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A simple electrochemical method was developed to estimate famotidine 
(FMT) in pure solutions and pharmaceutical preparatives by a flow-
injection analysis system (FlA). This method includes preparation of a 
coated graphite electrode using FMT with the Phosphotungstic acid 
precipitant (PTA), di-butyl phthalate (DBP) and poly vinyl chloride 
(PVC). The electrode characteristics were examined by studying the 
optimum conditions, the carrier current, the injected model size, flow 
rate, the reaction coil length, pH, the range of concentrations, the 
minimum Nernst response, the response time, the detection limits, and 
the study also included identifying the electrode selectivity of the 
toward other interfering ions. The electrode showed that the best 
Nernst slope for the calibration curve was at 33.82 mv/decade within 
linear range of (1.0 × 10-6- 1.0 × 10-1M), correlation coefficient (R2) 
0.9999, response time 10 seconds, the estimating speed is 90 
sample/hour, while the rate of dilution degree (D) is 2.6452. The 
obtained results confirmed that it is of high accuracy and precision (Err 
0.119%), (Rec 100.11%), (RSD 0.1233%). The proposed method was 
successfully applied to assay of FMT in commercial tablet forms.  
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1- Introduction:  
Famotidine 3-[2-(diamino methyl eneamino) thiazol-4-yl methyl thio]-N- sulfamoyl 

propionamidine, Fig.1 [1]. Famotidine  is the antihistamine H2 receptor antagonist, used to 

treat gastric and duodenal ulcers and gastric reflux disease [2]. Famotidine is usually given to 

the patient 40 mg daily as a therapeutic nap , and Famotidine is completely absorbed by the 

gastrointestinal tract with a maximum concentration in the plasma about 3 hours after oral 

administration [3]. The literatures described various methods used to assay famotidine in the 

form of pharmaceutical preparatives and biological fluids such as spectrophotometric 

methods [4-9], chromatographic methods [10-14], the flow injection analysis method using a 

spectrophotometry [15], and  electrochemical methods[16-18].However, most of these 

techniques were not particularly beneficial for assessing famotidine due to its suffering from 

many problems such as response time, simplicity, selectivity, efficacy, economic cost, and 

maximum detection. The flow injection analysis system (FlA) proved that it is an easy and 

appropriate way to analyze the samples due to the consumption of the reagent , the sample is 

low, the response time is less , the rate is high in estimating the samples , reproducibility for 
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their results [19,20]  and can also be applied to colored and turbid solutions [21]. The aim of 

this work is to develop a simple, accurate and economically viable method where by the 

method is based on the use of ion selective electrodes as a detector in the FlA technique to 

assay famotidine in pharmaceutical preparatives. The work included a study of the optimum 

conditions and factors affecting electrode stability. 

 
 

 

 
 

 

 

 

 

Fig. 1: The chemical structure of famotidine 

 

2- Materials and Methods 
2.1 Apparatus 

Flow injection analysis system (FlA) Fig.2a, consists of peristaltic pump (Ismatec, IDEX 

comporation, Switzerland) used to pump carrier stream via polyvinyl chloride (PVC) tubes      

(diameter 0.5 mm) commercially made and connected to the injection valve model 7125 with 

a change of sample loop Rheodyne from (Altexzlo, supelco , USA) works by inserting different 

volumes of the sample toward stream. Then it passes through the tubes of the reaction coil at 

which the reaction occurs. The standard calomel electrode (Hl1144B, USA) was used as an 

external reference electrode. pH meter model 3310 from (JENWAY company) works as a 

sensor in the (FlA) system connected to the unit of the model device C1032 (SlEMENS, 

kompenso, Germany) records the signal on the graphic sheet in the form of peaks. All 

experiments in this method operate under a single line system with a room temperature of 

25.0±1.0 Co and a four-decimal type sensitive balance (Balance kearm Abs 120-4).                                                                                                                                                                         
 

2.2 Reagents and Chemicals 
All the chemicals used in this study were highly pure. standard famotidine was provided 

by the state company for drug industries and medical appliances (SDI) Samarra -Iraq. While 

the forms of famotidine tablets (20 mg/tablet) were purchased from pharmaceutical and 

commercial sources. phosphotungstic acid (PTA) (Fluka, Germany), poly vinyl chloride (PVC) 

(Fluka, Germany), diputyl phthalate (DBP) (Fluka, Germany). The solutions were prepared 

using double distilled water with specific conductivity, as follows: -                                                                                                 

 
2.2.1 Standard Famotidine Solution 0.1 M 

The standard solution was prepared by dissolving 3.375 g of famotidine in amount of 

10% acetic acid. Complete the volume up to the mark with the same solvent in a 100 ml 

volumetric flask to obtain of 0.1 M concentration. This is followed by preparing a series of 

standard solutions with concentrations (1.00 x 10-7 -1.00x 10-2M) by dilution. Kept the 

famotidine solutions in a cool and dark place. 
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Fig. 2: a. Schematic diagram of the flow injection system used in famotidine measurements. 

           b.  Diagram of coated-Graghite electrode and reference electrode.     

 

2.2.2 Phosphotungstic acid 0.1 M 

A phosphotungstic acid solution was prepared by dissolving 28.802 g of solution in 100 

ml distilled water and complete the volume to the mark in a 100 ml volumetric flask to obtain 

0.1 M concentration. Store the solution (PTA) in a cool place under a temperature of 10 C0.                                                                                                                  
 

2.2.3 Famotidine Preparative Solution 0.01 M 
Ten tablets of famotidine were weighed and crushed in a porcelain mortar. A 

concentration of 0.01 M was prepared from the preparation containing 0.02 g of active 

ingredient by dissolution and to ensure dissolution, an ultrasound apparatus was used. Then 

it is filtered using Whatman filter paper No. 42 to get rid of insoluble matter and get a solution 

of 0.01 M concentration. dilute the solution by using double distilled water to the required 

level.                                                                                                                                                       

                                                                                                          

2.3 Procedure 
2.3.1. Ion-pair Preparation 

The ionic complex was prepared by adding 30 ml 1.00 x 10-1M of famotidine to 10 ml         

1.00 x 10-1 M of the precipitant PTA with continuous stirring and a yellow-colored precipitate 

of FMT-PTA is formed. Filter the precipitate using filter paper No. 42 and wash it several times 

with double- distilled water. The precipitate is then dried at room temperature 25.0 ±1.0 CO 

for 24 hours. Store in a cool and dark place.                                                

 

Preparation of the Coated- graphite electrode.2.3.2 

The sensitive film mixture was prepared by mixing 190 mg of polyvinyl chloride (PVC) 

powder as a supported material, 10 mg of pre-prepared ion complex, 0.35 mL plasticizer DBP 

and 5 ml of tetrahydrofuran (THF) as a solvent [18] . The membrane mixture is placed in a 

small glass beaker to be used for coating the electrode surface. The graphite electrode that 

was previously cleaned by immersing it in sulphuric acid for 24 hours, drying it with acetone 

and isolating it with a tight polyethylene tube of 4.0 cm in length and 2 mm in diameter was 

painted throw the exposed end by dipping it in the sensitive film mixture for ten times and 

allowing  the  THF  to evaporate by leaving the coated graphite electrode in the air to dry for 

one or two minutes at a time. After finishing the dipping process, the coated graphite 

electrode should be left at room temperature for a sufficient time for drying, and then placed 
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in a solution of 1.00 x 10-2 M diluted FMT for 10 hours to obtain an exchange of ions. Fig.2b, 

illustrates a sample of the coated graphite electrode.                                                                                                                   

 
3. Results and Discussion: 

Many important conditions affect the electrode response in the method of flow injection 

analysis (FlA), therefore these conditions must be studied and apply when designing the 

system, the most important of which are: (carrier stream, sample volume, flow rate, reaction 

coil length and pH).    

                                                      
3.1 Optimization of FlA Response 
3.1.1 A Carrier Current Effect 

The FlA technique essentially needs a continuous carrier current solution. Therefore, a 

group of solutions with a concentration of 0.1 M (Potassium chloride, sodium nitrate, and 

potassium nitrate) by injecting a fixed volume of 150 µL of the sample at different 

concentrations and a constant flow speed, the obtained results showed that potassium nitrate 

0.1 M gave the maximum peak and was chosen as the best carrier stream working with the 

FMT-PTA electrode. While other solutions led to a decrease in the peak and an increase in the 

consumption of chemicals.                                                                                                                                    

 

3.1.2 Effect of the Volume of the Injected Sample 
The study of the sample volume (  ) was done by changing the loop length in the 

injection valve and applying the following equation: - 

 
                        

r = radius in (cm) 

Ls = loop length in (cm) 

π = fixed ratio 

Different volumes were taken from the sample (60, 90, 120, 150, 180, and 210 µL) with 

different concentrations of FMT ranged (1.00 x 10-6 - 1.00 x 10-1 M) and injected into the FlA 

system. The results obtained in Fig.3, show that the most effective sample volume for FMT 

which gave the maximum peak was at 150 µL and is selected as the best volume of the sample 

with the prepared electrode. 

                                                                                                                                                   

3.1.3 Flow Rate Effect 

A flow rate study was performed for peak using different flow rates (0.5, 1, 1.5, 2, 2.5 and         

3 ml/min) with a fixed sample volume of 150 µL, Fig.4. shows the results of the study, It 

showed that with increasing flow rate, the height of the peak became higher and sharp until it 

reached 2 ml/min. then, the height of the peak began to decrease with increasing the flow 

rate, therefore the best flow rate of the FMT-PTA electrode was chosen at 2 ml/min.    
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Fig . 3: Effect of Injection Volume                           Fig . 4: Effect of Flow Rates 

3.1.4   Effect of the length of the Reaction Coil 

The length of the reaction coil has an extreme effect at the height of the peak, therefore its 

studies was performed by using different lengths of the reaction coil ranged as (20, 40, 60, 80, 

and 100 cm). The results obtained in Fig.5 indicate that with a decrease in the length of the 

reaction coil, the maximum peak was given. while increasing the length of the reaction coil, 

the height of the peak began to decrease, due to the increased degree of dilution of the sample. 

accordingly, 20 cm was chosen as the best length for the reaction coil to be used in 

subsequent studies.                                                                                                           

3.1.5   Effect of pH 

The effect of the FMT solution pH on the height of the peak was achieved by injecting a 

series of FMT solution via the injection valve with a different pH level in the FlA system. 

Sodium hydroxide 0.1 M solution and 0.1 M hydrochloric acid were used to adjust and fix the 

pH level to the real value (required). Fig.6, results obtained showed that most of the 

effectiveness potentiometric response of the FMT-PTA electrode can work at a pH range of (3-

7).                                                                                                                                                                              

 
 

 

 

 

 

 

 

 

 

 

 

      

 

     Fig. 5:  Effect of Reaction Coil Length                Fig  . 6: Effect of pH                            
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3.2 Calibration Curve 
      To plotted the calibration curve, a series of solutions containing different drug 

concentrations of FMT was prepared.150 µL of each concentration of FMT solution was 

injected into the FlA technique under optimum conditions, Table 1. The calibration curve 

represents the change in voltage (mv), that is, the height of the peak (mv) versus the change in 

concentrations expressed in –log [c]. Fig.7 showed that the linear range of the Nernestian 

response was from (1.00 x 10-6- 1.00 x 10-1 M), correlation coefficient (0.9999). The slope of 

Nernset was equal to (33.82 mv/ decade) and the value is close to the theoretical value 

calculated from the Nernest two-charge equation (29.58mv/decade). This means that the 

drug is di charge. 

 
3.3 Accuracy and Precision 
      Accuracy and precision were studied by calculating the relative error, recovery and the 

relative standard deviation. Table 2 showed the obtained results that the relative error did 

not exceed 0.1190%, and the recovery 100.11%. While relative standard deviation was 

0.1233%. These results prove that the method is of high accuracy and precision. 

  
3.4 Detection limit 
      The lowest electrode-sensing concentration was taken from the standard calibration curve 

and injected into a carrier current solution using a plastic syringe and six consecutive times 

for same concentration after optimizing the conditions. The result is shown in Table 1. 

 
                                           Table 1: The characteristics of the electrode    

  

 
 

 

 

 

 

 

  

 

 

 

  Fig. 7: Calibration graph for famotidine      

                           

Accuracy and precision                                                                                                        Table 2:  
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T

 

FMT:  Famotidine, Ele: electrode, Conc: Concentrations, ẑ: Six consecutive read average, SD:  
standard deviation, RSD%: Relative Standard Deviation, Rec%: Recovery. 
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3.5 Comparison of theoretical Nernst slope of the FMT-PTA electrode with and without 
carrier current (sample injection) 
       Table 3 shows the results of the comparison of the theoretical Nernst slope calculated 
from the Nernst equation and the experimental slope with and without injecting the sample at 
a flow rate of 2 mL/min for the FMT electrode. As these values indicated a convergence 
between the theoretical slope of Nernst two-charge and experimental inclination in addition 
to that the correlation coefficient was in all cases more than 0.99 [22].  
 

 The nearest slope for the electrode FMT-PTA                                                                       Table 3: 

FMT:  Famotidine, Ele: electrode, Conc: Concentrations, teq: time equilibrium           
 
3.6 Degree of Dispersion 
      The degree of dispersion (D) is one of the most important factors that must be considered 
when designing the FlA system because it shows the amount of dilution that occurred for 
solutions during the period of their presence in the system from the start of injection until the 
results appear. The degree of dilution was calculated by passing the sample without a carrier 
current through the system and recording the initial response height (HO). The process was 
repeated, but this time using a carrier current under the optimum conditions and recording 
the response height (Hmax). By applying the equation below, the dilution degree (D) was 
calculated.  

 

      
       

 
                            

    
      

 
                     

      Table 4 showed the results of the study of the degree of dispersion. As it was observed that 
the dispersion coefficient(D) of the prepared ion electrode is 2.6452, [23,24] and this value is 
between (1-3) an indication that the dilution of the limited type is consistent with the use of 
the sensitive FMT-PTA electrode as a detector with the Flow injection analysis technique 
(FlA). 
 
3.7 Selectivity of Electrode  
      Various methods can be used to calculate the selectivity coefficient (Ki, j pot) for the 
electrode. These methods can be classified into two main classes: separate solutions methods 
and methods of mixed solutions. While the most common method among mixed solutions is 
the fixed interference method [25]. The effect of some inorganic ions such as (K+, NH4+, Ca++, 
Ba++, Mg++, Al+++, Fe+++, sucrose and maltose) was studied on the electrode response. Table 5 
indicates that the prepared electrode has a high sensitivity and selectivity towards the drug 
solution without being affected by the added interfering ions. The evidence is that the values 
of the selectivity coefficient obtained with all ions were less than one. 
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14000- 00031- 00001- 2 
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 Table 4: results of measuring the degree                     Table 5: the selectivity factor of                 
of dispersion                                                                  potentiometric for some of the added ions. 

 
 

 

 

 

 
3.8 Analytical Applications  
      Two methods have been applied to estimate famotidine in pharmaceutical preparations 
(tablets) using the coated graphite electrode as a branched unit in the FlA system of these 
methods: the direct method which includes injection of a concentration (1.0 x 10-2, 1.0x 10-3 

M) of the preparative that was previously prepared into the carrier current via plastic syringe. 
The other method is the standard addition method (one addition). The results of two methods 
are shown in Table 6. The results showed that in both methods the average of recovery of 
FMT in pharmaceutical tablets was (97.25 - 102.87%), while the relative standard deviation 
did not exceed 0.9698%. This indicates that the proposed method has been successfully 
applied to estimate FMT in its pharmaceutical and commercial preparatives. 
 
Table 6: An analytical application of the proposed method for estimating FMT in the form of 
pharmaceutical tablets. 

Rec % RSD % (M) Found (M) Taken method Forms 
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a. method (l): direct method.   
b. method(ll): the standard addition method (one addition). 
 
 
4. Conclusions: 
      In the present work, the electrochemical method was developed by preparing the coated 
graphite electrode and using it as a detector within the Flow Injection Analysis System (FlA). 
It also indicated that the prepared electrode has high sensitivity and selectivity towards its 
ions. Also, this method achieved a good flow rate in small injection volumes and in a short 
time. While Rec% and RSD% showed that this method is of high accuracy and precision. 
shortly, the proposed method has many advantages including (sensitivity, simplicity, 
selectivity, lower response time, accurate results, low cost). Consequently, this method can be 
successfully applied in routine analysis of FMT in its pure form and its pharmaceutical 
preparatives. 
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فاموجيدين في انمحانيم اننقية وانمسححضرات انصيدلانية باسحعمال قطب انكرافيث انمطهي انجقدير 

 (FlAف في منظومة )اشكمك
 

 شذى يونس انسامرائي*، عهي يونسأحمد 
 (ahmedyuonis@gmail.com)حكشَج ، خايعت قسى انكًُُاء، كهُت انعهىو

         انبحث يسخم يٍ سسانت ياخسخُش انباحث الاول                                                                  

 معهومات انبحث:  انخلاصة:

بسُطت نخقذَش انفايىحُذٍَ فٍ انًحانُم انُقُت انحى حطىَش طشَقت انكهشوكًُُائُت 

حشًم  (.FlAاندشَاٍَ ) ححهُم حقٍوانًسخحضشاث انصُذلاَُت بىاسطت يُظىيت 

( يع FMTهزِ انطشَقت ححضُش قطب انكشافُج انًطهٍ باسخعًال فايىحُذٍَ )

ُج ( وبىحىد داٌ بُىحُم افثانPTAانًادة انًشسبت حايض انفىسفىحُكسخك )

(DBPوبىنٍ فُُم كهىساَذ ) (PVC . )حُاول  خصائض انقطب بذساست  حُث حى

وطىل ، سشعت اندشَاٌو، انًحقٍ الأًَىرجحدى و،  انظشوف انًثهً ، حُاس انُاقم

لادًَ يٍ الاسخدابت انحذ اويذي انخشاكُض ، و،  pHحايضُت يهف انخفاعم ، ودانت 

حذود انكشف ، كًا وشًهج انذساست ححذَذ اَخقائُت وصيٍ الاسخدابت ، و، انُُشَسخُت 

انقطب اٌ افضم يُم َُشَسج  اظهشث .احداِ الاَىَاث انًخذاخهت الاخشيبانقطب 

ضًٍ يذي انخطُت  عقذ يهٍ فىنج/ 33.82نًُحٍُ انًعاَشة كاَج عُذ 

)ضـــنهخشكُ
6-

10×1.0- 
1-

Rيعايم الاسحباط )و، يىلاٌ (1.0× 10
2

 )0.0000  ،

/ساعت .بًُُا كاَج ًَىرج 00خت سشعت حقذَش انًُذو، ثىاٍَ 10صيٍ الاسخدابت و

اكذث انُخائح انخٍ حى انحصىل عهُها اَها و.  2.6452( Dيعذل دسخت انخخفُف )

 Recالاسخشخاعُت )(، Err 0.110%انُسبٍ  انخطأراث دقت وحىافقُت عانُت )

 تطبقج انطشَق (.RSD 0.1233%الاَحشاف انقُاسٍ انُسبٍ )(، 100.11%

 .فايىحُذٍَ فٍ اشكال اقشاص انخداسَت بُداذ نخقذَشانًقخشحت 

 .6/1.1./12 حأسَخ الاسخلاو:

 .1/1.1./10حأسَخ انقبـــىل: 

 انكهمات انمفحاحية:

 انًطهٍ ،طب انكشافُج ق ،فايىحُذٍَ 
غشاء ،  ححهُم بانحقٍ اندشَاٍَ

(PVC )                     

 

 

 


