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The membranes of ziprasidone hydrochloride-tetraphenyl borate, (Zp-TPB), chlorophenyl borate (Zp-

ClPB), phosphotungstate (Zp3-PT), ion associations as molecular recognition reagent dispersed in PVC 

matrix with dibutylphthalate as plasticizer have been proposed for quantification of ziprasidone 

hydrochloride. The performance characteristics revealed a fast, stable and liner response for 

ziprasidone over the concentration ranges of 8.5 × 10-6-1.0 × 10-2 M, 3.9 × 10-6-1.0 × 10-2M, 7.7 × 10-7-

1.0 × 10
-2

 M ZpCl with cationic slopes of 57.0, 56.0, 58.5 mV/decade respectively. The solubility 
product of the ion-pair and the formation constant of the precipitation reaction leading to the ion-pair 

formation were determined conductometrically. The potentiometric determination of ziprasidone 
hydrochloride ion in different pharmaceutical preparations and biological fluids has been achieved 

without any interference from various excipients and diluents commonly used in drug formulations. 
Validation of the method shows suitability of the proposed electrodes for use in the quality control 

assessment of ziprasidone hydrochloride. The proposed potentiometric methods offer the advantages 
of high–throughput determination, simplicity, accuracy, automation feasibility and applicability to 

turbid and colored sample solutions.  

 

 

Keywords: Membrane selective electrodes, pharmaceutical analysis, ion-pair, solubility product, 

neutral carriers. 

 

 

1. INTRODUCTION 

In the last few years there has been an overall increase in the use of antipsychotic drugs 

worldwide mainly of those considered as atypical. Atypical antipsychotic drugs are regarded as being 

safer and sometimes more effective than typical drugs, although cost is an important issue. Ziprasidone 

hydrochloride is described chemically as 5-[2-[4-(1,2-benzisothiazol-3-yl)-1-piperazinyl]ethyl]-6-
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chloro-1,3-dihydro-2H-indol-2-one [1,2]. It is a novel atypical anti psychotic exhibits a potent highly 

selective antagonistic activity on the dopamine D2 and serotonin (5HT2) receptors. It exhibit high in 

vitro binding affinity for the dopamine D2 and D3, the serotonin 5HT2A, 5HT2C, 5HT1A, 5HT1D and α1-

adrenergic receptors and moderate affinity for the histamine H1 receptor. The blockade of D2 receptors 

in the mesolimbic area of the brain is thought to reduce hallucinations and delusions. Extrapyramidal 

symptoms (EPS) and cognitive deficits are thought to occur from dopamine blockade in the 

nigrostriatal and mesocortical pathways, respectively. The mechanism of action of ziprasidone as with 

other antipsychotic drugs effective in schizophrenia treatment, is still unknown. This drug is 

effectively used to treat the positive, negative and depressive symptoms associated with schizophrenia. 

Positive symptoms include visual and auditory hallucinations and delusions. Negative symptoms, 

which are harder to treat, include blunted affect, social withdrawal and lack of motivation.  A literature 

survey reveals that the number of the analytical methods referring to the drug is relatively limited. The 

analytical methods that have been employed in the assessment of ziprasidone in pharmaceutical 

preparations and in biological fluids by using different techniques like spectrophotometry [3,4], HPLC 

[5-9], LC-MS [10,11]. The use of these techniques usually requires several time consuming 

manipulation steps, expensive instruments and professional training. Much effort is required in 

developing a procedure for the measurement of any drug substance is high sensitivity coupled with 

applications to biological fluids. 

Because of ever increasing need for analytical methods with high sample throughput, low 

limits of detection and low maintenance cost, new methodologies are constantly being developed. 

Therefore, it is very imperative to develop a simple and suitable analytical method for the 

measurement of these drugs in bulk and pharmaceutical preparations. Developments in pharmaceutical 

analysis with ion-selective electrodes [12] have enabled the direct and selective measurement of the 

activity of various organic cations or anions of pharmaceutical interest, in most instances without prior 

separation of the active substance from the formulation matrix. These sensors offers the advantage of 

simple design and operation, reasonable selectivity, fast response, applicability to colored and turbid 

solutions and possible interfacing with automated and computerized systems. Recently, our research 

group has designed new ISEs for different pharmaceutically active substances with good analytical 

credentials [13-17]. No ion selective electrode has yet been used, as far as the authors are aware, for its 

determination. This led us to study its electroanalytical behavior in an attempt to develop a simple, 

sensitive rapid and reliable method for its determination in dosage form and biological fluids and the 

results were promising. 

The present communication reports the results of preparation, characterization and application 

of ziprasidone selective electrodes based on incorporation of ziprasidone-tetraphenylborate, 

ziprasidone-chlorophenyl borate and ziprasidone-phosphotungstate (Fig. 1) as ion exchangers in poly 

(vinyl chloride) plasticized with dibutyl phthalate. This work describes an analytical method with 

acceptable analytical characteristics of suitability, reliability and feasibility. The electrodes have been 

used for the determination of the active ingredients in their respective pharmaceutical formulations 

without any prior separation and biological fluids such as plasma, urine samples with good 

reproducibility. The effects of membranes compositions, response time, selectivity and other factors 

have been investigated on electrodes performance are described.  



Int. J. Electrochem. Sci., Vol. 6, 2011 

  
3038

 

 

Figure 1.  Structural formulae of ion association complexes of ziprasidone hydrochloride with PT, 

NaTPB   and KTpClPB. 

 

 

 

2. EXPERIMENTAL 

2.1 Reagents and materials 

The highest-grade commercially available reagents were used for the preparation of electrodes 

and double distilled deionized water was used throughout. Membrane components phosphotungstic 
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acid (PTA), sodium tetraphenyl borate (NaTPB), Potassium tetrakis (4-chlorophenyl) borate 

(KTpClPB), dioctylpthalate (DOP), o-nitrophenyloctyl ether (o-NPOE), dibutylpthalate (DBP) was 

obtained from Fluka. High molecular weight poly (vinylchloride) (PVC), used as the electrode 

membrane material and as a solvent for the membrane components, freshly distilled tetrahydrofuran 

(THF) was obtained from Merck.  

The nitrate and chloride salts of all the inorganic cations used were of analytical grade and used 

without any further purification. The pharmaceutical preparations containing ziprasidone 

hydrochloride (Azona 20mg/tablet (Torrent pharma), Zipsydon 20 mg/tablet (Sun pharma) were 

purchased from local drug stores. 

 

2.2 Preparation of ion-association complexes 

 The ion-association complexes Zp3-PT, Zp-TPB, Zp-ClPB, were prepared by mixing 

stoichiometric amounts of 100 ml of 10
-2

 M (ZpCl) solution to the appropriate volume of 10
-2

 M 

solution each of PT, TPB, ClPB. The precipitates were filtered and washed thoroughly with deionized 

water for several times. Then precipitates were dried at room temperature for at least 48 h. and ground 

to fine powders. Elemental analyses were carried out to study the formation of these complexes. 

 

2.3 Electrode Fabrication 

The electrodes were fabricated as previously described by Thomas et al [18]. Membrane 

composition was studied by varying the percentage (w/w) of the ion exchanger, PVC and plasticizer 

until optimum composition that exhibits the best performance characteristics is achieved. Membrane 

cocktails were formulated by dissolving the required amount of ion -exchanger, PVC and various 

plasticizers in about 5 ml of THF.  

The homogenous mixture was obtained after complete dissolution of all the components, 

concentrated by evaporating THF and it has poured into polyacrylate rings placed on a smooth glass 

plate. The viscosity of the solution and solvent evaporation was carefully controlled to obtain 

membranes with reproducible characteristics and uniform morphology and thickness otherwise have 

shown a significant variation. The membranes of 0.4-mm. thickness have mounted in glass bodies by 

careful removal from the glass plate. The electrode bodies were filled with 1.0 × 10-3 M ZpCl solution. 

The electrodes should be washed with deionized water before measurements. The potential 

measurements were carried out at 25 ± 1
o
C using saturated calomel electrodes (SCE) as reference 

electrodes. Before use, all the ISE were impregnated for 24 hours in a drug solution with a 

concentration of 0.01 M. The potentials have been measured by varying the concentration of drug 

solution in the range 1.0 × 10-7–1.0 × 10-2 M. Initial solutions were prepared by dissolving accurately 

weighed portions of drugs in twice distilled water and then diluting them to lower concentrations. The 

representative electrochemical cell for the electromotive force measurement was as follows:  

 

Ag/AgCl | KCl (satd.) | 0.01 M ZpCl   || PVC membrane|| test solution | Hg/Hg2Cl2 | KCl (satd.) 
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3. GENERAL PROCEDURES 

3.1 Conductimetric determination of ZpCl 

A volume containing 9.25-118.80 mg of ZpCl was transferred to a 50.0 ml volumetric flask and 

made up to the mark with double distilled water and the conductivity cell was immersed. Then 10
-2

 M 

PTA, NaTPB and KTpClPB were added and the conductance was measured subsequent to each 

addition of the reagent solution after thorough stirring. The conductance reading after each addition 

was corrected for dilution [19] by means of the following equation, assuming that conductivity is a 

linear function of dilution: 

 

                                                             (1)                                       

 

 Where Ω is electrolytic conductivity, υ1 is the initial volume and υ2 is the volume of the added 

reagent (corr. = corrected and obs. = observed). A graph of corrected conductivity versus volume of 

the added titrant was constructed and the endpoint was determined. 

 

3.2. Conductimetric determination of the solubility product of the ion associates 

A series of solutions of different concentrations (c) was prepared for ZpCl, PT, NaTPB and 

KTpClPB. The measured conductivities of these solutions at 25°C  were used to calculate the specific 

conductivities corrected for the effect of solvent and dilution, then the equivalent conductivities (λ) of 

the solutions were obtained. Straight-line plots of λ versus √c were constructed and λ0 for ZpCl, PT, 

NaTPB and KTpClPB were determined from the intercept of the respective line with the λ axis. The 

activity coefficients of the ions employed were taken as unity because all the solutions were 

sufficiently dilute (1.0 × 10
-5

 -1.0 × 10
-2 

M). The values of λ0Zp -PT, λ0Zp-TPB, λ0Zp-ClPB were calculated 

using Kohlrausch’s law of independent migration of ions [20].  

 The solubility (S) and solubility product (Ksp) of a particular ion associate were 

calculated using the following equations: 

 

S = Ks ×10000/λ0 (ion associate)                                                (2) 

 

Ksp = S2 for 1:1 ion associates                                                     (3) 

 

Ksp = 27S
4
 for 1:3 ion associates                                                  (4) 

 

Where Ks, is the specific conductivity of the saturated solution of the ion associate determined 

at 25°C.  The saturated solution was made by stirring a suspension of the solid precipitate in distilled 

water for 2 h at 25°C. 
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3.3. Measurement of selectivity: 

The selectivity coefficients were determined by fixed interference method (FIM) [21], in which 

Nickolsky Eisenman equation was used: 

                                                                                                                (5) 

 

Where, aA is the activity of the primary ion A (Zp
+
) at the lower 

detection limit in the presence of interfering ion B, aB, the activity of interfering ion B and zA and zB 

are their respective charges. 

The selectivity coefficients in case of species without charges were determined by matched 

potential method (MPM) [22]. In this method, the selectivity coefficient is defined as the activity ratio 

of primary and interfering ions that give the same potential change under identical conditions. At first, 

a known activity (adrug) of the primary ion solution is added into a reference solution that contains a 

fixed activity of primary ions, and the corresponding potential change (∆E) is recorded. Then, a 

solution of an interfering species is added to the reference solution until the same potential change is 

recorded. The change in potential produced at the constant background of the primary ion must be the 

same in both cases.  

 

J
a

drug
a

pot

ZZp,J

K =+                                                                     (6) 

 

Where,
J

a  is the activity of the interfering ion 

 

3.4. Potentiometric determination of ZpCl: 

ZpCl has been determined potentiometrically using the investigated electrodes by the standard 

addition method [23]. In standard addition method, known small increments of 1.0 × 10
-2

 M standard 

ZpCl solution were added to 50.0 ml aliquot samples of various concentrations (1.0 × 10
-7

-1.0 × 10
-2 

M) of pure drug and pharmaceutical preparations. The change in potentials was recorded for each 

increment and used to calculate the concentration of ZpCl sample solution using the following 

equation: 
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Where Cx and Vx are the concentration and volume of the unknown, respectively, Cs, Vs are the 

concentration and volume of the standard, respectively, S is the slope of the calibration graph and ∆E 

is the change in potential due to the addition of the standards. 
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3.5. Ziprasidone assay in pharmaceutical preparations 

Five tablets each of Azona, Zipsydon were accurately weighed and powdered in a mortar; the 

required amount from the tablet powder was dissolved in about 30 ml double distilled water and 

filtered in a 50 ml measuring flask. The residue was washed repeatedly and the volume was completed 

to the mark with same solvent. The contents of the measuring flask were transferred into a 100 ml 

beaker and subjected to potentiometric determination of ZpCl. 

 

3.6. Ziprasidone assay in spiked urine samples 

Blank urine samples were obtained from healthy male volunteers and different amounts of 

ZpCl and 5ml of urine were transferred to 50 ml measuring flask and completed to the mark by 

bidistilled water. The contents of the measuring flask were transferred to a 100 ml beaker and 

subjected to potentiometric determination of ZpCl by the standard addition method. 

 

3.7. Ziprasidone assay in spiked serum samples 

Human serum samples were obtained from healthy individuals and were stored frozen until the 

assay. An aliquot of the standard stock solutions of ZpCl was fortified with the human serum sample 

and this solution was diluted to 1.0 ml volume with acetonitrile in a 2 ml centrifuge tube. The tubes 

were vortexed for 10 min and then centrifuged for 3 min. The clear supernatant layer was a protein-

free spiked human serum sample. The supernatant was taken carefully and appropriate volume of 

supernatant liquor was subjected to potentiometric determination by the standard addition method. 

 

3.8. Potentiometric titration of ZpCl: 

An aliquot of ZpCl (3.0 × 10
-3

 M- 7.5 × 10
-3 

M) was transferred into a 100-ml beaker and the 

solution was diluted to 50 ml with double distilled water and then titrated against a standard solution of 

PTA, NaTPB and KTpClPB using the investigated electrodes as indicator electrodes. The same 

method was applied for determination of ZpCl in the pharmaceutical preparations. 

 

 

 

4. RESULTS AND DISCUSSION 

4.1. Optimization of the ISE response 

In the plastic membrane of an ion-selective electrode, the amount of lipophilic salt should be 

sufficient to obtain reasonable ionic exchange at the gel layer/test solution interface, which is 

responsible for the membrane potential. Besides the critical role of nature and amount of ion-

\exchanger in preparing membrane selective electrodes some other important features  of the PVC 
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membrane such as the nature of plasticizer, the plasticizer and PVC ratio and used are known to 

significantly influence the sensitivity and selectivity of ion- selective electrodes.  

 

4.1.1. Evaluation of plasticizers performance 

The introduction of high molecular PVC, as regular support matrix and traps for the sensed 

ions, creates a need for a plasticizer [24]. In the present investigation, DBP and DOP were chosen from 

diesters of dicarboxylic acids and o-NPOE was chosen as an example of the nitro aromatic group.  

The selectivity of an ISE is codetermined by the solvation of the complexes between ionophore 

and primary and interfering ions, by desolvation of free ionophore in case of different stoichiometries 

of the complexes of primary and interfering ions, and by the solvation of interfering ions that do not 

form a complex with ionophore. Therefore, the plasticizers have a large influence on the selectivity of 

ion-selective electrodes [25]. Thus, we studied the effects of plasticizers on the selectivity of proposed 

electrodes plasticized with DBP, DOP, o-NPOE and the results are summarized in Table 1.  

 

Table 1. Influence of plasticizers on selectivity pattern of the proposed electrodes 

 

Cationic 

species 

DOP DBP  o- NPOE 

Zp-

ClPB 

Zp3-PT Zp-

TPB 

Zp-

ClPB 

Zp-

TPB 

Zp3-PT Zp3-PT Zp-

TPB 

Zp-

ClPB 

Na
+
 1.32 1.44 1.56 2.0 2.6 3.3 0.58 0.72 1.05 

K+ 0.59 1.07 1.43 2.2 2.9 3.9 0.67 0.79 0.99 

Mg
2+

 1.2 1.39 1.50 2.4 3.5 4.0 0.89 1.06 1.12 

Ca
2+

 0.72 0.95 1.1 2.8 3.6 4.3 0.98 1.15 1.23 

Lactose 0.26 0.44 0.68 2.7 3.8 4.5 1.05 1.09 1.18 

Maltose  0.13 0.33 0.55 3.0 3.9 4.7 1.09 1.20 1.30 

   

Alanine  

0.77 0.88 0.99 3.2 4.0 4.8 1.18 1.32 1.37 

Glycine 1.35 1.68 1.77 3.4 4.3 4.9 1.26 1.25 1.42 

Sucrose 1.49 1.72 1.99 3.5 4.5 5.1 1.35 1.47 1.64 

Urea 0.16 0.29 0.59 3.7 4.7 5.3 1.45 1.58 1.55 

 

In the present investigation, DBP was chosen as plasticizer from diesters of carboxylic acids. 

With PVC, the diesters of carboxylic acids were found to be the optimum plasticizers; they plasticized 

the membrane, dissolve the ion association complex, and adjust both permittivity of the final organic 

membrane and mobility of the ion exchange sites. Such adjustments influence the partition coefficient 

of the studied drug with subsequent effect on electrode sensitivity. The interference by other species 

was markedly increased in plasticizer with high polarity, such as o-NPOE, thus low polarity 

environments provided more appropriate conditions for complexation. 

Several compositions for the electrodes were investigated in which the ion-exchanger 

percentage ranged from 2.4 % to 6.9 % for Zp-TPB, Zp-ClPB and from 2.4 % to 9.0 % for Zp3-PT 
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electrodes. For each composition, the electrodes were repeatedly prepared four times. The preparation 

process was highly reproducible as revealed by the low relative standard deviation values of the slopes 

obtained employing the prepared membranes. The best performances were obtained using 

compositions of 3.60 % Zp-TPB, Zp-ClPB, 48.2% PVC and 48.2 % DBP for Zp3-PT, 9.08 % Zp3-PT, 

45.5 % PVC and 45.5 % DBP. The above optimum compositions were used to prepare membrane 

electrodes for all further investigations.  

4.1.3. Response characteristics of proposed electrodes 

Electrochemical performance characteristics of the proposed electrodes were systematically 

evaluated according to IUPAC standards [26, 27]. The response characteristics of the three electrodes 

are summarized in Table 2.   

  

Table 2. Response characteristics of Ziprasidone based electrodes 

 

Parameter Zp3-PT Zp-TPB Zp-ClPB 

Composition (%) (Ion-associate-PVC- DBP) (9.0 – 45.5- 45.5) (3.6 – 48.2 - 48.2) (3.6 – 48.2 - 48.2) 

Slope (mV/ decade) 58.5 57.0 56.0 

Linearity range (M) 7.7 × 10
-7

-1.0 × 10
-2

 8.5 × 10
-6

-1.0 × 10
-2

 3.9 × 10
-6

-1.0 × 10
-2

 

Detection limit (M) 4.6 × 10
-7

 5.2 × 10
-6

 2.7 × 10
-6

 

Response time (s) 15 25 20 

Life span (days) 35-40 15-20 15-20 

Working pH range 3.0-7.0 3.0-8.0 3.0-7.5 

 

4.1.4. Effect of internal solution 

It is well known that the internal reference solution affects substantially the characteristics of 

the electrodes. There was negligible response with high KCl concentrations. The slope of the response 

was close to the theoretical value with equimolar solutions of drugs with KCl as the inner solution, but 

the linear range was very narrow.  The best results in terms of characteristics of the electrodes were 

obtained with an inner solution containing only 1.0 × 10
-2 

M of drugs solution. The former results 

might be due to the fact that the Donnan equilibrium was reached at membrane/inner solution interface 

and an electrical potential was generated (Donnan potential) necessary to develop the membrane 

potential. Thus it was probably not the case when the inner solution contained KCl 0.01 M or 0.1 M.  

 

4.2. Influence of soaking and Lifetime 

It has been observed that high solubility of some drug complexes in aqueous media and 

leaching of these complexes from the solvent polymeric membrane phase significantly affect the life 

time and the potentiometric response characteristics of sensors. A complicated approach to overcome 

the leaching problems was a repeated soaking of the membranes in the test solution [28, 29]. The 

freshly prepared electrodes must be soaked to activate the surface of the membrane to form an 

infinitesimal thin gel layer at which ion exchange occurs. This preconditioning process requires 
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different time depending on diffusion and equilibration at the electrode test solution interface fast 

establishment of equilibrium is certainly a sufficient condition for fast potential response [30].  

For the present electrodes, the presoak times were 24 h with slopes of 58.5, 57.0 and 56.0 mV/ 

decade for Zp3-PT, Zp-TPB and Zp-ClPB, respectively.  

Nevertheless, continuous soaking of the electrodes in 10
-2

 M ZpCl solution affects negatively 

their response to the Zp
+
. This is attributed to leaching of the active ingredients (ion-exchangers and 

plasticizer) to the bathing solution. It was notice2d that the slopes of the calibration graphs obtained by 

the preconditioned electrodes were nearly constant for 15-20 days in case of Zp-TPB, Zp-ClPB 

electrodes and 35-40 days in the case of Zp3-PT, then the slopes of the three electrodes started to 

decrease gradually reaching 50.8, 47.5, 43.7 mV/ decade for Zp3-PT, Zp-TPB, Zp-ClPB, respectively. 

However, it was noted that, in all cases, electrodes which have been kept dry in a closed vessel and 

stored in a refrigerator showed a good preservation of the slope values and response properties 

extending to several months.  

The decrease in the efficiency of the electrode is due to a diminished Zp
+
 ion exchange rate on 

the membrane gel layer-test solution interface, which is responsible for the membrane potential.  

 

4.3. Regeneration of the electrodes 

The above discussion reveals that soaking of the electrodes in the drug solution for a long time 

has a negative effect on the response of the membranes towards its ion. The same effect appears after 

working with the electrode for a long time.  

The regeneration of the electrodes was tried simply by reformation of the ion exchangers on the 

external gel layer of the membrane and this was successfully achieved by soaking the exhausted 

electrodes for 20 h in a solution of 1.0 × 10-2 M in PTA, TPB, ClPB followed by soaking for 14 h in 

1.0 × 10
-2

 M ZpCl solution. The slopes of the exhausted electrodes were found to be 51.0, 47.7, 43.0 

mV/decade but after regeneration they reached 54.2, 51.3. 52.9 mV/decade for Zp3-PT, Zp-TPB, Zp-

ClPB electrodes, respectively. 

 

4.4 Potential-pH profile of the sensor 

 The effect of pH of the test solution (1.0 × 10-2 - 1.0 × 10-4 M ZpCl) on  Zp3-PT Zp-TPB, Zp-

ClPB electrode potentials was investigated by following the variation in potential with change in pH 

by addition of very small volumes of HCl and NaOH (each 0.1- 1.0 M). The results indicated that the 

electrode displayed no response to the pH change in the range 3.0-7.0, 3.0-8.0, 3.0-7.5 for Zp3-PT, Zp-

TPB, Zp-ClPB respectively (Fig. 2). However, outside this range the electrode responses at pH < 3.0 

seems ascribable to penetration of chloride ion in the membrane gel layer or the formation of 

diprotonated species. The decrease occurring at higher pH values is most probably attributed to the 

formation of the free Ziprasidone base in the solution, leading to a decrease in the concentration of 

ziprasidone cation.   
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Figure 2. Potential–pH profile of ziprasidone based electrodes. 

 

4.5. The Dynamic response time behavior of the proposed electrodes 

It is well known that the dynamic response time of a sensor is one of the most important factors 

in its evaluation. To measure the dynamic response time of the proposed electrodes the concentration 

of the test solution has been successively changed from 1.0 × 10-4 M to 1.0 × 10-2 M. The required time 

for the electrode to reach value within ± 1 mV from the final equilibrium potential after increasing the 

level of the drug concentration to 10-fold be fairly short and 90 % of the final steady potential was 

reached after up to 15 s for Zp3- PT, 20 s for Zp-ClPB and 25 s for Zp-TPB electrodes.  

 

4.6 Conductimetric studies of pure solution of drug  

 Conductance measurements are used successfully in quantitative conductimetric titration of 

systems in which the conductance of the solution varies before and after the equivalence point. The 

system under investigation showed a regular rise in conductance up to the equivalence point where a 

sudden change in the slope occurs. The results of the drug determination presented in Table 3 showed 

that good recoveries and low standard deviations were obtained. The optimum concentration ranges for 

Zp+ determination are 9.25–97.0, 10.5–96.5 and 23.1–118.8 mg with mean recovery values of 99.00–



Int. J. Electrochem. Sci., Vol. 6, 2011 

  
3047

99.69, 98.09–99.74 and 98.41–99.25 % with coefficients of variation of 0.19-0.56, 0.17-0.75, and 

0.24-0.82 for Zp-TPB, Zp-ClPB and Zp3-PT electrodes respectively at which sharp inflections and 

stable conductance readings were obtained.  

 

Table 3. Conductimetric determination of Ziprasidone hydrochloride 
 

  Ziprasidone  
hydrochloride 

  

Additive Taken (mg) Found (mg) Recovery (%) RSD (%) 

ClPB     

 10.50 10.30 98.09 0.75 

 25.00 24.80 99.20 0.32 

 50.70 50.30 99.21 0.54 

 70.80 70.40 99.43 0.25 

 96.50 96.25 99.74 0.17 

PT     

 23.10 22.90 99.13 0.51 

 53.60 53.10 99.00 0.24 

 80.50 79.40 99.25 0.35 

 105.50 104.20 98.76 0.66 

 118.80 117.0 98.41 0.82 

TPB     

 9.25 9.20 99.45 0.56 

 22.00 21.80 99.00 0.23 

 48.50 48.20 99.38 0.45 

 72.50 72.10 99.44 0.38 

 97.00                  96.70 99.69 0.19 

 

4.7. Solubility products of ion associates 

The determination of the solubility product of a precipitate is important [31] since its reciprocal 

is approximately equal to the equilibrium constant of the precipitation reaction leading to the ion-pair 

formation. It is noteworthy to mention that the solubility of an ion-exchanger is one of the main factors 

controlling the life span of the sensor which incorporate this ion-exchanger as electro active material. 

The solubility products of the ion associates were found to be 1.25 × 10
-8

, 4.55 × 10
-11

, and 1.88 × 10
-6

, 

for Zp3-PT, Zp-ClPB, and Zp-TPB electrodes, respectively. Consequently, the equilibrium constants of 

the ion-associate formation reaction can be calculated as follows: 

 

Zp + ClPB                       k = 8.5× 10
7
 

 

3 Zp + PT                       k = 6.3× 10
9
 

 

Zp +TPB                        k = 1.6 × 10
6
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These equilibrium constant values are very high, indicating that the degree of completeness of 

the ion-associate formation reaction is 99.9 %. In the equilibrium, the solubility product of the 

undissociated ion associate in water (i.e. the intrinsic solubility) was omitted as this term makes a 

negligible contribution to the total solubility because the ion associates are sparingly soluble in water 

and its saturated solution is, therefore, very dilute [32, 33].  

 

4.8 Selectivity of the electrodes 

The mechanism of ISE is based on the fact that the ion pair or ion associate complex is formed 

between drug and ion exchanger; it is dissolved in the organic phase (membrane) and then placed 

between the two aqueous phases, the sample solution containing both analytes (A+) and interfering ion 

(B+) and internal reference solution. An ion exchange reaction takes place in the membrane surface 

according to  

 

A+ 
m + B+ 

s ……………………………A+ 
s + B+ 

m 

 

 
 

Figure 3. Selectivity of ziprasidone based electrodes. 
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Then, a constant concentration of these species is soon established in the solution, rather than in 

membrane, since diffusion inside the membrane is much slower than that in solution. The selectivity of 

the membrane therefore depends on the selectivity coefficient for A+ with respect to B+. The influence 

of some organic cations, sugars, amino acids, vitamin and urea on the ZpCl was investigated (Fig. 3). 

The selectivity coefficients of the proposed electrodes reflect a very high selectivity of the investigated 

electrodes for the Zp
+
.  

The mechanism of selectivity is mainly based on the stereospecificity and electrostatic 

environment, and is dependent on how much matching is present between the locations of the 

lipophilic sites in the two competing species in the bathing solution side and those present in the 

receptor of the ion exchanger [34]. The inorganic cations do not interfere because of differences in 

ionic size, mobility and permeability due to the fact that the smaller the energy of hydration of the 

cation, the greater the response of the membrane. 

 

 

 

 

5. ANALYTICAL APPLICATIONS 

In order to assess the applicability of the proposed electrodes, the methods were applied for 

determination of ziprasidone in its pharmaceutical preparations and in different biological fluids such 

as serum and urine.  

 

5.1. Determination of Ziprasidone in pharmaceutical preparations 

The proposed procedure was successfully applied for the assay of ziprasidone in Azona, 

Zipsydon tablets.  

The recoveries of ziprasidone tablets were compared with those obtained by a standard method 

which involves a voltammetric [3] and RP-HPLC procedures [4] (Table 4). No interference was found 

from the excipients in the tablets analyzed by the present method. This means that the proposed 

procedure should be applicable to the analysis of this and other similar type of formulation products 

that contain ziprasidone with great success. 

 

5.2. Determination of Ziprasidone in spiked urine samples 

Determination of analytes present in physiological matrices, such as urine or serum, without 

any preliminary treatment by electroanalytical methods is more interesting. The determination of 

ziprasidone in spiked human urine and serum was chosen as a practical example. The average recovery 

of ziprasidone in spiked human urine was found to be 99.5 % and 98.2 %, 98.1 %. This confirms the 

good selectivity of the method. Results obtained for the determination of ziprasidone in urine samples 

are presented in Table 5. 
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Table 4. Assay of Ziprasidone in pharmaceutical preparations 

 

 

 

 

 

Azona Zipsydon 

Standard 

addition  

Potentiometric 

titration 

Standard 

addition 
Potentiometric 

titration 

Taken (M)     

 1.2 × 10
-3

 3.0 × 10
-3

 1.2 × 10
-3

 3.0 ×××× 10
-3

 

 2.2 × 10
-3

 5.5 × 10
-3

 2.2 × 10
-3

 5.5 ×××× 10
-3

 

 4.8 × 10
-3

 7.8 × 10
-3

 4.8 × 10
-3

 7.8 ×××× 10
-3

 

 6.0 × 10
-3

  6.0 × 10
-3

  

Zp3-PT     

Recovery 

(%) 

98.7 97.1 97.0 101.2 

 97.5 98.5 98.4 99.5 

 99.6 99.1 98.9 96.4 

 98.2  97.3  

     

R.S.D.
 a
 (%) 0.18 0.87 1.07 0.37 

 1.01 0.65 0.55 0.15 

 0.48 0.27 0.61 1.19 

 0.75  0.98  

Zp-TPB     

Recovery 

(%) 

99.8 99.4 99.9 98.1 

 98.2 97.2 100.4 96.3 

 97.1 100.2 97.9 100.1 

 98.3  98.0  

R.S.D. a (%) 0.21 0.16 0.22 0.44 

 0.46 0.94 0.65 0.80 

 0.99 0.77 0.97 0.26 

 0.35  0.39  

Zp-ClPB     

Recovery (% 98.7 99.3 100.5 97.9 

 97.7 97.4 99.6 99.0 

 96.0 98.9 97.5 98.1 

 99.2  96.0  

R.S.D. a (%) 0.29 0.16 0.79 0.46 

 0.76 0.58 0.17 0.08 

 1.02 0.30 0.69 0.22 

 0.10  1.06  

 

 



Int. J. Electrochem. Sci., Vol. 6, 2011 

  
3051

Table 5. Determination of Ziprasidone hydrochloride in spiked urine samples by standard addition 

method 

 

Taken (M) Zp3-PT Zp-TPB Zp-ClPB 

Recovery 

(%) 

R.S.D. 

(%) 

Recovery 

(%) 

R.S.D 

(%)  

     Recovery                     

(%) 

R.S.D.  

(%) 

2.0 ×××× 10
-4

 98.3 1.0 97.3 1.4 97.8 1.3 

5.0 ×××× 10-4 98.7 0.76 99.1 0.95 98.5 0.88 

8.0 ×××× 10-4 101.6 0.93 98.4 1.02 98.1 0.96 

 

5.3. Determination of Ziprasidone in spiked serum samples 

The proposed method was also successfully applied for the determination of ziprasidone in 

serum samples, and the results are shown in Table 6. No extraction or pretreatment steps, other than 

the centrifugal separation of protein, were required prior to the assay of the drugs. The percentage of 

recovery of ziprasidone was calculated to be 97.8 % and 98.7 % and 98.8 %. Good recoveries of 

ziprasidone are obtained in spiked serum samples by the present method. 

 

Table 6. Determination of Ziprasidone hydrochloride in spiked serum samples by standard addition 

method 

 

Taken (M) Zp3-PT Zp-TPB Zp-ClPB 

Recovery 

(%) 

R.S.D. 

(%) 

Recovery 

(%) 

R.S.D 

(%). 

Recovery  

(%) 
R.S.D. 

 (%) 

2.0 ×××× 10-4 97.6 1.12 98.0 0.96 100.3 0.77 

5.0 ×××× 10
-4

 97.0 1.24 98.9 0.85 98.2 0.89 

8.0 ×××× 10-4 98.8 0.87 99.2 1.17 97.7 1.03 

 

5.4. Statistical evaluation of results 

The results of the pharmaceutical preparations were compared with the published procedures 

(Table 7).  The results are in good agreement with those obtained from the reference method. Student’s 

t-test and F-test (at 95 % confidence level) were applied [35-126]. The results show that the calculated 

t- and F- values did not exceed the theoretical values. The results demonstrate the validity of the 

proposed method for the determination of ziprasidone in tablet dosage forms.  
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Table 7. Statistical comparison between results of pharmaceutical preparations on applying the 

proposed and reference methods  

 

 Parameters Reference 

methods 

Parameters 

 Mean 

recovery 

S.D. R.S.D F- ratio 

(9.28)
a
 

t-Test 

(2.447)
b
 

 RP-HPLC
[4]

 Method Mean 

recovery 

S.D. 

Zp3-PT 

 

      Standard 

addition 

99.68 1.23 

Azona  98.5 1.18 1.21 0.43 0.27 Voltammetry
[3]

 Standard 

addition 

99.27 1.18 

Zipsydon 97.9 0.95 1.03 0.67 0.38     

Zp-TPB          

Azona  98.3 1.05 1.09 0.55 0.21     

Zipsydon 99.0 1.20 1.24 0.42 0.16     

Zp-ClPB 

 

         

Azona  97.8 1.25 1.29 0.89 0.55     

Zipsydon 98.4 1.07 1.13 1.21. 0.98     

          

 

5.5. Recovery of Ziprasidone in pharmaceutical preparations at different expiry dates 

Among all investigated electrodes in the present communication, Zp3-PT displayed higher 

selectivity and stability.  
 

Table 8. Assay of Ziprasidone hydrochloride in different pharmaceutical preparation at different 

expiry date by applying standard addition method for Zp3-PT electrode 
 

Taken 

(mg) 

Newly 

manufactured  

batch 

One month before its 

expiration date 

One month after its 

expiration date 

Six month after its 

expiration date 

Azona Recovery 

(%) 

RSD  

(%) 

Recovery 

(%) 

RSD  

(%) 

Recovery 

(%) 

RSD  

(%) 

Recovery 

(%) 

RSD  

(%) 

1.2 × 10
-3

 97.5 0.63 98.7 0.73 101.5 1.38 88.5 1.59 

2.2 × 10
-3

 98.2 0.75 100.2 0.99 100.8 1.08 87.7 1.72 

4.8 × 10
-3

 99.6 0.79 101.3 1.12 100.6 1.19 90.2 1.18 

6.0 × 10
-3

 98.0 0.82 98.9 0.84 98.7 1.29 86.8 1.87 

Zipsydon         

1.2 × 10-3 98.7 0.70 98.6 0.67 99.2 1.40 91.5 1.21 

2.2 × 10-3 97.9 0.66 100.4 1.10 101.5 1.32 89.4 1.57 

4.8 × 10-3 99.4 0.94 100.6 1.08 101.7 1.26 88.0 1.66 

6.0 × 10
-3

 98.3 0.87 99.1 0.88 98.5 1.04 87.3 1.85 
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So the analytical applicability Zp3-PT was further assessed for pharmaceutical preparations of 

four batches of different expiry dates (Table 8) show that the concentration of ziprasidone 

hydrochloride was not affected by time except after six months from the expiration date where the 

concentration begin to decrease and the recoveries were ranged from 88.5-90.2, 87.3-91.5, 86.5-90.7 % 

with relative standard deviation 1.18-1.87, 1.21-1.85, 1.38-1.75 for pharmaceutical preparations, 

respectively. 

 

 

6. CONCLUSION 

The present study shows that ISEs are very promising platforms and offer an attractive solution 

for investigation of ziprasidone hydrochloride over other sophisticated analytical methodologies. The 

proposed potentiometric membrane electrodes have good analytical credentials. The construction of 

the electrodes is simple, fast and reproducible and assures the reliable response characteristics. The 

proposed electrode was successfully applied in the assay of pharmaceutical formulations and 

biological fluids with high accuracy and percentage recovery. The proposed sensor open a new very 

interesting field in the application of ISEs in the assay of the drugs in true biological samples 

containing the metabolites of the drugs and their validation which is must for quality control of drugs 

in pharmaceutical industry. Thus, the proposed methods proved to have precision and accuracy 

adequate for the reliable analysis of ziprasidone. 
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