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ABSTRACT 
Simple, sensitive, accurate, cost effective and precise Conductometric method for quantitative 
determination of Five Cationic commercial drugs viz. Atomoxetine HCl(ATM), Ciprofloxacin 
HCl(CIP), Epinastine HCl(EPN), Itopride HCl(ITP) and Mebeverine HCl(MEB) were developed. The 
method was based on the formation of insoluble salt ([Drug]6Mo4O7) between the Drug Cation of 
Drug Molecules and  Molybdate anion of Ammonium Molybdate(AMB) solutions.  Aliquots of 
standard drug solution (2.5-15 mL) which is containing 2.5-15 mg pure drug and 2.5x 10-3 M 
Ammonium Molybdate taken in burette was used for titration. The observed conductance reading was 
taken and corrected conductance i.e.Ω-1correct = Ω-1obs [V1+V2/V1]. A graph of corrected 
conductivity Vs volume of added titrant was constructed and the endpoint was determined graphically 
at the intersection of two lines. The amount of drugs under study was calculated according to the 
equation for amount of drug = V.M.R /N. The proposed method was successfully applied in the 
determination of the above five metal anionic Drugs and Pharmaceutical formulations, with results in 
close agreement at a 95% confidence level with those obtained using spectrophotometric 
determination method. 
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INTRODUCTION 
 

Atomoxetine is chemically, (-)-N-methyl-3-phenyl-3-(o-tolyloxy) propan-1-amine hydrochloride) 
[Fig.1a]. ATM is widely used in the treatment of attention-deficit hyperactivity syndrome. It is act as a 
selective norepinephrine reuptake inhibitor. An extensive literature survey shown that some of the 
analytical methods were developed for the determination of CIP such as Reverse phase-High 
Performance Liquid Chromatography (RP-HPLC) [1-3], High Performance Thin Layer 
Chromatography (HPTLC) [4], Liquid Chromatography(LC) [5], UV-Spectrophotometry [6-8]. 

      Ciprofloxacin is chemically, 1-Cyclopropyl-6-fluoro-1, 4-di hydro-4-oxo-7-(pi perazinyl-1)-3- 
quinolone and carboxylic acid (Fig.1b). It is a flouroquinolone, antibiotic drug. CIP recommended for 
prevention of bacterial toxicities. It functions by inhibiting DNA gyrase, gastrointestinal and 
abdominal infections. Some of the analytical methods were developed for the determination of CIP 
such as high performance liquid chromatography- Mass Spectroscopy [9-11], UV- Spectrophotometry 
[12-16], Spectrofluorimetry [17], NIR Spectroscopy [18], Atomic absorption spectroscopy [19-20] 
and Raman Spectroscopy [21]. 
 
       IUPAC name of Epinastine hydrochloride is 3-amino-9, 13b-dihydro-1H-dibenz(c,f) imidazo 
(1,5-a)] azepine hydrochloride (Fig.1c). It is a selective H1-receptor antagonist and also has an anti-
allergic effect by inhibiting the release of allergy-inducing substances such as histamine. A thorough 
survey literature shown that, several analytical techniques were developed for quantification of 
Epinastine HCl viz. HPLC [22], HPLC-UV-Spectrophotometry [23], HPLC-UV-Derivative 
Spectrophotometry [24]. 
 
       Itopride hydrochloride chemically known as N-[[4-(2-dimethyl amino ethoxy) phenyl] methyl]-
3,4-di methoxy benzamide hydrochloride (Fig.1d). ITP is a gastroprokinetic negotiator, it raises the 
acetylcholine which is inhibiting dopamineD2 receptor and results in increasing of gastrointestinal 
problems. Some analytical methods for determination of Itopride HCl are reported in the literature 
such as RP-HPLC [25-30], HPTLC [31], LC-MS [32], Chromatography [33], Spectroflurometry-
HPLC [34], Spectrophotometry-HPLC35, UV-Spectrophotometry [36-42], Extractive Spectrophoto- 
metry [43]. 
 
        

 
Figure 1. Drug Structures 

   
 

a. Structure of ATM 
 

 
b. Structure of CIP 

 
c. Structure of EPN 

    
 

        d. Structure of ITP                             e. Structure of MEB 
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Mebeverine hydrochloride is included in the group of anti-spasmodic drugs of muscular tropic 
pharmaceuticals (Fig.1e). MEB is mainly used to treat bowels irritable syndrome and diarrhea.  MEB 
was determined by many analytical methods, such as RP-HPLC [44-48], HPLC [49-52], TLC [53], 
Chromatography [54-55], UV-Spectrophotometric methods [56-60], Ultra performance Liquid 
Spectroscopy [61], HPTLC [62], NMR [63], Extractive Spectrophotometry [64], Colorometry [65] 
and Chemiluminiscence [66]. 

 
      Through survey of literature on the above mentioned anionic drugs revealed that Conductometric 
determination based on the use of Ammonium Molybdate as Precipitating agent [69-70] have not 
been yet reported. The present work is an attempt to develop accurate, simple, sensitive, and cost 
effective method for the quantitative analysis of the above drugs. 

 
MATERIALS AND METHODS 

 
Instruments: Conductance for the study required has been measured by using Systronics 
Conductometer 306 portable conductivity /TDS meter. AC-C10 dipped type Conductometer Cell was 
used with a cell constant K cell of 0.97 in the study. A Dhona 200 electrical balance which is having 
single pan is used for weighing all the samples. 
 
Reagents: All reagents used were of analytical-reagent grade and distilled water was used throughout 
the investigation. 0.309gm of Ammonium Molybdate is dissolved in 100ml double distilled water to 
get 2.5x 10-3 M of Ammonium Molybdate. 7.54 gm. of KCl was dissolved in 1000ml double distilled 
water to get 0.1M KCl. Standard drug solution (200 μg mL-1) was prepared by dissolving 20 mg of 
drug with distilled water to the mark in 100 ml standard flask. The stock solution was diluted 
appropriately to get the working concentration. 
 
Method development: Aliquots of standard drug solution (2.5-15 mL) containing 2.5-15 mg pure 
drug were transferred to 50 ml calibrated flasks volumes were made up to the mark using double 
distilled water. The contents of the flask were transferred to a beaker. The conductivity cell was 
immersed in it and 0.0025 M Ammonium Molybdate taken in burette was used for titration. The 
conductance reading was taken subsequent to each addition of titrant after stirring for 2 min and 
corrected for dilution effects by means of the following equation, assuming that conductivity is a 
linear function of dilution. 
 

Ω-1 correct = Ω-1obs [V1+V2/V1] 
 

Where Ω-1correct is the corrected electrolytic conductivity, Ω-1obs is the observed electrolytic 
conductivity, V1 is the initial volume and V2 is the volume of reagent added. A graph of corrected 
conductivity vs. volume of added titrant was constructed and the endpoint was determined graphically 
at the intersection of two lines. 
 
The amount of drugs under study was calculated according to the following equation 
 

Amount of drug = V.M.R / N 
 

Where, V is volume (mL) of titrant, M is molecular weight of drug, R is molar concentration of titrant 
and N is number of moles of titrant consumed by one mole of drug. 

 
Optimization of the parameters of quantification 
 
Effect of Solvent: Titrations in different solvents were performed to obtain the best results 1) Drug 
and reagent in ethanolic solution 2) Drug and reagent in acetone solution 3) Drug and reagent in 
methanol solution 4) Aqueous solutions of both drug and reagent. Preliminary experiments showed 
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that procedure in aqueous media was the most suitable solvent for best results which gives higher 
conductance and most sharp endpoint. 
 
Effect of reagent concentration: A fixed weight of investigated drugs were dissolved in 25 mL bi 
distilled water and titrated against 1x10-3, 1.5x10-3and 2.5x10-3M Ammonium Molybdate solution. 
The results indicated that, titrant solutions lower than 2.5x10-3M are not suitable for Conductometric 
titrations as the conductance readings were unstable, more time was needed to obtain constant 
conductance values and inflection at the end point was very poor. So, the reagent concentration must 
be not less than ten times that of the drug solution in order to minimize the dilution effect on the 
conductivity throughout the titration. The optimum concentration of Ammonium Molybdate is 2.5x10-

3M to get a highly stable conductance reading after 2 minutes of mixing. 
 

  
 

a. Calibration graph of ATM. 
 

b. Calibration graph of CIP. 
 

  
 

c. Calibration graph of EPN. 
 

d. Calibration graph of ITP. 
 

 

 

e. Calibration graph of MEB. 
 

Figure 2. Calibration graphs of  ATM, CIP, EPN, ITP and MEB. 
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Effect of Temperature: The experiment was performed at room temperature. The rise in temperature 
to 400C showed that the conductivity of the whole solution increases, as the temperature increases. 
 
Linearity: In order to establish whether the proposed method exhibits any fixed or proportional bias, 
a simple linear regression of observed drug concentration against the volume of Ammonium 
Molybdate was calculated. Student's t-test (at 95% confidence level) was applied to the slope of the 
regression line and showed that it did not differ significantly from the ideal value of unity. The 
standard deviation (SD) can be considered satisfactory, at least for the level of concentrations 
examined (Figure 2). 

 
Accuracy and precision: To assess the precision, each experiment was repeated at least four times 
and accuracy is estimated in terms of percent recovery and percent RSD. Excellent per cent recovery 
and RSD being less than 2 for each drug demonstrates accuracy and precision of the methods. Further 
t-test and F-test values have also been calculated using a standard reference method. The t-test and F-
test values are less than their permissible range indicating high accuracy and precision of the methods. 
LOD and LOQ can be determined for each drug. 
Procedure for analysis of Pharmaceuticals 
 
Atomoxetine Hydrochloride: Twenty tablets of Axepta each containing 10 mg were collected and 
crushed into powder. 150 mg equivalent of Atomoxetine Hydrochloride was weighed from tablet 
powder and transferred into 150 mL volumetric standard flask, completely dissolved in bi distilled 
water by sonication technique for 30 minutes and filtered with Eisco qualitative filter paper.  After 
that the Solution converted to working concentration on dilution with bi distilled water for 
conductometric titration of Atomoxetine Hydrochloride solution with ammonium molybdate reagent. 
 
Ciprofloxacin Hydrochloride: Two tablets (Lincip 500 mg) were collected and crushed into powder. 
200 mg equivalent of Ciprofloxacin Hydrochloride was weighed from tablet powder and transferred 
into 200 mL volumetric standard flask, completely dissolved in bi distilled water by sonication 
technique for 30 minutes and filtered with Eisco qualitative filter paper.  After that the Solution 
converted to working concentration on dilution with bi distilled water for conductometric titration of 
Ciprofloxacin Hydrochloride solution with ammonium molybdate reagent. 
 
Epinastine Hydrochloride: Twenty five tablets of Alesion -10 mg were collected and crushed into 
powder. 200 mg equivalent of  Epinastine hydrochloride was weighed from tablet powder and 
transferred into 200 mL volumetric standard flask, completely dissolved in bi distilled water by 
sonication technique for 30 min and filtered with Eisco qualitative filter paper. After that the Solution 
converted to working concentration on dilution with bi distilled water for conductometric titration 
ofEpinastine Hydrochloride solution with ammonium molybdate reagent. 
 
Itopride HCl: Ten tablets of Itopride50 mg were collected and crushed into powder. 200 mg 
equivalent of Itopride HCl was weighed from tablet powder and transferred into 200 mL volumetric 
standard flask, completely dissolved in bi distilled water by sonication technique for 30 minutes and 
filtered with Eisco qualitative filter paper.  After that the Solution converted to working concentration 
on dilution with bi distilled water for conductometric titration of Itopride hydro chloride solution with 
ammonium molybdate reagent. 

 
Mebeverine Hydrochloride: Three tablets of Normaxin each containing 200 mg were collected and 
crushed into powder. 200 mg equivalent of Mebeverine Hydrochloride was weighed from tablet 
powder and transferred into 200 mL volumetric standard flask, completely dissolved in bi distilled 
water by sonication technique for 30 minutes and filtered with Eisco qualitative filter paper. After 
that, the Solution converted to working concentration on dilution with bi distilled water for 
conductometric titration of Mebeverine Hydrochloride solution with ammonium molybdate reagent. 
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RESULTS AND DISCUSSION 
 

Conductometric measurements can be used in quantitative precipitation titrations in which the 
conductance of the solution varies before and after the equivalence point, so that two intersecting lines 
can be drawn to indicate the end-point (Figures 3-7). On using Ammonium Molybdate as a titrant for 
the determination of studied drugs, Drug Cation and Molybdate Anion is precipitated leading to a 
straight line during the first segment of the titration curve. The second segment of this curve 
corresponds to the excess of Ammonium Molybdate (Table 1 and 2). 
 
To know the validity of the proposed method, a statistical analysis of the data obtained from its 
application on drugs in the pure form and in pharmaceutical formulations was performed. Results 
show that the proposed method is satisfactorily accurate, precise and reproducible over a 
concentration range of 2.5-15 mg for all the studied drugs (Table 3 and 4). 

 
 

Table 1. Conductometric determination of the drugs with Ammonium Molybdate as reagent and 
calculation of regression and Analytical parameters. 

 
Name of the Drugs/Analytical 

Parameter ATM CIP EPN ITP MEB 

Concentration of drug (mg mL-1) 2.5-15 2.5-15 2.5-15 2.5-15 2.5-15 
Sandell’s sensitivity (mg/cm2) 0.001 0.001 0.001 0.001 0.001 
Limit of detection (mgmL-1) 8.6 x10-4 0.00223 8.3 x10-4 0.00512 1.96 x10-4 
Limit of quantification (mgmL-1) 2.6 x10-4 6.75 x10-3 0.0025 1.55 x10-4 5.9 x10-3 
Slope, b 1.013 1.005 0.995 0.985 0.99 
Intercept, a 0.115 0.081 0.0429 0.079 0.0722 
Correlation co-efficient, R2 0.999 0.999 1 0.995 0.998 
Regression equation Y* 1.0134X 

- 0.1149 
1.0047X 
 – 0.081 

.9945X 
 –0.0429 

0.985X 
 + 0.079 

0.9904X 
+ 0.0722 

SD of intercept curve(Sa) 2.65x10-4 7 x10-4 2.5 x10-4 1.53 x10-3 5.9 x10-4 
 
 

Table 2. Precision and accuracy parameters evaluation by recovery studies method for quantitative determination  
of pure drugs by Conductometric titration with Ammonium Molybdate. 

 

Name of the 
Drug Sample 

Drug Taken 
(μg mL-1) 

Drug Found 
(μg mL-1) 

Percentage 
of Error 

Percentage 
of drug 

Recovery 

Regression 
SD of drug 

Mean ± SD  
of Proposed 

method 
ATM 5 

10 
12 
14 

4.99 
10.03 
11.99 
13.99 

0.2 
0.3 

0.088 
0.07 

99.8 
100.3 
99.91 
99.92 

 
0.217 

 
99.99±0.217 

CIP 6 
12 
13 
15 

5.96 
11.95 
12.97 
15.01 

0.67 
0.42 
0.23 
0.07 

99.33 
99.59 
99.77 
100.07 

 
0.310 

 
99.68±0.309 

EPN 5 
10 
12 
15 

4.96 
9.98 
12.02 
14.98 

0.8 
0.2 

0.17 
0.13 

99.2 
99.8 

100.13 
99.89 

 
0.406 

 
99.76±0.404 

ITP 6 
8 
12 
14 

5.98 
8.01 
12.03 
13.98 

0.33 
0.13 
0.25 
0.14 

99.67 
100.13 
100.25 
99.86 

 
0.263 

 
99.97±0.263 

MEB 7 
10 
13 
15 

6.98 
10.01 
12.98 
13.98 

0.29 
0.1 

0.15 
0.13 

99.71 
100.1 
99.85 
99.87 

 
0.160 

 
99.89±0.160 
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Figure 3.Conductometric curves of 2mg, 4mg, 6mg, 8mg 
and 10mg of ATM with AMB. 

 

 
Figure 4. Conductometric curves of 2mg, 4mg, 6mg, 8mg 

and 10mg of CIP with AMB. 
 

  
 

Figure 5. Conductometric curves of 2mg, 4mg, 6mg, 8mg 
and 10mg of EPN with AMB.  

 

 
Figure 6. Conductometric curves of 2mg, 4mg, 6mg, 8mg 

and 10mg of ITP with AMB. 

 
 

Figure 7. Conductometric titration curves of 2mg, 4mg, 6mg, 8mg 
 and 10mg of MEB with AMB. 
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Table 3. Precision, accuracy, t-test and F-test evaluation by recovery studies method for quantitative determination  
of tablets by Conductometric titration with Ammonium Molybdate. 

 

Tablet 
Drug 
Taken 

(mg mL-1) 

Drug 
Found 

(mg mL-1) 

% of 
Error 

 

% of 
Drug 

Recovery 

Regression 
SD of drug 

Mean± SD 
(Reference 

method) 

Mean ± SD 
(Proposed 
method) 

ATM 
(Axepta 
10 mg) 

3 
6 
9 
12 

2.96 
5.98 
9.01 
11.99 

1.33 
0.33 
0.11 
0.08 

98.67 
99.67 
100.11 
99.9 

 
0.645 

 
99.59±0.642 

 
99.4±0.675 

CIP 
(Lincip 
500 mg) 

 

7 
9 
10 
12 

6.98 
9.01 
9.96 
11.98 

0.29 
0.11 
0.4 

0.17 

99.71 
100.11 
99.6 
99.83 

 
0.219 

 
99.81±0.2193 

 
97.8±0.56 

EPN 
(Alesion 
10 mg) 

3 
5 
9 
12 

2.96 
5.02 
8.98 
11.98 

1.34 
0.4 

0.22 
0.17 

98.66 
100.4 
99.78 
99.83 

 
 

0.727 

 
99.67±0.725 

 
100.2±0.846 

ITP 
(Itopride 
50 mg) 

6 
7 
11 
15 

5.96 
6.98 
10.97 
14.99 

0.67 
0.29 
0.2 

0.07 

99.33 
99.71 
99.8 
99.93 

 
 

0.251 
 

 
99.68±0.25 

 
98.6±0.512 

MEB 
(Normaxin 

200 mg) 

4 
8 
12 
15 

5.02 
7.99 
11.98 
14.98 

0.5 
0.12 
0.17 
0.13 

100.5 
99.88 
99.83 
99.87 

 
0.321 

 

 
100.02±0.321 

 
99.8±0.73 

 
 

Table 4. t-test and F-test evaluation by recovery studies method for quantitative determination of    
 tablets by Conductometric titration with Ammonium Molybdate. 

 
Tablets/ 

parameter 
ATM 

(Axepta 
10 mg) 

CIP 
(Lincip 
500 mg) 

EPN 
(Alesion 
10 mg) 

ITP 
(Itopride 
50 mg) 

MEB 
(Normaxin 

200 mg) 
t-test 0.0868 1.385 0.207 1.13 1.26 
F-test 0.905 0.154 0.734 0.238 0.192 

 
APPLICATION 

 
The Conductometric method used in the quantitative determination of the drugs in pure and 
 Pharmaceutical formulations. 

 
CONCLUSION 

 
The present study described the successful development of new, simple, sensitive, selective, accurate 
and rapid spectrophotometric method for the accurate determination of drugs each one in its 
pharmaceutical forms Ammonium Molybdate as precipitating reagent. There is no interference from 
additives and excipients. The method thus can be used in the determination of these drugs in pure and 
pharmaceutical formulations. So, it is the good alternative to the reported methods for the 
determination of these drugs. 
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