

using pH metric titration technique in 20% (v/v) ethanol-water mixture at constant ionic strength of 0.1M 

NaClO4.  
 

Figure 1: Oxytetracycline Hydrochloride 

 

 

  

II. Experimental 

a. Materials and Solution: For the present investigation, Oxytetracycline Hydrochloride (OTC) used as ligand 

is soluble in ethanol. NaOH, NaClO4, HClO4 and metal salts are of AR grade. The solutions used in the pH 

metric titration were prepared in double distilled water. The NaOH solution was standardized against oxalic acid 

solution (0.1M) and standard alkali solution was again used for standardization of HClO4. The metal salt 

solutions were also standardized using EDTA titration. All the measurements were made at 298K, 308K and 

318K in 20% (v/v) ethanol-water mixture at constant ionic strength of 0.1M NaClO4. The water thermostat was 

a Fisher Scientific Isotemperature Refrigerated Circulator, thermostat model 9000 accurate to ± 0.1°C. The 

solutions were equilibrated in the thermostat for about 15 min before titration. The pH measurement were made 

using a digital pH meter model Elico L1-120 in conjunction with a glass and reference calomel electrode 

(reading accuracy ± 0.01 pH units) the instrument was calibrated at pH 4.00, 7.00 and 9.18 using the standard 

buffer solutions.                                                                                     

 

b. pH metric Procedure: The following sets of solutions were prepared (total volume 50 ml) and titrated pH 

metrically against standard NaOH solution at temperature 298K, 308K and 318K.  

     (A) HClO4 (2ml) + NaClO4 (5ml) + C2H5OH (10ml) 

 (B) HClO4 (2ml) + OTC (10ml) + NaClO4 (5ml) + C2H5OH (10ml) 

 (C) HClO4 (2ml) + OTC (10ml) + Metal solution (2ml) + NaClO4 (5ml) + C2H5OH (10ml) 

   

c. Determination of the thermodynamic parameters: The thermodynamic parameters for formation of 

complexes are determined. The change in Gibb’s free energy (∆G), of the ligands is calculated by using 

following equation. 

 
2.303 logG RT K

                                                                                                              (1) 

Where R (ideal gas constant) = 8.314 JK-1mol-1

 
K is the dissociation constant for the ligand or the stability constant of the complex and                                                               

T is absolute temperature(K)                                                                                                                                                                                                                            

The change in enthalpy (∆H) is calculated by plotting logK vs 1/T                                                                                              

The equation utilized for the calculation of changes in enthalpy is as   

2.303

H
Slope

R                                                                                                   (2)

                                                                                                             

The evaluation of changes in entropy (∆S) is done by the following equation.

                              

 

( )H G
S

T                                                                                                   

 (3) 
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                  Figure 2: Plot of logK1 vs 1/T for Cu (II)-OTC                                                      Figure 3: Plot of logK2 vs 1/T for Cu (II)-OTC 

 

                               
       

                

 
 

Table 1. Proton-ligand and metal-ligand stability constant of transition metal ions with OTC drug  

Temperature pKa logK Fe3+ Co2+ Ni2+ Cu2+ Zn2+ Cd2+ 

298K 4.316 logK1 5.027 3.772 4.726 4.973 3.999 2.955 

  
logK2 4.831 3.019 3.169 4.283 3.107 2.745 

308K 4.010 logK1 4.719 3.559 4.463 4.667 3.728 2.813 

  
logK2 4.525 2.943 3.358 3.994 2.979 2.660 

318K 3.732 logK1 4.444 3.341 4.194 4.395 3.553 2.722 

  
logK2 4.252 2.821 3.153 3.748 2.901 2.570 

                             

Table 2. Metal-ligand stability constant of rare earth metal ions with OTC drug. 

Temperature  logK  La3+  Ce3+  Nd3+  Sm3+  Gd3+  Tb3+  Dy3+ 

298K  logK1  4.323  4.431  4.531  4.614  4.460  4.568  4.705 

 

 logK2  3.350  3.426  3.730  3.959  3.858  4.094  4.149 

308K  logK1  4.026  4.102  4.135  4.312  4.158  4.268  4.389 

 

 logK2  3.097  3.267  3.467  3.675  3.574  3.805  3.852 

318K  logK1  3.734  3.791  3.828  4.044  3.890  4.003  4.118 

 

 logK2  2.901  3.092  3.259  3.438  3.337  3.560  3.611 
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Table 3. Thermodynamic parameters of OTC complexes formation with transition metal ions. 

Metal  

ions 
 

- ΔG 

KJ / mol 

 

- ΔH 

KJ / mol 
 

    - ΔS 

KJ / mol 

 
      

 

298K 308K  318K 

 

298K   308K 318K 

        
Fe3+ ΔG1=28.68 27.83 27.06 ΔH1=52.88 ΔS1=0.081 0.081 0.081 

 
ΔG2=27.57 26.69 25.89 ΔH2=52.59 ΔS2=0.084 0.084 0.084 

Co2+ ΔG1=21.52 20.99 20.34 ΔH1=39.05 ΔS1=0.059 0.058 0.059 

 
ΔG2=17.23 17.36 17.17 ΔH2=17.82 ΔS2=0.002 0.002 0.002 

Ni2+ ΔG1=26.97 26.32 25.54 ΔH1=48.29 ΔS1=0.071 0.071 0.071 

 
ΔG2=18.08 19.80 19.19 ΔH2=42.34 ΔS2=0.081 0.073 0.073 

Cu2+ ΔG1=28.38 27.52 26.76 ΔH1=52.52 ΔS1=0.081 0.081 0.081 

 

ΔG2=24.44 23.55 22.82 ΔH2=48.59 ΔS2=0.081 0.081 0.081 

Zn2+ ΔG1=22.82 21.98 21.63 ΔH1=40.51 ΔS1=0.059 0.060 0.059 

 

ΔG2=17.72 17.57 17.67 ΔH2=18.14 ΔS2=0.001 0.002 0.002 

Cd2+ ΔG1=16.86 16.59 16.57 ΔH1=21.17  ΔS1=0.014 0.015 0.014 

 

ΔG2=15.66 15.69 15.65 ΔH2=15.87  ΔS2=0.001 0.001 0.001 

                 

Table 4. Thermodynamic parameters of OTC complexes formation with rare earth metal ions. 

Metal 

  

- ΔG 

  

- ΔH 

  

- ΔS 

  ions KJ /mol    KJ / mol KJ / mol 

  298K 308K 318K      298K       308K    318K 

La3+ ΔG1=24.66 23.74 22.74 ΔH1=52.59 ΔS1=0.094 

 

0.094 0.094 

 
ΔG2=19.11 18.26 17.66 ΔH2=40.77 ΔS2=0.073 

 

0.073 0.073 

Ce3+ ΔG1=25.28 24.19 23.08 ΔH1=58.03 ΔS1=0.110 

 

0.110 0.110 

 

ΔG2=19.55 19.26 18.83 ΔH2=30.26 ΔS2=0.036 

 

0.036 0.036 

Nd3+ ΔG1=25.85 24.38 23.31 ΔH1=63.90 ΔS1=0.127 

 

0.128 0.128 

 

ΔG2=21.28 20.44 19.84 ΔH2=42.75 ΔS2=0.072 

 

0.072 0.072 

Sm3+ ΔG1=26.32 25.43 24.62 ΔH1=51.70 ΔS1=0.085 

 

0.085 0.085 

 

ΔG2=22.59 21.67 20.93 ΔH2=47.36 ΔS2=0.083 

 

0.083 0.083 

Gd3+ ΔG1=25.45 24.52 23.69 ΔH1=51.69 ΔS1=0.088 

 

0.088 0.088 

 

ΔG2=22.01 21.08 20.32 ΔH2=47.41 ΔS2=0.085 

 

0.086 0.085 

Tb3+ ΔG1=26.07 25.17 24.37 ΔH1=51.58 ΔS1=0.085 

 

0.086 0.086 

 

ΔG2=23.36 22.44 21.67 ΔH2=48.47 ΔS2=0.084 

 

0.085 0.084 

Dy3+ ΔG =26.84 25.88 25.07 ΔH1=53.35 ΔS1=0.089 

 

0.089 0.089 

  ΔG2=23.67 22.72 21.98 ΔH2=48.85 ΔS2=0.084   0.085 0.085 

 

III. Results and Discussion 

 

 The results obtained are analyzed by the computer programme and the stability constant values are calculated. 

Oxytetracycline Hydrochloride contains four hexacyclic rings. There are six hydroxyl groups attached to 

different rings. Out of six one is phenolic -OH, remaining is cyclic alcoholic -OH groups. The rings also possess 

two exocyclic carbonyl groups, one tertiary amino group and one amide (CONH2) group. The dimethyl 

ammonium group has been considered to be the most basic functional group of tetracyclines, therefore the metal 

can be attached either to the tricarbonyl-methan or the phenol-diketone areas.11 The OTC under experimental 
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condition shows only one protonation constant that too in acidic range. Instead of the hydroxyl groups and 

carbonyl groups, nitrogen of amide or tertiary amino group might be involved in the protonation. The possibility 

of ternary group is ruled out due to steric hindrance. Moreover, the pKa value (4.316) is close to the amide 

group. Hence deprotonation-protonation equilibria might be taking place at amide groups only. The proton 

ligand stability constant pKa of OTC drug is determined by point wise calculation method as suggested by 

Irving and Rossoti. Metal ligand stability constant logK of transition and rare earth metal ions with OTC drug 

are calculated by point wise and half integral method of Calvin and Bjerrum as adopted by Irving and Rossotti 

has been employed. For the present investigation we have studied the stability constant of transition metal ions 

and trivalent rare earth metal ions. Since we got An
 
between 0.2 to 0.8 and 1.2 to 1.8 indicating 1:1 and 1:2 

complex formations. The proton-ligand stability constants pKa values decreases with increase in temperature i.e. 

the acidity of the ligands increases.12 This suggests that liberation of protons becomes easier at higher 

temperature. The negative values of change in Gibb’s free energy ΔG indicates that both dissociation of the 

ligand and the complexation process are spontaneous.13 A decrease in metal-ligand stability constant logK with 

an increase in temperature and the negative values of enthalpy change (ΔH) for the complexation suggests that 

all the complexation reactions are exothermic, favorable at lower temperature and the metal-ligand binding 

process is enthalpy driven14 and metal-ligand bonds are fairly strong. The changes in entropy (ΔS) values are all 

negative; the complexation has an unfavorable change of entropy. An extensive solvation of metal chelates in 

aqueous-organic medium15 for all the transition and rare earth metal complexes may also be responsible for the 

negative ΔS values.  

The order of stability constants for transition metal complexes was as: Fe
3+ 

> Cu
2+ 

> Ni
2+ 

> Zn
2+ 

> Co
2+ 

> Cd
2+ 

Which are in accordance with the Irving-Williams natural order.16, 17 The order of stability constants for rare 

earth metal complexes was as: La
3+

< Ce
3+

< Nd
3+

< Sm
3+ 

> Gd
3+

< Tb
3+

< Dy
3+ and it shows a break at 

gadolinium. 

  

IV. Conclusion 

The transition metal and rare earth metal ion forms 1:1 and 1:2 complexes with OTC drug. The metal-ligand 

stability constant logK decreases with an increase in temperature and shows a break at gadolinium. The negative 

value of change in enthalpy (ΔH) for the complexation suggests that all the complexation reactions are 

exothermic, favorable at lower temperature. The negative change in free energy (ΔG) values indicates that both 

dissociation of the ligand and the complexation process are spontaneous. The negative change in entropy (∆S) 

values indicated a highly solvated metal complexes. 
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