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Abstract: Potentiometry is one of the most convenient and successful technique employed for metal complex 

equilibrium measurements. In the present work, the interactions of transition metal ions 

Co(II),Ni(II),Cu(II),Zn(II) and Cd(II) with Topiramate(TPM), Efavirenz(EFV) and Diphenhydramine 

hydrochloride(DPH) drugs has been investigated in 20%(v/v) ethanol-water mixture at  0.1 M  ionic strength at 

temp 27 °C by Potentiometrically. Proton ligand (pK) and metal-ligand (logK) stability constant were 

determined by using Calvin Bjerrum titration technique as modified by Irving & Rossoti. It is observed that 1:1 

and 1:2 complexes are formed by transition metal ions. 
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I. INTRODUCTION 

 

The stability of metal complexes with medicinal drugs plays a major role in the biological & chemical activity 

[1-2]. Potentiometric 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. Metal Complexes are widely used in various fields, such as biological processes 

pharmaceuticals, separation techniques, analytical processes etc [3]. Metal complexes of drugs are found to be 

more potent than parent drugs [4]. Chemistry of drugs attracts many researchers because of its application in 

medicinal study. In the present investigation, we selected medicinal drugs Topiramate, Efavirenz and 

Diphenhydramine hydrochloride, as ligand. Topiramate is chemically 2,3,4,5-bis-O-(1-methylethylidene)-b-d-

fructopyranose Sulfamate, a sugar derivative  used as an antiepileptic drug. It is useful for several types of 

partial-onset and generalized-onset seizures, and is therefore considered a broad-spectrum agent. Topiramate is 

used to treat epilepsy in children and adults, and it was originally used as an anticonvulsant to treat bipolar 

disorder, the prevention of migraine headaches, for the treatment of Lennox-Gastaut syndrome, a disorder that 

causes seizures.  
Efavirenz was originally approved specifically for the treatment of HIV infections. Efavirenz is a non-

nucleoside reverse transcriptase inhibitor (NNRTI) and is used as part of highly active antiretroviral therapy 

(HAART) for the treatment of a human immunodeficiency virus (HIV) type 1.It is never used alone and is 

always given in combination with other drugs. Diphenhydramine was one of the first known antihistamine 

mainly used to treat Allergic symptoms and itchiness, common cold, insomnia, motions sickness, parkinson’s 

disease. It has some undesired antimuscarinic and sedative effects. The drug acts as an antiemetic and has a 

powerful hypnotic effect. 

After a review of literature survey, the detail study of the complex under an identical set of experimental 

condition is still lacking, very few researchers  have done such type of work using medicinal drug as a ligand [5-

13].Therefore in the present investigation, we decide to study stability constant of binary complexes of 

medicinal drugs Topiramate, Efavirenz and Diphenhydramine hydrochloride with transition metal ions Co(II), 

Ni(II), Cu(II), Zn(II) & Cd(II) using potentiometric technique. 

                        

 Fig1: Topiramate (molecular formula C12H21NO8S)  Fig2: Efavirenz (molecular formula C14H9ClF3NO2)  

http://upload.wikimedia.org/wikipedia/commons/3/3a/Topiramate.svg
http://upload.wikimedia.org/wikipedia/commons/1/17/Efavirenz_skeletal.svg
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Fig3: Diphenhydramine hydrochloride (molecular formula C17H22NOCl) 
 

II. MATERIALS AND METHODS 

Drug sample of Topiramate (TPM), Efavirenz (EFV) and Diphenhydramine (DPH) hydrochloride in pure form 

were obtained from pharma industries and used as received. The ligand Topiramate and Efavirenz are soluble in 

ethanol while Diphenhydramine is soluble in water. Stock solutions of ligands are prepared in ethanol and 

carbonate free double distilled water. All the chemicals used were of high grade of purity (AR Grade). The 

solutions used in the potentiometric titration were prepared in double distilled water. A carbonate free NaOH 

solution was prepared by dissolving the Anlar pellets in double distilled water and standardized against oxalic 

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

solutions were prepared by dissolving metal nitrates (Sigma-Aldrich) and standardized by EDTA [14]. The pH 

measurement was 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. All the measurements were made at 27 °C in 20% (v/v) ethanol-water 

mixture at constant ionic strength of 0.1M NaClO4 .The relative stabilities of the complexes formed are 

investigated potentiometrically adopting Irving and Rossotti [15] pH –titration technique. Proton ligand (PK) 

and metal –ligand Stability constants (log K) are determined using the “SCOGS” computer program. 

 

Potentiometric procedure: 

The experimental procedure involved potentiometric titrations of the solutions of: 

 

1. Free HClO4 (A) 

2. Free HClO4 + Ligand (A+L) 

3. Free HClO4 + Ligand +Metal ion (A+L+M) 

 

The solutions were titrated against standard carbonate free sodium hydroxide at 27 °C using Calvin-Bjerrum and 

Calvin-Wilson pH titration techniques. The concentration of Perchloric acid and sodium perchlorate (0.1M) were 

kept constant for all sets. The water thermostat Fisher Scientific Isotemperature Refrigerated Circulator model 

9000 accurate to ± 0.1°C was used to maintain the temperature constant. The solutions were equilibrated in the 

thermostat for about 15 minute before titrations. The volume of every mixture was made up to 50 ml with 

double distilled water. The curves of pH versus ml-base solution were plotted (Figure 4) and Proton ligand (PK) 

and metal–ligand Stability constants (log K) are determined 

III. EXPERIMENTAL RESULTS AND DISCUSSION 

The basicities of the ligand have been measured in term of their proton-ligand stability constant. Proton ligand 

stability constants (pK) of drugs were determined by point wise calculation method as suggested by Irving & 

Rossotti and are given in table 1. It is found that in all the drugs ¯nA values ranges between 0.1 and 1 indicating 

the liberation of only one proton during complexation. Therefore the entire drug gives one (pK). The (pK) 

values of TPM, EFV and DPH are 8.9864, 10.7206 & 9.3814 respectivelly. Topiramate shows lower value of 

(pK) compaired with other two drugs is because of the more electrogenative sulphur atom of SO2 attached to-

NH2 group, increases the electron density of –NH2, which affect the deprotonation of NH2. 

Table-1: Proton-ligand stability constant of medicinal drugs at 0.1M ionic strength  

in 20% (v/v) ethanol-water medium. 

       Ligands (drugs) Proton-ligand stability constant                              

PK1                              PK2 

Topiramate --------                         8.9864 

Efavirenz --------                       10.7206 

Diphenhydramine hydrochloride --------                         9.3814 
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Metal ligand stability constant (log k) of transition metal ions with medicinal drugs (ligand) were determined by 

employing Calvin Bjerrum pH metric titration method as adopted by Irving and Rossotti and are shown in table-

2. The logK1 and logK2 values obtained with half integral method and point wise calculations method are found 

to be in good agreement.  

 

Table-2: Metal-ligand stability constant of transition metal ions with medicinal drugs at 0.1M ionic 

strength in 20 %( v/v) ethanol-water medium. 
 

Ligands          

(Drugs) 

Metal-ligand 

stability 

constant                                  

Co(II)         Ni(II)        Cu(II)        Zn(II)       Cd(III) 

Topiramate LogK1                         

LogK2                            

Logβ 

3.0797        3.1240      5.3737       3.9083      3.0401 

3.0439        2.9738      5.0966       3.8072      3.0060 

6.1236        6.0978    10.4703       7.7155      6.0461 

Efavirenz LogK1                         

LogK2                            

Logβ 

4.9052        4.8748      7.0282       6.3522      4.7295 

4.4247        4.3223      6.8544       5.8070      3.9432 

9.3299        9.1971    13.8826     12.1592      8.6727 

Diphenhydramine 

hydrochloride 

LogK1                         

LogK2                            

Logβ 

3.8609        5.4934      5.6548       5.7804      3.5699 

3.5360        3.4203      5.0470       4.3653      3.5476 

7.3969        8.9137    10.7018     10.1457      7.1175 

 

Fig. 4 The potentiometric titration curve for Cu (II)-DPH. 

 

 
 

 

 

IV. CONCLUSION 

The orders of stability constants for all the three ligands are as follow: 

TPM=Cd(II) < Ni (II) < Co(II) < Zn(II) <Cu(II) 

EFV= Cd(II) < Ni (II) < Co(II) < Zn(II) <Cu(II) 

DPH= Cd(II) < Co (II) < Ni(II) < Zn(II) <Cu(II) 

The metal ligand formation curve data for medicinal drugs with transition metal ions indicate that the ‾n value 

range between 0.2 to 0.8 and 1.2 to 1.8.  This suggests that metal ions form 1:1 and 1:2 complexes with drugs in 

solution. The logK values are evaluated by the computational techniques are in good agreement. The ratio of 

Logk1 / Logk2 is positive and greater than one in all cases. This implies that there is little or no steric hindrance 

to the addition of secondary ligand molecule.  
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