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Summary - New Plastic membrane ion-selective electrode for buspirone 
hydrochloride based on buspironium tetraphenylborate was prepared. The electrode 
exhibited mean slope of calibration graph of 58.4 mV per decade of BusCl 
concentration at 25°C. The electrode can be used within the concentration range 6.3 
x10-5-10-2 M BusCl at a pH range of 2.5-7.0. The standard electrode potentials were 
determined at different temperatures and used to calculate the isothermal temperature 
coefficient of the electrode, amounting to 0.00056 V°C-1. The electrode showed a 
very good selectivity for BusCl with respect to a number of inorganic cations, sugars 
and amino acids. The electrode was applied to the potentiometric determination of 
the buspirone ion and its pharmaceutical preparation under batch and flow injection 
conditions. Also, buspirone was determined by conductimetric titrations. Graphite 
rod, copper and silver coated wire electrodes were prepared and characterized as 
sensors for the drug under investigation.  

 
 

INTRODUCTION 
 
 Buspirone hydrochloride - 8-[4-(4-Pyrimidin-2-ylpiperazin-l-yl)butyl]-8-aza-
spiro[4,5]decane-7,9-dione hydrochloride CAS-33386-08-2 - is an azaspirodecanedione (BusCl).1 

Buspirone hydrochloride has dopaminergic, noradrenergic, and serotonin-modulating 
properties and its anxiolytic effects appear to be related to its action on serotonin (5-
hydroxytryptamine; 5-HT) neurotransmission. Buspirone has been shown to be as effective as 
benzodiazepine in the short-treatment of generalized anxiety disorders and to be less likely to cause 

sedation or psychomotor and cognitive impairment.1 
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It has been determined using a different number of techniques including spectrophotometry,2 
GC,3,4 capillary zone electrophoresis,5 voltammetry,6 HPLC,7,8 TLC,9 LC,10 LC-MS,11,12 capillary 
gas chromatography,13 colorimeric,14 GC-MS15 and differential pulse polarography.16  

Although there is an increasing demand for chemical surveillance in the environmental, 
medical and many other industries, which has created the need for highly sensitive, selective, 
precise and inexpensive techniques, no ion-selective electrode (ISE) has been constructed for the 
determination of Buspirone. In the present work, plastic membrane electrode for buspironium cation 
was constructed based on the incorporation of buspironium tetraphenylborate (Bus-TBP) ion-pair in 
polyvinyl chloride (PVC) membrane plasticized with dibutyl phthalate (DBP). The electrode was 
fully characterized under batch conditions and then used to determine the drug both in batch and by 
applying flow injection technique in which calibration standards and samples are allowed to flow 
over the membrane surface of the sensing electrode coupled to a reference electrode. The FIA 
principle has been used in this work for assessing the possibility of using the method for measuring 
buspironium cation. Also, a fine-graphite rod, copper and silver wires were coated with a solution 
mixture of the liquid ion-pair and polyvinyl chloride in THF to make an ion-selective electrode for 
buspironium cation. 

 
 

EXPERIMENTAL 
 

Reagents and materials 
All reagents used for the preparation of solutions were of analytical-reagent grade. Doubly 

distilled water was used throughout all experiments. Pure grade buspirone hydrochloride and its 
pharmaceutical preparations (Buspar, 10 mg per tablet) were provided by Bristol-Myers Squibb 
Egypt Company, Pyramids, Egypt. Sodium tetraphenylborate (Na-TPB) and dibutyl phthalate 
(DBP) were obtained from Fluka. Poly(vinyl chloride) (PVC) of high molecular weight and 
tetrahydrofuran (THF) were obtained from Aldrich.   

 
Potentiometric studies and electrochemical system 

Potentiometric measurements as well as construction of FIA system and methods used for 
recording the peaks as a function of potential have been performed as in our previous works.17, 18 
The construction of a cell that contains a conventional type membrane electrode may be represented 
as follows:   
Hg, Hg2Cl2, KCl (sat.)//salt bridge//sample/membrane/internal solution, AgCl, Ag (Reference 
Electrode System)                             (Ion-Selective Membrane Electrode) 
Fig. 1 shows a schematic diagram of the flow injection system used in measurements.  

Conductimetric measurements were carried out as previously described method19 with the 
aid of an Engineered Systems & Designs [ESD] conductometer model 72 (Conductance/TDS) 
(USA) provided with conductivity cell of 1.000 cell constant. 
 
Preparation of the ion pair 

The ion-pair buspirone tetraphenylborate (Bus-TPB) (white powder) was prepared by the 
addition of 100 ml of 10-2 mol l-1 BusCl solution to 100 ml of 10-2 mol l-1 sodium tetraphenylborate 
solution. The precipitate was filtered, washed thoroughly with distilled water until chloride free and 
dried at room temperature. The chemical composition of the ion-pair, as identified by elemental 
analysis was found to be 1:1; the obtained results showed good agreement with the calculated 
values. The percent values found are C 77.3, H 7.3 and N 9.5 while the calculated values are: C 
76.5, H 7.4 and N 9.9. 
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Electrode construction 

Several membrane compositions were investigated. The Bus electrode was prepared by 
dissolving the required amounts of PVC, ion-pair and the plasticizer (DBP) in a 7.5 cm diameter 
Petri-dish containing 8.0 ml of THF (the total weight of the ingredients was 0.27 g), the components 
being well mixed to ensure homogeneity of the membrane. The Petri-dish was then covered with a 
filter paper and left to evaporate in air. The prepared membrane was cut and glued, using PVC-THF 
paste, to the polished end of a plastic cap attached to a glass tube. The electrode body was filled 
with a solution that is 10-3 mol l-1 with respect to both NaCl and BusCl and preconditioned by 
soaking in 10-3 mol l-1 BusCl solution.18 

 Graphite pencil rod, copper and silver buspirone coated wire electrodes (3 mm in diameter 
and 12 cm in length) were prepared and used. The wires were enclosed in a polyethylene tube of a 
proper diameter leaving 2.0 cm bared at both ends. One of these terminals was used for connection 
while the other was dipped in a solution made by dissolving the required amounts of the ion-pair, 
DBP and PVC in about 4 ml of THF contained in a test tube. The plastic layer formed on the 
surface of the rod is left to dry in air and the process was repeated several times (8-12) till a layer of 
proper thickness is formed covering the terminal of the rod.20  

 
 

RESULTS AND DISCUSSION 
 

The introduction of new ion-selective electrodes (ISEs) has promoted fundamental 
development in potentiometry. ISEs are characterized by high accuracy and precision compared to 
those of methods like HPLC, cyclic voltammetry and spectrophotometry which may require more 
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FIGURE 1. - Schematic diagram of the flow injection system used in 
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complicated instrumentation or time-consuming and pretreatment steps. Discussion will be 
emphasized on the performance characteristics of the suggested buspirone ion-selective electrode 
and the effect of different parameters like composition of the membrane, temperature, soaking, pH 
and interferences in both batch and FIA conditions.  
      
Performance characteristics of ISE in batch condition 
Composition of the membrane 

In plastic membrane of an ion-selective electrode, the lipophilic salt should be sufficient to 
obtain reasonable ionic exchange at the gel layer-test solution interface, which is responsible for the 
membrane potential. Also, an increase in the amount of plasticizer improves to a large extent the 
adhesive properties of the membrane but, on the other hand, leads to the deterioration of the 
membrane depending on the properties of both the ion-pair and the matrix.21, 22 In this work, the 
ratio of the plasticizer (DPB) to polymer was kept constant at 1:1, while the amount of the ion-pair 
was varied. 

Several membrane compositions were investigated in which the content of the ion-pair 
ranged from 5.0 to 15.0% of Bus-TBP, and the electrode was repeatedly prepared four times. The 
preparation process was highly reproducible, as revealed from the low relative standard deviation 
(RSD) values of the slopes obtained employing the prepared membranes (the mean RSD was about 
0.21%). Generally the high content of an ion-pair in the electrode membrane leads to a good 
exclusion of a co-ion, while that leads to worse in the lower detection limit of the electrode due to 
dissolution of the ion-pair into the sample solution.   

The best performance was obtained using composition 10.0% Bus-TPB, 45.0% PVC and 
45.0% DBP, resulting in a slope of 58.4 mV per concentration decade after minimum pre-soak time 
1/2 h. The usable concentration range was 6.3x10-5 – 1.0x10-2 mol l-1. The above optimum 
composition was used to prepare membrane electrode for all further investigations.  

 
Effect of soaking 

Freshly prepared electrode (conventional) can be used after presoaking the electrode in 10-3 
mol l-1 BusCl, the slopes of the calibration graphs obtained using the pre-conditioned electrode 
decreased gradually starting from 58.4 mV per concentration decade reaching about 48.3 mV per 
concentration decade after six days due to continuous soaking of the electrode which affects 
negatively its response to the buspironium cation, leading to leaching of the active ingredients [ion-
pair and solvent mediator] to the bathing solution.23 On the other hand, the unused membrane 
electrode which has been kept dry in a closed vessel and stored in a refrigerator showed nearly 
Nernstian constant slope value and the same response properties extending to about 45 days. 

For buspirone coated wire electrodes, it has been found that the electrodes keep their full 
performance on refreshing them by forming a very thin layer through soaking the bared terminal of 
the electrodes in the solution mixture containing the Bus-TPB ion-pair, PVC and DBP for a few 
seconds. The electrode response decreases gradually (though very little) from day to day. FIG. 2 
shows representative curves for the effect of time on the response of graphite coated electrode. The 
electrodes were kept in refrigerator after each use. The usable concentration range was in the range 
4.7 x 10-5-10-2 mol l-1 for all of them and the slopes were 60.8, 59.7 and 61.4 mV per concentration 
decade, respectively. Also the electrodes do not need pre-conditioning before each use. The 
detection limits for the coated wire electrodes are influenced by the nature of the bed (wire), it 
decreases with increasing the chemical affinity of the electroactive ingredient towards the bed 
matrix, and is also influenced to some extent by its resistivity, the resistivites were 1375, 1.71 and 
1.62 resistivity/µΩ cm-1 for graphite, copper and silver, respectively and their detection limits were 
7.0x10-6, 4.9x10-6 and 1.0x10-6, respectively. The differences between the detection limits of the 
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electrodes with the graphite bed and the other metallic wires may be explained by their difference in 
resistivity from that of graphite. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 2. - Calibration curves obtained at 25oC for Bus-TPB coated graphite electrode after 1h 
(a), 7h (b), 24h (c), 3 (d), 6 (e), 10 (f), 15 (g), 19 (h), 22 (i), and 23 days (j). All graphs start at pBus 
= 6. 

 
 
This is true as the electrode potential performance is attributed to the electron exchange 

mechanism at the coating bed interface and the ion-exchange process at the coating-solution 
interface.  
 
Effect of temperature of the test solution 

To study the thermal stability of the electrode, calibration graphs (cell potential, Ecell versus 
pBus) were constructed at different test solution temperatures covering the range 25-60°C. The 
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isothermal temperature coefficient (dE◦/dt) of the electrode was calculated with the help of these 
graphs24 and found to be 0.00056 VC-1.  
This value indicate a fairly high thermal stability of the electrode within the investigated 
temperature range and the investigated electrode was found to be usable at temperatures up to 60°C 
without any deviation from the expected theoretical Nernstian behaviour. 

 
Optimization of FIA response 

The flow injection measurements were carried out in a two-line configuration as shown in 
FIG. 1. The dispersion coefficient was found to be 1.46, i.e., limited dispersion coefficient that aids 
optimum sensitivity.25 The fast response of the electrode could be obtained by adjustment of the 
diffusion layer to minimum thickness and this can be achieved by optimizing the distance between 
the nozzle (a perspex cup with axially positioned inlet polypropeylene tubing which is mounted at 
the end of the membrane electrode) and the sensing surface of the electrode, the optimum thickness 
was 5 mm.26, 27 

 
Optimization of operational conditions 
Optimization of flow rate and sample volume 

Several flow rates (4.15-27.00 ml min-1) were checked. A flow rate of 9.7 ml min-1 was 
adopted, providing about 99% of the maximum peak height obtained by higher flow rates, with 
shorter time to reach the baseline and less consumption of the carrier. The sample volume was 
optimized at flow rate of 9.7 ml min-1 by injecting volumes between (5-340 µl) of 10-3 M buspirone. 
All measurements were carried out using 50 ml flow. The cell contained the ISE with flow cup, 
reference electrode (SCE), and the outlet tube was placed where the level of the solution was kept 1 
cm above the electrode surface. 

 

 
 

FIGURE 3. - The FIA recordings (a) and its corresponding calibration graph (b) obtained for Bus-
TPB electrode under optimum FIA conditions.  
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A sample loop of size 75 µl was chosen as a compromise between reagent consumption and 
signal size and used throughout this work. The time necessary to achieve 95% of the steady state 
response was 10-15 seconds. FIG. 3 shows typical recordings obtained from Bus-TPB electrode 
under optimum FIA 
 
Effect of pH 

The effect of pH of the test solution on the electrode potentials was studied in batch and FIA 
measurements as previously described.18 It was found that the electrode does not respond to pH 
changes in the range 2.5-7.0 in batch and 2.5-6.0 in FIA conditions. FIG. 4 shows that at pH less 
than 2.5, the electrode potential decreases, which may be due to penetration of chloride ions into the 
membrane network at the test solution-membrane interface and at pH higher than the working 
range, the gradual decrease in potential observed for the electrode may be due to deprotonation of 
BusCl. Protonation constant of buspirone has been determined by pH-titration of 0.01 M of its 
hydrochloride solutions with standard 0.1 M NaOH solution. Titration curve of S-shape was 
obtained, the mean pKa values obtained was 6.4, indicating that the decrease in pH outside the 
above the working range is due to the formation of the free base.  

 
Electrode response in FIA 

The slope of the calibration plots in FIA was high compared with batch measurements, 
where potential is measured under conditions very close to the equilibrium at the membrane-
solution interface.28 The slope of the calibration graph was 79.8 mV per concentration decade for 
Bus electrode. The usable concentration range of the electrode in FIA is 1.8 x 10-4 – 1.0x10-2 mol l-1 

which is slightly lower than that in batch mode, mainly owing to the difference in the dispersion 
coefficients in the two techniques. 

 
 
FIGURE 4. – Effect of pH of the test solution of concentrations 10-4 (a), 10-3 (b) and 10-2 M (c) 
Bus-Cl on the potential response of Bus-TPB electrode. 
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Selectivity of the electrode 
The selectivity of the ion-pair associates based membrane electrode depends on the 

selectivity of the ion-exchange process at the membrane–test solution interface and the mobilities of 
the respective ions within the membrane.29 The influence of some inorganic cations, sugars and 
amino acids on the Bus-electrode was investigated. Under FIA conditions, the values of selectivity 
coefficients were calculated based on the potential values measured at the top of the peaks for the 
same concentrations of the drug and the interferent, whereas under batch conditions the separate 
solution method 30 was applied and a high concentration of the interferent ion was applied (10-2 mol 
l-1) to ensure that there is no interference if lower concentrations than this are present. In this work, 
the mixed solution method was used for the determination of the degree of tolerance towards sugars 
and amino acids. Tolerance is a ratio of sugars or amino acids to that of buspirone hydrochloride.         

The selectivity coefficient K pot
JBus Z +, of the electrode, Table 1, reflects very high selectivity of 

the investigated electrode for buspironium cation.  
 
 

TABLE 1. - Selectivity coefficients K pot
JBus Z +, and tolerance values of the Bus-TPB 

responsive electrode 
 

Batch              
Interferent SSM* Tolerance 

(Folds) 

FIA 

NH4
+ 3.2x10-3 ----------- 1.1x10-3 

Li+ 8.6x10-6 ----------- 9.4x10-6 
Na+ 5.1x10-3 ----------- 2.0x10-3 
Mg2+ 1.7x10-4 ----------- 1.4x10-4 
Ni2+ 1.4x10-3 ----------- 1.4x10-4 
Zn2+ 1.0x10-4 ----------- 1.8x10-4 
Cu2+ 1.2x10-4 ----------- 1.6x10-4 
Mn2+ 1.7x10-4 ----------- 3.1x10-4 
Ba2+ 1.9x10-4 ----------- 7.6x10-4 
Pb2+ 2.0x10-4 ----------- 5.1x10-4 
Sr2+ 1.2x10-4 ----------- 1.3x10-4 
Co2+ 2.2x10-4 ----------- 1.3x10-4 
Al3+ 4.4x10-6 ----------- 3.4x10-6 
Glucose ------------ 610 ---------- 
Fractose ------------ 596 ---------- 
Maltose ------------ 622 ---------- 
Lactose ------------ 524 ---------- 
Ascorbic 
acid 

------------ 229 ---------- 

Vitamine 
B1 

------------ 155 ---------- 

Leucine ------------ 279 ---------- 
Alanine ------------ 137 ---------- 
Glycine ----------- 708 ---------- 

 
*SSM: separate solution method. 
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The competition between the interfering ions and the drug to be analyzed depends mainly on 
how much fitting is present between the location of the lipophilic sites on the two competing 
species on the bathing solution side and those present in the membrane matrix i.e. based on the 
sterospecificity and electrostatic environment.19 The inorganic cations do not interfere because of 
differences in ionic size, mobility and permeability. Also, the smaller the energy of hydration of the 
cation, the greater is the response of the membrane.  

The high selectivity is mainly attributed to the differences in polarity and lipophilic nature of 
the molecules relative to buspirone hydrochloride. For organic species, the ratio of the 
concentration of the amino acids or sugars to that of the drug imparting 2 mV drift in the potential 
value of the electrode was ranged from 137 to 708 folds, which did not affect significantly the 
potential reading, this indicates that the presence of these species is tolerated to a very high extent. 
Regarding the selectivity coefficients obtained for the investigated electrode under both batch and 
FIA conditions, table 1, it is clear that in most cases, the electrode was selective in both FIA and 
batch. 
 
Analytical applications 

BusCl was determined potentiometrically using the investigated electrodes under batch 
conditions and coated wires by standard additions method.31 In which small portions of standard 
0.01 M of BusCl were added to 50 ml of water containing 10-100 mg of pure compound or its 
equivalent from pharmaceutical preparation. The change in millivolt readings was recorded after 
each addition and used to calculate the concentration of the BusCl sample solution. For sampling of 
tablets (Buspar, 10 mg per tablet), 20 tablets were ground together and appropriate weights of drug 
containing tablet were dissolved in the equivalent volume of 0.01 M HCl and diluted to 50 ml with 
bidistilled water.  

In batch technique using conventional electrode, the mean recoveries of the amounts taken 
(10-100 mg) ranged from 98.0 to 100.4% with RSD = 0.17-0.53%. While for coated wires 
electrodes, the mean recoveries of the amounts taken (10-100 mg) ranged from 96.2 to 99.6% with 
RSD = 0.21-1.75% for graphite-pencil rod, from 96.9 to 100.6% with RSD = 0.5-2.2% for copper 
coated wire and from 97.7 to 100.6% with RSD = 0.83-1.95% for silver coated wire. 

 The results of the determination of buspirone in its pure state or pharmaceutical preparation 
by conductimetric method showed good recovery of the amounts taken (10-100 mg) ranging from 
99.1 to 100.6% with low RSDs = 0.09 to 1.20%.  

Under FIA conditions, a series of solutions of different concentrations was prepared from 
the tablets and the peak heights were measured at the selected flow rate (9.7 ml min-1), then 
compared with those obtained from injecting standard solutions of the same concentration prepared 
from pure buspirone hydrochloride. The mean recoveries for the amounts taken (10-100 mg) ranged 
from 99.2 to 100.2% with RSDs of 0.09 to 1.25%. The performance of these methods were assessed 
by calculation F- and t- tests.32 The values obtained show that the present methods are of 
comparable precision to each other and there is no significant difference between the mean values 
obtained by the present three methods. 

   
 

CONCLUSIONS 
 

The investigated electrode was shown to be useful as a potentiometric sensor for the 
determination of BusCl in pure solution and its pharmaceutical preparation, buspar determination of 
the drug in batch (using the standard additions method) and in FIA conditions and those obtained 
from the conductimetric titrations were compared with the results obtained from the alternative 
method (potentiometric titration of 0.01 M BusCl with standard 0.1 M NaOH) and by applying F- 
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and t- tests. The values obtained show that the presented methods are not only as accurate and 
precise as the alternative method but they are also simple, rapid, highly sensitive, selective and 
inexpensive techniques. In addition the standard additions method and conductimetric titrations take 
about 20 min in each run. Thus FIA is mostly recommended for determination of buspirone and its 
pharmaceutical preparation. 

 
Received May 9th, 2006 
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