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ABSTRACT 
The new ferrous-selective modified carbon paste electrodes (I and II) based on 5,5’-(propane-1,3-diyl-bis(sulfa- 
nediyl))bis(3-benzyl-4H-1,2,4-triazol-4-amine) (electrode I, A-ionophore) and 5,5’-(butane-1,4-diyl-bis(sulfane- 
diyl))bis(3-benzyl-4H-1,2,4-triazol-4-amine) (electrode II, B-ionophore) as ionophores are described. These elec- 
trodes exhibit Nernstian slopes of 30.2 ± 0.5 and 29.1 ± 0.5 mV∙decade−1, linear range of 1.0 × 10−7 - 1.0 × 10−2 
mol∙L−1 Fe(II) ion and detection limit of 1.0 × 10−7 mol∙L−1 Fe(II) ion for electrode (I) and electrode (II), respect- 
ively. Both electrodes (I and II) have a fast response time of about 15 sand can be used for at least 3 months. The 
two electrodes revealed a good selectivity for Fe(II) over a wide variety of other metal ions and could be used in 
the pH range of 1.8 - 3.0 without any divergence in potential. The proposed sensors were successfully applied for 
the determination of Fe(II) ion in different real samples. 
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1. Introduction 
Iron is an important element in environmental, industrial 
and medical applications and in biological studies [1]. It 
presents in a variety of rock and soil minerals in oxida- 
tion states 2 and 3 [2]. However, Fe(II) and Fe(III) play 
different major roles in the biosphere. It is widely ac- 
cepted that the presence of iron, alone or in combination, 
has beneficial or deleterious effects on the properties of 
many substances and the nature of various biological 
systems. It plays an important role in oxygen and elec- 
tron transport; provides a fundamental structure of he- 
moglobin, myoglobin, hemenzymes and many co-factors 
involved in enzyme activities [3]. In the industrialized 
world, the iron is the first metal in its usage, and its 
compounds can justifiably be said to touch our daily 
lives. 

For the human body and other high animals, Fe(II) is 
not only a key element in energy metabolism, but also 
crucially important in the transport and storage oxygen in 
higher animals while Fe(III) was not binding to oxygen 
[4]. Iron element is crucially important to human health. 
However, iron deficiency anemia is one of the world’s 
most common nutritional deficiency diseases [5]. Ferrous 
iron in food and pharmaceuticals could be directly assi- 
milated, while ferric iron must be done after being re- 
duced to ferrous [6]. The importance of Fe(II) in food 
and pharmaceuticals has sustained an intense interest in 
the development of selective method determination for 
Fe(II). Although there are a number of papers that deal 
with the total iron in the real samples, only a few have 
reported the concentration of Fe(II). Recently, analytical 
techniques developed and described Fe(II) determina- 
tions including electron spin resonance method (the me- 
thod is very expensive and inconvenient in operation) [7], *Corresponding author. 
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UV-vis spectrometry [8,9], controlled-potential coulo- 
metry [10], high-performance liquid chromatographic 
method [11] and luminescence analysis [12], capillary 
electrophoresis [13], fluorometric analysis method [14, 
15]. Though these methods provide accurate results, but 
they are not very convenient for the analysis of a large 
number of environmental samples as they require sample 
pretreatment and sufficient infrastructure back-up. On the 
other hand, analytical procedures involving ion sensors 
are most appropriate for such determinations as they re- 
quire no or minimum sample pretreatment and are fast, 
convenient and cheap. Of course analysis by ion sensor 
requires the availability of sensitive and selective iron 
sensor. However, these methods require large infrastruc- 
ture and are too expensive for most analytical laborato- 
ries. Thus, much attention has been drawn on developing 
a convenient method to determine Fe(II) ion. 

Electrochemical technique has proven to be a very 
useful and versatile tool in metal ion speciation, since it 
makes it possible to distinguish between free and bound 
ions, as well as their oxidation states [16]. In addition, 
the sensitivity of the techniques is a very useful feature, 
because the concentration range to detect the chemical 
species varies between 1 and up to 1 × 10−10 mol∙L−1 and 
even lower concentration, for some inorganic, metal- 
organic, and organic species [17]. Carbon paste elec- 
trodes (CPEs) in combination with the suitable electro- 
chemical technique have been shown to be widely appli- 
cable in studying heavy metals [18]. The advantages of 
using CPEs include the fact that they are inexpensive, 
easy to prepare, they offer a wide potential window and a 
low background current and in addition, it is easy to 
modify the electrode with different organic, inorganic, 
and biological products with the aim of increasing their 
sensitivity and selectivity in order to determine heavy 
metals [19,20]. In the present work, ferrous carbon paste 
ion selective electrodes are constructed and their perfor- 
mance characteristics are investigated. The electrodes are 
based on incorporation of the A and B ionophores in a 
carbon paste plasticized with different plasticizers. The 
electrodes are used successfully as sensors to determine 
iron in different pharmaceutical samples (ferro sanol du- 
odenal, folicron and ferrofol). 

2. Experimental 
2.1. Apparatus 
All measurements were carried out at room temperature 
25˚C ± 1˚C using a 692-pH meter (Metrohm). A techne 
circulator thermostat Model C-100 (Cambridge, England) 
was used to control the temperature of the test solution. 
The potential was measured under constant stirring of the 
test solution with respect to a double-junction silver- 
silver chloride reference electrode (Metrohm 6.0726.100) 

and iron modified carbon paste as the indicator electrode. 

2.2. Reagents 
Analytical reagent grade chemicals and doubly distilled 
water were used for preparing all aqueous solutions. So- 
lutions were prepared from a stock solution of 0.01 
mol∙L−1 Fe(II), prepared from a sufficient quantity of 
ferrous sulphate (Merck) in bi-distilled water. The work- 
ing solutions were prepared daily by suitable dilution of 
stock solution. All other solutions used in interference 
studies were prepared from analytical grade nitrate salts 
(all from Merck Company). Graphite fine powder extra 
pure, dioctyl phthalate (DOP), dioctyl sebacate (DOS), 
tricresyl phosphate (TCP), o-nitrophenyloctyl ether (o- 
NPOE) were used as received from Aldrich. 

2.3. Preparation of Ionophores 
5,5’-(propane-1,3-diylbis(sulfanediyl))bis(3-benzyl-4H-1, 
2,4-triazol-4-amine) and 5,5’-(butane-1,4-diylbis(sulfa- 
nediyl))bis(3-benzyl-4H-1,2,4-triazol-4-amine) were pre- 
pared according to the method of Elwahy et al. [21,22]. 

2.4. The Electrode Preparation 
The chemically modified carbon paste Fe(II) electrodes 
were prepared as described previously [23]. Teflon hold- 
er (12 cm length) with a hole at one end (7 mm diameter 
and 3.5 mm deep) for the carbon paste filling was served 
as the electrode body. Electrical contact was made with a 
stainless steel rod through the center of the holder. This 
rod can move up and down by screw movement to press 
the paste down when renewal of the electrode surface is 
needed. Carbon paste was prepared by thoroughly mix- 
ing 20 mg of 5,5’-(butane-1,4-diylbis(sulfanediyl))bis(3- 
benzyl-4H-1,2,4-triazol-4-amine) (ionophore A) or 5,5’- 
(propane-1,3-diylbis(sulfanediyl))bis(3-benzyl-4H-1,2,4- 
triazol-4-amine) ((ionophore B) with graphite powder 
(500 mg) and different plasticizers (0.2 ml of DOP, TCP, 
DOS or o-NPOE). Very intimate homogenization is then 
achieved by careful mixing using agate pestle and mortar 
and afterwards rubbed by intensive pressing with the 
pestle. The ready prepared paste is then packed into the 
hole of the electrode bodies and the carbon paste was 
smoothed onto a wet filter paper until it had a shiny ap- 
pearance. After several times of use, a fresh electrodes 
surface can be obtained by squeezing out a small amount 
of the paste, scrapping off the excess against a conven- 
tional paper and polishing the electrode on a smooth pa- 
per to obtain a shiny appearance again.  

2.5. Potential Measurements 
All measurements were carried out in a 50 ml double 
walled glass cell, with constant magnetic stirring of the 
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test solution at room temperature. The performance of 
the electrodes was investigated by measuring the emf of 
ferrous sulphate solutions prepared with a concentration 
range of 10−2 to 10−7 mol∙L−1 by serial dilution. The emf 
was plotted as a function of ( )log Fe II‏   . The detection 
limit was taken at the point of intersection of the extra- 
polated linear segments of the calibration curve. The se- 
lectivity coefficients ( )pot

Fe,JK  were measured using the 
separate solutionand matched potential methods using 
0.01 mol∙L−1 Fe(II) and interfering ions. The pH of Fe(II) 
solution was adjusted by adding an appropriate amount 
of 1 mol∙L−1 of either nitric acid or NaOH. 

3. Results and Discussion 
3.1. Optimization of the Carbon Paste Electrode 

Composition 
Preliminary experiments were carried out to obtain opti- 
mum ionophore content (A or B ionophores) in order to 
get the optimum carbon paste electrodes composition. 
The potential responses of the most sensitive electrodes, 
prepared under the same experimental conditions, are 
shown in Figures 1(a) and (b). The optimized carbon 
paste electrodes were used to test the performance of  
 

 
(a) 

 
(b) 

Figure 1. Calibration graphs of some inorganic cations us- 
ing (a) Electrode (I); (b) Electrode (II). 

both carbon paste characteristics. In the presence of the 
proposed modified electrodes, the optimized carbon paste 
demonstrated a Nernstian response and remarkable selec- 
tivity for ferrous ion over several common inorganic ions. 
Thus, these electrodes compositions were used for sub- 
sequent studies. The potential response of the optimized 
Fe(II) ions was examined. The average slope of the cali- 
bration plot was 30.2 ± 0.5 and 29.1 ± 0.5 mV∙decade−1 
for electrodes I and II, respectively. The calibration plots 
are shown in Figures 2(a) and (b), which indicate that 
the modified sensors have linear range from 1 × 10−7 to 1 
× 10−2 mol∙L−1 for both electrodes. The practical limit of 
detection, defined as the concentration of ferrous ion ob- 
tained from the intersection of two extrapolated segments 
of the calibration graph, was about 1.0 × 10−7 mol∙L−1 for 
electrodes I and II. The characteristic properties of the 
optimized paste are summarized in Table 1. The long 
term stability of the electrodes was studies by periodically 
recalibrating in standard solutions and calculating the  
 

 
(a) 

 
(b) 

Figure 2. Potentiometric calibration response of Fe(II) elec- 
trodes: (a) Electrode (I); (b) Electrode (II).  
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Table 1. Composition and response characteristics of Fe(II) carbon paste electrodes (I and II). 

Elect. no. 
Composition, mg 

Conc. range  
(mol∙L−1) 

Slope (mV∙decade−1) 
A-ionophore 
(electrode I) 

Slope (mV∙decade−1) 
B-ionophore (electrode II) 

Response  
time, s Ionophore 

Content (mg) 
Plasticizer  
(100 µl) 

Graphite  
powder (mg) 

1 2.5 NPOE 250 10−7 - 10−2 16 23.7 <15 

2 5 NPOE 250 10−7 - 10−2 18 24.8 <15 

3 7.5 NPOE 250 10−7 - 10−2 26.5 25.6 <15 

4 10 NPOE 250 10−7 - 10−2 30.2 29.1 <15 

5 12.5 NPOE 250 10−7 - 10−2 20.5 24 <15 

6 10 DOP 250 10−7 - 10−2 22.3 27.5 <15 

7 10 DOS 250 10−7 - 10−2 27 23 <15 

8 10 TCP 250 10−7 - 10−2 25.2 23 <15 

 
response slope over the range of 10−7 - 10−2 mol∙L−1. The 
detection electrodes were very stable and could be used 
over a period of at least 3 months (Figure 3).  

3.2. Effect of pH 
The potentiometric response of the electrodes was found 
to be sensitive to pH changes. The effect of pH on the 
electrodes performance was examined over the pH range 
of 1 - 5 at 1 × 10−2 and 1 × 10−5 mol∙L−1 concentration of 
Fe(II) and the results are shown in Figures 4(a) and (b). 
As can seen, the potentials are independent of pH in the 
range of 1.8 - 3 where the potential did not vary by more 
than ±1 mV. The significant effect of pH on the electrode 
potential at pH < 1.8 and pH > 3 is attributed to a slow 
rate of complex formation between iron(II) and iono- 
phores (A) or (B) and the sensors may also be exhibiting 
an interference effect due to hydrogen ions at low pH. 
Whilst at pH values higher than 3, this can be attributed 
to the instability of both ionophores (A and B) [24]. 

3.3. Electrode Selectivity 
One of the most important characteristic of a carbon 
paste electrode was its response to the target ion to be 
measured over other ions and species present in the solu- 
tion. This characteristic was expressed in terms of the 
potentiometric-selectivity coefficient. In this study, po- 
tentiometric-selectivity coefficients for somecations test- 
ed were determined by separate solution method (SSM) 
[25]. It is calculated as: 

( ) [ ]pot
A,B B A A A B Blog log  logK E E S a Z Z a= − − +    

EA and EB mean the potentiometric response of aA and 
aB, respectively. aA is the primary ion activity and aB is 
the activity of an interfering ion. The single ion activities 
were calculated by the extended Debye-Hückel equation 
[26]. In this work, aA (1.0 × 10−3 mol∙L−1 Fe(II) ion) and 
aB (1.0 × 10−3 mol∙L−1 interfering ion) were used to 
measure the selectivity coefficients. S, Nernstian slope,  

 
(a) 

 
(b) 

Figure 3. Life time of the Fe (II)-electrodes: (a) Electrode (I); 
(b) Electrode (II). 

 
ZA and ZB are the charge of the primary and interfering 
ions, respectively. Also, matched potential method 
(MPM) was used to measure the selectivity coefficient.  
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(a) 

 
(b) 

Figure 4. Effect of pH on the potentiometric response of Fe 
(II)-electrodes: (a) Electrode (I); (b) Electrode (II). 

 
According to this method, the activity of Fe(II) was in- 
creased from aA = 1.0 × 10−5 mol∙L−1 (reference solution) 
to Aa′  = 1.0 × 10−3 mol∙L−1, and the change in potential 
(ΔE) corresponding to this increase in activity is meas- 
ured. Then, 0.1 mol∙L−1 solution of an interfering ion is 
added to a new 1.0 × 10−5 mol∙L−1 Fe(II) reference solu- 
tion until the same potential change (ΔE) is recorded, the 
concentration of the added amount is thus aB. The selec- 
tivity coefficient MPM

A,BK  for each interferent was calcu- 
lated using the following equation: 

( )pot
A,B A A BK a a a′= −  

Possible interferences from a number of cations were 
studied and the results are shown in Table 2. It is ob- 
vious from Table 2 that most of the selectivity coeffi- 
cients are very low, indicating no significant interference 
in the performance of the electrodes for determining the 
Fe(II) ion except for ferric ions for both ferrous elec- 
trodes (I and II) modified with ionophores (A and B). In 
addition, a comparative study of the response character- 
istics of the proposed electrodes with the reported Fe(II) 
ion selective electrodes based on other carriers is shown  

Table 2. Potentiometric selectivity coefficient values of Fe(II) 
modified carbon paste electrodes (I and II). 

Interfering 
Species 

( )
pot
Fe II ,Blog K  

Electrode (I) Electrode (II) 

SSM MPM SSM MPM 

Na+ −6.47 −6.69 −6.05 −6.55 

K+ −2.08 −2.28 −4.22 −4.45 

Cd2+ −3.54 −3.96 −3.15 −3.55 

Ni2+ −2.98 −3.17 −4.89 −5.004 

Co2+ −3.34 −3.53 −3.34 −3.64 

Hg2+ −6.49 −6.79 −6.59 −6.71 

Mn2+ −3.95 −4.03 −3.57 −3.93 

Cu2+ −5.02 −5.41 −6.85 −7.05 

Fe3+ −1.01 −1.07 −1.04 −1.09 

 
in Table 3. The results indicate that the proposed elec- 
trodes are superior to those reported for Fe(II) ion selec- 
tive electrodes with regard to the linear range, detection 
limit, slope and selectivity over a number of cations.  

3.4. Effect of Temperature 
Trend of changes of electrode performance with temper- 
ature, at test solution temperatures of 10˚C, 20˚C, 25˚C, 
30˚C, 40˚C, 50˚C and 60˚C for Fe(II)-selective electrodes 
were studied. The electrodes exhibit good Nernstian be- 
haviour in the temperature range. The standard cell po- 
tentials ( )o

cellE , were determined at different tempera- 
tures from the respective calibration plots as the inter- 
cepts of these plots at p[Fe] = 0, and were used to deter- 
mine the thermal temperature coefficient (dEº/dt) of the 
cell with the aid of the following equation [27],  

( ) ( ) ( )o o o
cell cell cell

25 C d d 25E E E t t = + − 
  

Plot of o
cellE  versus ( )25t −  produced a straight line 

of slope equals to 0.000616 and 0.000182 V/˚C for elec- 
trode I and II, respectively. These values are the thermal 
temperature coefficient of electrodes I and II, respective- 
ly. The small values of (dEº/dt)cell reveal the high thermal 
stability of the electrodes within the investigated temper- 
ature range. 

3.5. Effect of Plasticizer 
It is well established that the polarity and chemical 
structure of the electrode plasticizer can have a signifi- 
cant influence on the selectivity and dynamic response 
range of ISEs [28]. The properties of plasticizer can af- 
fect the dielectric constant of the mobility of the iono- 
phores. Thus, different plasticizers (DOP, DOS, o-NPOE 
and TCP) were used in the construction of Fe(II) ion se- 
lective electrodes to figure out the plasticizer with the best   
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Table 3. Comparative studies of Fe(II) selective electrode based on 1,3-bis(4-amino-5-benzyl-trizolel-3-thiol-3-yl) propane 
ionophore and the previously described ionophores. 

Ionophore Slope mV/decade pH range Lifetime Detection limit 
(mol∙L−1) 

Linear range 
(mol∙L−1) Ref. no. 

N-phenylaza-15-crown-5 (NPA15C5) 29.2 5 - 7 2 months 7.5 × 10−7 1.0 × 10−2 - 1.0 × 10−6 [30] 

2,4,6-tri(2-pyridyl)-1,3,5-triazine 

31.9 ± 0.2 
30.5 ± 0.1 
32.1 ± 0.5 
32.7 ± 0.1 

3.1 - 7.2 
2.5 - 7.0 
2.6 - 7.1 
2.2 - 7 

3 months 5.5 × 10−7 - 10−2 5 × 10−7 - 10−2 [3] 

1,8-dihydroxyanthaqinone 29.6 1.8 - 3 3 months 1.64 × 10−7 10−7 - 10−2 This work 

 
response. The carbon paste electrodes with o-NPOE as a 
solvent mediator produced the best response, as shown in 
Figures 5(a) and (b). The results, given in Table 1, indi- 
cate that sensors no. 4 (electrode I and II), composed of 
100 mg o-NPOE, 250 mg graphite and 10 mg ionophores 
(A or B), give the best sensitivity, with Nernstian slopes 
of 30.2 ± 0.5 and 29.1 ± 0.5 mV∙decade−1 and detection 
limit of 1 × 10−7 mol∙L−1 for electrodes I and II, respec- 
tively, over a relatively wide dynamic range from 1.0 × 
10−7 to 1.0 × 10−2 mol∙L−1 of Fe(II) ions. Therefore, this 
composition was used to study various operation para- 
meters of the electrodes. The electrochemical perfor- 
mance characteristics of these electrodes were systemat- 
ically evaluated according to the IUPAC recommenda- 
tions [29]. 

4. Analytical Applications 
Determination of Fe(II) in Pharmaceutical 
Preparations 
In order to test the analytical validity of this approach, 
the electrodes have been used for the determination of 
Fe(II) ion in pharmaceutical samples (ferro sanol duo-
denal, folicron and ferrofol). Pharmaceutical samples 
were prepared by dissolving one tablet of the drug in 10 
mL HCl and heated to dryness. After that, the sample 
was dissolved in 10 mL distilled water, filtered and 
transferred to a 25 mL volumetric flask and this volume 
was completed with distilled water. The iron concentra- 
tion of the samples was potentiometrically determined 
with these electrodes by the calibration plot method. Iron 
was also determined by atomic absorption spectrometry. 
The results are shown in Table 4. Results from ISE and 
AAS were found in agreement. The low values of the 
standard deviation and relative standard deviation indi- 
cate the accuracy and precision of the electrodes. 

5. Method Validation 
5.1. Linearity and Range 
The calibration graphs obtained by plotting the potential 
values versus the final concentration were found to be 
rectilinear over the concentration range cited in Figure 1. 

 
(a) 

 
(b) 

Figure 5. Effect of plasticizer on potential response of Fe 
(II)-electrodes: (a) Electrode (I); (b) Electrode (II). 

 
5.2. Limit of Quantification and Limit of  

Detection 
The limit of quantification (LOQ) was determined by 
establishing the least concentration that can be measured 
according to ICH Q2(R1) recommendations, below which 
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the calibration range is non linear. It was found to be 
4.96 × 10−7 and 5.75 × 10−7 mol∙L−1 for electrodes I and 
II, respectively. The limit of detection (LOD) was deter- 
mined by evaluating the lowest concentration of the Fe(II) 
ion analyte that can be readily detected and was found to 
be 1 × 10−7 mol∙L−1 for electrodes I and II, respectively. 
The LOQ and LOD were calculated according to the fol- 
lowing equations (ICH 2005): 

LOQ 10 aS b=  

LOD 3.3 aS b=  

where ( )aS  is the standard deviation of the intercept of 
the regression line and (b) is the slope of the calibration 
curve. 

5.3. Specificity 

The specificity of the method was investigated by ob-  

serving any interference encountered from the common 
inorganic cations (Table 2). It was found that these ca- 
tions did not interfere with the results of the proposed 
method as shown in Table 2. 

5.4. Accuracy and Precision 
To prove the accuracy of the proposed method, the re- 
sults of the assay of the studied Fe(II) in different real 
samples were compared with the atomic absorption me- 
thod, the statistical analysis of the results using percent 
recovery and relative standard deviation values showed 
no significant differences between them regarding accu- 
racy and precision, Table 4 for electrodes (I and II), re- 
spectively. Intra- and inter-day precisions were assessed 
using three concentrations and four replicates of each 
concentration, the relative standard deviations were found 
to be very small indicating reasonable repeatability of the 
proposed method as shown in Table 5. 

 
Table 4. Potentiometric determination of ferrous ions in pharmaceutical formulation using CPEs (I and II) plasticized with 
o-NPOE (n = 3). 

Pharmaceutical drug [Fe(II)] Taken,  
mol∙L−1 

Fe(II), % Found Recovery % SD, (RSD (%)) 

Calibration AAS calibration AAS calibration ASS 

Usinf Electrode (I): 
Ferro sanol duodenal 

Ferrofol 
Folicron 

1 × 10−3 

 
0.988 × 10−3 
0.997 × 10−3 
0.987 × 10−3 

 
0.979 × 10−3 
0.989 × 10−3 
0.999 × 10−3 

 
98.80 
99.70 
98.70 

 
97.90 
98.90 
99.90 

 
2 × 10−5, (2.08) 

1.9 × 10−5, (2.03) 
2.1 × 10−5, (2.17) 

 
2.3 × 10−5, (2.35) 
2.2 × 10−5, (2.28) 
2.3 × 10−5, (2.36) 

Usinf electrode (II): 
Ferro sanol duodenal 

Ferrofol 
Folicron 

1 × 10−3 

 
0.989 × 10−3 
0.985 × 10−3 
0.996 × 10−3 

 
0.979 × 10−3 
0.987 × 10−3 
0.989 × 10−3 

 
98.90 
98.50 
99.60 

 
97.90 
98.70 
98.90 

 
1.9 × 10−5, (2.01) 
2.4 × 10−5, (2.5) 

2.02 × 10−5, (2.08) 

 
2.2 × 10−5, (2.4) 
2.5 × 10−5, (2.6) 
3.2 × 10−5, (3.37) 

 
Table 5. Inter- and Intra-days precision of the determination of Fe(II) ion in pure and pharmaceutical tablet using the mod- 
ified CPEs (I and II). 

 [Fe(II)] Taken,  
mg∙mL−1 

Inter day Intra day 

Found,  
mg∙mL−1 

Recovery  
% SD RSD  

% 
Found,  

mg∙mL−1 
Recovery  

% SD RSD  
% 

Electorde I: 
 

Pure 
 

 
0.15 
0.20 
0.30 

 
0.149 
0.197 
0.294 

 
99.30 
98.50 
98.00 

 
0.022 
0.054 
0.024 

 
1.13 
1.84 

0.615 

 
0.1499 
0.196 
0.301 

 
99.90 
98.00 

100.30 

 
0.026 
0.004 

0.0043 

 
0.96 
1.49 
1.63 

Ferro sanol  
duodenal 

0.15 
0.20 
0.30 

0.148 
0.195 
0.297 

98.6 
97.50 
99.00 

0.003 
0.005 
0.004 

2.09 
2.58 
1.38 

0.151 
0.199 
0.299 

100.6 
99.50 
99.60 

0.003 
0.0021 
0.006 

0.67 
1.07 
2.05 

Ferrofol 
0.15 
0.20 
0.30 

0.146 
0.194 
0.296 

97.30 
97.00 
98.60 

0.005 
0.004 
0.01 

3.33 
2.02 
5.10 

0.149 
0.198 
0.31 

99.30 
99.00 

100.30 

0.007 
0.005 
0.001 

3.53 
2.52 
0.50 

Folicron 
0.15 
0.20 
0.30 

0.147 
0.196 
0.295 

98.00 
98.00 
98.33 

0.007 
0.004 
0.012 

2.36 
1.35 
4.05 

0.149 
0.201 
0.299 

99.30 
100.50 
99.66 

0.006 
0.008 
0.005 

4.00 
5.35 
3.33 
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Continued 

Electrode II: 
 

Pure 
 

 
0.15 
0.20 
0.30 

 
0.146 
0.196 
0.298 

 
97.00 
98.00 
99.00 

 
0.012 
0.004 
0.005 

 
1.13 
2.04 

0.615 

 
0.1498 
0.198 
0.301 

 
99.80 
99.00 

100.30 

 
0.026 
0.005 

0.0042 

 
0.94 
1.48 
1.61 

Ferro sanol  
duodenal 

0.15 
0.20 
0.30 

0.147 
0.196 
0.298 

98.00 
97.00 
99.30 

0.004 
0.004 
0.005 

2.04 
2.73 
1.39 

0.150 
0.201 
0.299 

100.00 
100.50 
99.60 

0.002 
0.0031 
0.008 

0.68 
1.09 
2.15 

Ferrofol 
0.15 
0.20 
0.30 

0.148 
0.195 
0.294 

98.60 
97.50 
98.00 

0.002 
0.003 
0.009 

3.03 
2.12 
5.09 

0.149 
0.199 
0.31 

99.30 
99.50 

103.30 

0.01 
0.007 
0.003 

3.50 
2.51 
0.40 

Folicron 
0.15 
0.20 
0.30 

0.146 
0.197 
0.296 

97.30 
98.50 
98.63 

0.01 
0.004 
0.01 

2.26 
1.35 
4.03 

0.149 
0.201 
0.299 

99.30 
100.50 
99.66 

0.009 
0.006 
0.007 

4.00 
5.15 
3.23 

 
6. Conclusion 
Carbon paste electrodes were modified with 5,5’-(butane- 
1,4-diylbis(sulfanediyl))bis(3-benzyl-4H-1,2,4-triazol-4- 
amine) and 5,5’-(propane-1,3-diylbis(sulfanediyl))bis(3- 
benzyl-4H-1,2,4-triazol-4-amine) and applied to the po- 
tentiometric determination of ferrousion. The calibration 
curves were obtained, which were linear in the iron con- 
centration range of 10−7 - 10−2 mol∙L−1 with Nernst slopes 
of 30.2 and 29.1 mV∙decade−1 for electrodes I and II, 
respectively. The two electrodes could be used for more 
than three months. Before each experiment, the elec- 
trodes were polished on a soft paper to remove the pol- 
luted surfaces. Some pharmaceutical drugs were used as 
real samples and successfully determined using elec- 
trodes I and II. The application of the potentiometric me- 
thod using the modified electrodes in the real samples 
gives quite satisfactory results in comparison with the 
AAS method. The method was validated under optimum 
conditions. 
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