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Summary: Four polymeric membrane sensors have been developed for the analysis 
of salicylate based on [Ni (bphen)2] (salicylate)2 (sensor 1), [Mn (bphen)2] 
(salicylate)2 (sensor 2) and [Co (bphen)2] (salicylate)2 (sensor 3) as a new ion pairs. 
Sensor 4 was prepared by using [Ni (bphen)2] (salicylate)2 ion-pair immobilized on 
graphite rode. The results of this study show that the sensors show a Nernstian 
response for salicylate over a wide concentration range, 1×10-1-1×10-5 M, 1×10-1-
3.2×10-5 M,  1×10-1-4.0×10-5  M, and 1×10-1-4.0×10-5 M for sensor1, sensor 2, sensor 3 
and sensor 4, respectively. These electrodes are very easy to prepare and use, and 
show a Nernstian response. Low detection limit, wide dynamic range, good 
selectivity, rapid response time and relatively long term stability make these 
electrodes suitable for measuring the concentration of salicylate in real samples, 
without the need of preconcentration or pretreatment steps and without any significant 
interaction from other anionic species present in the samples. The proposed sensors 
are used for potentiometric titration of iron content of some drugs. 
 

Introduction 

Development of PVC membranes has made the original liquid membrane electrode 

configuration virtually redundant and has led to potentiometric sensors based on 

polymer membranes being available commercially to sense ions such as calcium, 

water hardness, nitrate, and bicarbonate.(1) Construction and application of an ion-

selective electrode as a potentiometric sensor offers advantages such as simplicity, fast 

response, low cost, and wide linear range. These characteristics have inevitably led to 

construction of sensors for ionic species.(2) When the attraction is purely electrostatic, 
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the partition of anions from the aqueous sample solution into the ISE membrane is 

simply dependent on the lipophilicity of the anions.(3) 

Salicylate derivatives are commonly used as effective antimicrobial, antipyretic 

and analgesic agents. Aspirin, in particular, probably remains one of the most widely 

used drugs of any kind.(4) One should realize, however, that salicylates could be quite 

toxic if taken in large doses. Levels in plasma higher than 2.2 mM of salicylates are 

regarded as being toxic to the patients. Salicylic acid is one of the common 

metabolites of acetylsalicylic acid (aspirin), which is widely used as an analgesic and 

anti-inflammatory agent and in cases as a preventive of heart attacks.(5) The free acid 

is widely used as an antiseptic and a food preservative, and in cases of acute salicylate 

poisoning, where knowledge of the plasma salicylate level and of its rate of change 

provides a valuable indication of the severity of poisoning, it is a very useful guide to 

the type of treatment required. Aspirin is responsible for more cases of accidental 

poisoning in children than any other substance. Toxic doses of salicylates initially 

produce a stimulation of the central nervous system. This may be reflected by 

hyperventilation, flushing and fever. 

Several methods in current use for salicylate quantification include, flow-

injection,(6) electrophoresis,(7) amperometric biosensor,(8) ion chromatography,(9) high 

performance liquid chromatography,(10) gas chromatography,(11) 

spectrophotometry,(12,13) liquid-chromatography,(14) centrifugal analyzer(15) and 

potentiometric methods.(16,17) Recently, several salicylate-selective membrane 

electrodes involving a variety of ion carriers have been reported.(18–21) Development of 

a suitable salicylate-selective electrode would enable the detection of "free" salicylate 

in samples and could help researchers studying the pharmacological role of this 

drug.(21) 

The most widely used analytical method for determining total salicylate is based on 

the Triender reaction, in which a salicylate sample reacts with Fe3+ to form a colored 

complex in acid solution.(22)  Equilibrium constant for formation of complex ion with 

salicylic acid is very high. So, in the presence of excess Fe3+, virtually all of salicylic 

acid in solution will be in the form of complex. Few sensors were constructed for the 

determination of  iron, some of them including tetrachloroferrate (III),(23) benzo-18-
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crown-6 crown ether,(24) complex of iron (III) and 1,4,8,11-tetraazacyclotetradecane(25)  

and ferrion.(26) 

The present work describes three salicylate ion sensors incorporating [Ni (bphen) 2 

(salicylate) 2] (Sensor 1), [Mn (bphen)2 (salicylate)2] (Sensor 2) and [Co (bphen)2 

(salicylate)2] (Sensor 3) as electroactive materials dispersed in PVC matrix 

membranes. Graphite sensor is prepared using Ni (bphen) 2 (salicylate) 2] as 

electroactive materials (Sensor 4). The sensors exhibit high sensitivity, long stability, 

reasonable selectivity for salicylate ions over many common ions and can be 

successfully used for accurate determination of salicylate content of some drugs.  The 

proposed sensors are used for potentiometric titration of iron content of some drugs.    

 
Experimental  

Equipment  

  Potentiometric measurements at 25±1C were made with an Orion digital ion-

analyser (model, 420A) using conventional sensor with [Ni (bphen) 2 (salicylate) 2] 

(Sensor 1), [Mn (bphen)2 (salicylate)2] (Sensor 2) and [Co (bphen)2 (salicylate)2] 

(Sensor 3) as electroactive materials dispersed in PVC matrix and plasticizer as 

solvent mediater. Salicylate sensors were used in conjunction with an Orion 90-02, 

Ag-AgCl single-junction reference electrode containing 10% (w/v) KNO3 solution in 

the outer compartment. Adjustment of the pH was made with an Orion 91-20 

combination glass electrode. 

  

Reagents and materials 

 

 All chemicals were of analytical reagent grade unless otherwise stated and 

doubly distilled water was used throughout. Sodium salicylate, 4,7-diphenyl 1,10-

phenanthroline (bphen), poly (vinyl chloride) powder (PVC), tetrahydrofuran (THF) 

and o-nitrophenyloctyl ether (o-NOPE) were obtained from Aldrich Chem. Co. 

(Milwaukee, WI, USA).  

Salicylate (10-1 M) stock solution was prepared by dissolving 0.8 g of sodium 

salicylate in 50 ml of doubly distilled deionized water and the solution was buffered 
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using 0.05 M phosphate buffer of pH 7. Several anion solutions were prepared and 

standardized using the standard methods. 

 

Construction of salicylate membrane sensors 
 

 A 50 mg portion of 4,7-diphenyl-1,10-phenanthrolrne (bphen) was dissolved in 

10 ml of 60% (v/v) ethanol-water mixture and the solution was stirred and mixed with 

0.1 ml of 0.1 M NiCl2, MnCl2 or CoCl2. Few drops of ethanol were added to the 

reaction solution to maintain the solution clear. The previously prepared 

[[Ni(bphen)3]Cl2, [Mn(bphen)3]Cl2  or [Co(bphen)3]Cl2 solutions were mixed with 10 

ml of 10-2 M aqueous salicylate, and stirring for 5 min. A white, yellowish or faint red  

precipitates were filtered off through a Whatmann filter paper No. 42, washed with 

cold water, dried at room temperature for 24 h and ground to a fine powder. 

Poly(vinyl chloride)-based salicylate membrane sensors are prepared by 

thorough mixing 126 mg o-NPOE, 64 mg PVC, 4 mg electroactive material with a 3 

ml THF. The resulting mixture was transferred into Petri dish (3 cm diameter) and the 

solvent was evaporated at room temperature for 24 h. The resulting membrane was 

peeled off from the glass mould and discs (9-mm i.d.) were cut out and glued onto a 7-

mm i.d. PVC body (2 mm long) using THF. The tubes were filled with 1×10-2 M 

salicylate solution of pH 7. An Ag/AgCl coated wire was used as an internal reference 

electrode.(27) The sensors were conditioned by soaking overnight in 1×10-2 M 

salicylate solution and stored in the same solution when not in use.  

Salicylate graphite membrane sensor 
 

 A rod of spectrographic graphite (3 mm diameter and 6 mm long) was inserted 

in a polyethylene sleeve in which about 3 mm of the other end of the rod is protruding 

as a measuring surface. This end of rod was washed with acetone, dried in air for 3 h, 

and dipped rapidly into a homogeneous coating mixture, consisting of 66 mg poly 

(vinyl chloride), 10 mg Ni-bphen-salicylate complex, 132 mg and 6 ml of 

tetrahydrofuran. The solvent was allowed to evaporate in air after each dipping and 

the dipping process was repeated seven times to produce a uniform membrane on the 

surface of the graphite rod. Before use, the coated graphite rod was soaked in 10-2 M 
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salicylate solution of pH 7 and one drop of mercury was added in the polyethylene 

sleeve to ensure electrical contact with the connection cable. The sensors were 

conditioned by soaking in 10-2 M salicylate solution for 3 h and stored in the same 

solution when not in use. 

Selectivity coefficient measurements 
 

For determining selectivity coefficients ( Pot
ISalK , ) by separate solution method 

(SSM).(28,29) A 30 ml aliquot of 1 x 10-3 M of salicylate solution at pH 7 was 

transferred into a 50 ml beaker. The salicylate sensor in conjunction with a double 

junction Ag-AgCl reference electrode was immersed in the solution and the potential 

was measured. In a separate run, a 30 ml aliquot of 1 x 10-3 M of the interfering anion 

solution (at pH 7) was transferred into 50 ml beaker and the potential reading was 

recorded.  

Analytical characterization  

The electrodes  potential  were  measured at 25±1C  with  sodium  salicylate 

solutions covering the range of 1x10-1-1x10-6 M by immersing the different sensors in  

conjunction  with  a single  junction Ag/AgCl. The solutions of all concentrations 

were always freshly prepared immediately before measurements and were stirred 

during measurements. The potential reading  were  recording  after stabilization (±0.5 

mV ) and the mV value was  plotted  as  a function  of the  logarithm of salicylate 

concentrations.  

 

Determination of salicylate in pharmaceutical preparations 

 Five tablets of drug formulation were weighted and finely powdered in a small 

dish. An accurately weigh portion of the powder equivalent to 500 mg of acetyl 

salicylic acid, was prepared by directly dissolving the sample in 50 mL of 0.5 mol/l 

NaOH. The mixture was heated over a boiling water bath for 1h. The resulting 

solution was diluted to the mark with 0.05 M phosphate in 250 ml in a volumetric 

flask and used for the determination of salicylate content by potentiometric method. A 

25 ml aliquot was employed for the salicylate determination by using the [Ni 

(bphen)2] salicylate sensitive electrode at constant pH. 
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Potentiometric titration of ferric chloride with sodium salicylate   

  

 Salicylate membrane sensor based on {[Ni (bphen)2](salicylate)2}and Ag/AgCl 

single junction reference electrode were immersed in 50 ml beaker containing several 

concentrations of ferric chloride (10-2 -10-5 M) using phosphate buffer (0.05 M) of pH 

3.5. The solution was titrated with a standard (1x10-1 - 1x10-4 M) sodium salicylate 

solution. The potential reading was recorded after each addition. The equivalence 

point was calculated from the sharp inflection break or from first derivative curves, 

and the concentration of ferric ion was measured. 

 

 

 

 

Results and Discussion 

 

Influence of membrane Composition 

 

 The effect of membrane composition on the potentiometric response of the 

electrodes were investigated by varying the proportions of the membrane active phase 

to the plasticizer and PVC ratio. Table (1) represents the compositions of several 

typical membranes, along with their other characteristics. The electrodes suffered 

from short life time. The life time of the electrodes was improved by addition of 

portions of ion pairs to the membrane, it not only increase the membrane life time but 

also enhanced the response behavior (Fig.1), selectivity and reduced interferences 

from lipophilic sample anions. It is well known that the sensitivity and selectivity 

obtained for a given ion pair depend significantly on the membrane condition. 
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Table (1): Optimization of salicylate membrane ingredients by using o-NPOE as a plasticizer   

a. Average of five measurements 
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Figure (1): Potentiometric responses of salicylate membrane sensors.  

 

 

Composition ( mg ) Membrane 
No. 

Center 
atom Ion-pair PVC Plasticizer 

     Slope  
(mV/decade) 

Linear range 
(mol/L) 

1 Ni 2 65.8 
 

132.1 
 

57.0 1×10-1-3.8×10-5 

2 Ni 4 66.1 
 

132.2 
 

60 1×10-1- 2.9×10-5 

3 Ni 6 66.0 
 

132.0 
 

60 1×10-1- 1×10-5 

4 Co 2 66.0 
 

132.0 
 

56.2 1×10-1- 5.0×10-5 

 
5 Co  

4 
 

66.2 
 

132.0  
 

58.5 
 

1×10-1- 4.2×10-5 

 
6 Co  

6 
 

66.1 
 

132.0  
 

58.5 
 

1×10-1- 3.2×10-5 

7 
 Mn 2 66.0 131.9  55.0  

1×10-1- 6.5×10-5 

8 Mn 4 66.3 131.8  56.2  
1×10-1- 5.5×10-5 

9 Mn 6 66.0 132.2  56.2  
1×10-1- 4.0×10-5 

10       Ni   
(graphite) 4 66.0 132.0  58.0 1×10-1- 4.0×10-5 
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Response time and lifetime  

One of the important factors revealing the performance of the electrode is the 

dynamic response time. In order to measure the response time of the prepared 

electrode, we recorded the potential of stirred solution (initial salicylate concentration 

1×10–5 M) as a function of time by a stepwise change of the concentration up to  

1×10–1 M. The response time of the concentrations from 1×10-5 to 1×10-1 M varies 

between 10-15 s. The nearly identical response time is probably due to the fast 

exchanging kinetics of complexation–decomplexation of salicylate ion at the test 

solution/membrane interface. (Fig. 2). 

 
 

Figure (2): The response time of salicylate membrane sensor (sensor 1). 

 

 In order to assess the electrodes lifetime, the potential was measured versus 

salicylate ion concentration over the concentration range of 1x10-6 - 1.0 x10-1 M each 

week over a period of four weeks (electrodes No. 2, 5, 8, 10), while the electrode was 

in continual use. The slope remained constant through the assessment period. 

However, a slight change in the response was found and corrected by reconditioning 

the electrode by soaking it in a 0.01 M solution of sodium salicylate for 24 h. 
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Figure (3): Effect of the pH on the potential responses of (A) sensor 1, (B)   sensor 2 

and (C) sensor 3, respectively. 
 
 

The effect of pH 

 

The effect of pH of the test solution on the response of the membrane electrodes was 

examined at two salicylate concentrations. As illustrated in (Fig. 3)  for 1.0 x 10–3 and 

1.0 x10–2 M of salicylate, the potentials remain constant at pH of about 3–9. The 

results show that the sensors are suitable for salicylate determination in wide pH range 

of 3.0–9.0. In high pH media, OH– will probably compete with the salicylate ion, 

whereas in acidic media (pH < 3.0), the drift in the potential may be due to the 

interference of H+ ions. The working pH range over which the electrode can be used  

(3.0 - 9.0) covers the physiological conditions (pH 7.2–7.6). 
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Selectivity   

                                         

   Selectivity coefficient ( Pot
ISalK , ) for various anions were evaluated by the SSM 

method. Table (3) lists the potentiometric selectivity coefficient data of the sensors for 

several anions compared to salicylate. The selectivity coefficients clearly indicate that 

the four electrodes are selective to salicylate over a number of other inorganic and 

organic anions.  

  However, the selectivity coefficients of the salicylate-selective electrodes 

compared to the other anions investigated are in good compliance with the literature 

data. Certainly, an obvious advantage of this electrode in comparison with other 

salicylate selective electrodes is good selectivity coefficient. As evident from the data 

in Table (3), the ion-pair complexes-doped membrane electrodes displayed 

substantially improved selectivity for salicylate compared to several other anions. 

Most of these anions would be expected to interfere seriously with the classical anion 

exchanger type membrane electrodes. The high selectivity for salicylate compared to 

other anions is the strength of this interaction, relative to other anions, dictates the 

observed selectivity pattern of the electrode. The hard metal center in ion pair endows 

a strong oxophilic character to the complex and interacts strongly with the carboxylate 

group of salicylate, which acts as a hard base.  
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Table (2): Response characteristics of salicylate membrane sensors (2 %) ion pair complex 

 

                      ( log Pot
ISalK , )

a
 

Interfering ion (I) 
Sensor 1 Sensor 2 Sensor 3 Sensor 4 

Molybdate -0.53 -0.12 -1.56 -0.4 

Acetate -2.87 -2.4 -1.2 -2.23 

Nitrate -2.97 -2.8 -1.29 -2.82 

Benzoate -3.64 -2.63 -1.11 -2.9 

Oxalate -3.82 -2.89 -1.73 -3.3 

Phosphate -3.84 -2.66 -1.84 -3.1 

Thiosulfate -5.06 -4.62 -0.47 -5.1 

Cyanide -2.8 -4.47 -2.08 -2.16 

Sulfate -3.67 -2.8 -1.92 -3.28 

Chloride -2.19 -2.55 -1.48 -1.85 

Iodide -5.01 -3.81 -3.2 -4.8 

Catechol -0.2 -1.51 -0.81 -0.2 

Citrate -0.89 -1.69 -1.00 -0.77 

p-aminophenol -1.72 -2.01 -2.17 -1.8 

Pyragollate -3.1 -2.01 -2.45 -2.4 

Glycine -0.77 -1.82 -2.21 -0.82 
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Table (3): Potentiometric selectivity coefficients of salicylate membrane sensors. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
  

 
 
 
 
 
 
 
 

a. Averag
e of five measurements 

 
 
Analytical Applications 

 

 The proposed electrodes could be used for determination of the salicylate 

content of pharmaceutical preparations. Tablets of different aspirin samples were 

treated according to the procedure described above, and the resulting solutions were 

used to determine the salicylate content by potentiometric methods. The results 

obtained by the electrodes method Table (4) are in good agreement with the data  

obtained using spectrophotometric method,(13) emphasizing the potentials of the 

proposed analytical procedure.  

Parameter a 
Sensor 

1 
Sensor 2 Sensor 3 Sensor 4 

Slope(mV decade-1) 60.0 58.5 56.2 58.0 

Correlation coefficient  ( r )                0.999 0.998 0.9986 0.997 

Lower limit of liner range (M) 1×10-5 3.2×10-5 4.0×10-5 4.0×10-5 

Response time (s) 10-15 10-15 10-15 20 

Working pH range 3-9 3-9 3-9 3-9 

Lower Detection limit (M) 9 ×10-6 2.0 × 10-5 2.3 × 10-5 2.0 × 10-5 

Life span (week) 4 4 4 4 

Accuracy (%) 98.7 99.0 99.2 97.9 

Standard deviation 0.5 0.5 0.6 0.5 

Repeatability, CVw (%) 0.7 0.9 0.8 1.1 

Between day-variability, CVb (%) 1.0 1.1 1.2 1.4  
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Table (4): Application of salicylate membrane sensors in some pharmaceutical preparation 

 
 

a Average of five measurements 

 

 The proposed salicylate membrane sensors also were found to work well under 

laboratory conditions. They were successfully applied to the titration of ferric chloride 

solution with sodium salicylate solution, the amount of ferric chloride solution can be 

accurately determined with the electrodes. Several concentrations of ferric chloride 

were prepared, the potential of the electrode was decreased upon addition of the 

solution of salicylate solution and deep violet complex were formed between ferric ion 

and salcylite.  It is clear that the concentration of ferric chloride solution can be 

accurately determined from the resulting titration curve providing a sharp end point 
 

 

 

 

 

 

 

 

 

 

 

 
Trade name and       
   sources                     

 
Nominal 
content 
      (mg/tablet) 

Sensor 1 Sensor 2 Sensor 3 Sensor 4 
 

UV-Vis 18   
  

 
Rivo 

(the Arab Drug Co. 
Cairo – A.R.E 

 
320  

 
97.5±0.3 

 
97.4±0.4 97.8 ± 

0.5 
 

97.5±0.6 

 

  
97.0±0.5 

  

 
Cidal - C 

(Chemical Industrial 
Development (CID) 

 
 

500  98.3±0.7 98.1±0.5 
 

97.3±0.4 
 

 
98.3±0.4 

 

  
 

96.5±0.6 
  

 
Alexoprine 

(Alex Pharm) 

 
75  99.2±0.5 97.8 

±0.5  

 
98.3±0.4 

 
97.3±0.7 

 

  
95.9±0.7 

  
 

Aspocid 
 (Chemical Industrial 
Development, (CID) 

 

 
 

75  101.5±0.2 101.4±.2 

 
 

98.0±0.5 
 
 

98.7±0.5 97.3±0.6 
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Conclusion 

The results of this study show that the {[Ni(bphen)2](salicylate)2, 

{[Co(bphen)2](salicylate)2} and {[Mn(bphen)2](salicylate)2} ion-pair complexes based 

membrane electrodes may provide an attractive alternative for salicylate detection. 

These electrodes are very easy to prepare, use, and show Nernstian response. Low 

detection limits, wide dynamic ranges, good selectivities, rapid response times and 

relatively long term stabilities make these electrodes suitable for measuring the 

concentration of salicylate in real samples, without need of preconcentration or 

pretreatment steps and without any significant interaction from other anionic species 

present in the samples. 
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