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Potentiometric sensor platform based on a carbon black modified ion-selective electrodes with a very 

stable potential signal is presented. The ion-selective electrodes were obtained basing on the addition 

of the Printex XE2-B carbon black as an intermediate layer between the ionophore-doped solvent 

polymeric membrane and the electrical conductor. The analytical parameters of new sensor platform 

were evaluated by the determining of sodium, potassium, chlorate and nitrate ions. The electrodes 

presented Nernstian slopes, a very good reproducibility of the standard potential values and a small 

potential drift. The proposed sensor platform was successfully applied in sodium, potassium, chlorate 

and nitrate ion determination in water samples and validated by comparison with different analytical 

methods.  
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1. INTRODUCTION 

An Ion-Selective Electrodes (ISEs) produce a potential that is related to the activity of an ions 

in the presence of others [1]. Thus, they can be used as analytical tools for direct measurement ion 

content in complex samples in clinical chemistry, neurophysiological laboratories [2] and in 

environmental analysis  [3].  

The use of ISEs offers several advantages over other analytical methods. Firstly, the ISEs are 

ability to sense activity of the free unbound ions [4] (not the total concentration, which may include 

any ions bound to complexing agents and any atoms in undissociated molecules). Secondly, the 

relatively cost of initial setup to make analysis potentiometric measurements are low and the expense 

is considerably less than other methods, such as Atomic Adsorption Spectrophotometry. The basic ISE 
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setup includes a high-input impedance voltmeters, two electrodes (selective for each analyte of interest 

and reference one), and various reagents used to adjust the ionic strength and pH if necessary. And 

thirdly, the simple and fast procedure is employed during potentiometric measurements and there are 

few matrix modifications needed to conduct these analyses. Additionally, in many instances 

potentiometric measurements can be made without interference from the chemical or physical 

properties of the sample (i.e. color, turbidity) [5]. 

Nowadays ISEs are faced with increasing demands such as simplicity in design or 

miniaturization. The last aspect is very important and several studies have been done to achieve a small 

sensor maintaining it’s the most important advantages such as their sensitivity, selectivity or potential 

stability. Huge step in simplification of ISEs was excluding of internal layer solution from theirs build. 

That gave chance to create small sensors, effective as their larger prototypes [6,7]. To improve 

analytical parameters, such as sensitivity, selectivity or long term potential stability of that kind of 

sensors many materials such as conducting polymers [8], carbon based materials [9-17] or ion 

nanoparticles [18, 19] have been studied as intermediate layers between ion selective membrane and 

electric conductor. 

In order to determinate amount of several ions in sample it has been necessary to perform a 

number of measurements using sensors selective for only one kind of ion. That resulted in extended 

time of measurements and in higher costs of total analysis. Condensation of few ISEs in one 

multisensor body gave researches chance to simultaneously measure potentiometric response of few 

sensors of the same type in smaller amount of sample in steady-state measurements [20-21] or in flow-

through [22-23].  

In our study we propose to use carbon black as an intermediate layer in potentiometric complex 

multielectrode system consisting of electrodes containing potassium, sodium, chloride and nitrate 

selective membrane (with built-in reference electrode). These modificated sensors have shown great 

improve in parameters in comparison with non-modified sensors especially in long term potential 

stability and absence of water layer between ISM and conductor thanks to hydrophobic character of 

carbon. This new multielectrode system make it possible to obtain information about concentration of 

more than one ion in analyzed sample, which greatly shortens the time and lower the costs of analysis.  

 

 

 

2. EXPERIMENTAL SECTION  

2.1 Reagent and materials  

Printex XE2-B carbon black CB-XE (BET surface area: 1000 m
2
/g, the average primary 

particle size: 30 nm, pH-value 7.8 [24]) consisting of the granules received from Evonik Degussa 

GmbH, Inorganic Materials, Frankfurt, Germany and used without any modifications. Potassium 

ionophore I (valinomycin), Sodium Ionophore IV, Nitrate ionophore V, Chloride ionophore III, 

potassium tetrakis(4-chlorophenyl)borate (KTpClPB), Tridodecylmethylammonium chloride 

(TDMACl), Bis(1-butylpentyl) adipate (BBPA), Tris(2-ethylhexyl) phosphate (TEHP), o-nitrophenyl 

octyl ether (o- NPOE), poly(vinyl chloride) (PVC) of high molecular weight, and tetrahydrofuran were 
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the selectophore reagents obtained from Fluka. All other chemicals were of analytical-reagent grade. 

Distilled and deionized water was used to prepare the aqueous solutions. 

 

2.2 Electrode Preparation 

The sensor platform consisting of the four Au rods placed in Translux D 180 epoxy resin body 

(Au area = 0.03 cm
2
) were first polished with 0.3 μm alumina powder, rinsed with water, and finally 

cleaned ultrasonically with water and methanol. 

In order to obtain the CB-XE-modified Au electrodes (Au/CB-XE), the drop casting method 

was used (Scheme 1). The mixture containing 5 mg of CB-XE dispersed in 1 mL of THF was 

sonicated for ≈1−1.5 h and then placed on the top of the Au electrodes. After that, Au/CB-XE 

electrodes were left to dry for 48 h. 

In the next step, solid contact layers (Au/CB-XE) were subsequently coated with 30 μL of a 

ISM mixture containing: 1% (w/w), valinomycin, 0.25% (w/w) KTpClPB, 65.75% (w/w) o-NPOE, 

and 33% (w/w) PVC in the case of K
+
-ISM; 2.9% (w/w) Sodium Ionophore IV, 0.4 (w/w) KTpClPB, 

65.6 % (w/w) (BBPA), 2.1 % (w/w) TEHP, 29 % (w/w) PVC in the case of Na
+
-ISM; 1.1  % (w/w) 

Nitrate ionophore V, 0.7  % (w/w) (TDMACl), 65  % (w/w)  o-NPOE, 33.2  % (w/w) PVC in the case 

of NO3
-
-ISM and 1.9 % (w/w) Chloride ionophore III, 1.1 % (w/w) TDMACl, 64 % (w/w) o-NPOE, 

33.0 % (w/w) PVC in the case of Cl
-
-ISM. 

All the membrane electrodes were left to dry for 48 h at room temperature. Afterward, the 

potassium, sodium, chloride and nitrate-selective electrodes were conditioned for 48 h in water 

solution of mix 10
-3

 M NaCl and 10
-3

 M KNO3. The conditioning step was also repeated before every 

measurement. Three identical sensor platform with ion-selective electrodes were prepared and 

examined. 

 

 

 

Scheme 1. A schematic illustration of the sensor platform and a carbon black modified electrodes 

preparation. 
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2.2 Instrumentation  

Potentiometric Measurements. The potentials were measured using a 16-channel mV-meter 

(Lawson Labs, Inc., Malvern, PA). The reference electrode was an Ag/AgCl electrode with 3 M KCl 

solution in a bridge cell.  

 

 

 

3. RESULTS AND DISCUSSION 

The response times of the potentiometric sensor platform electrodes for the progressive 

addition of different amounts of potassium, sodium, chloride and nitrate ions in the concentration 

range from 10
−7

 to 10
−1

 M are shown in Figure 1. Even at a low concentration, the response time was 

very short (4-6 s).  
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Figure 1. The potentiometric response of the studied electrodes vs. time determined in the (a) KCl and 

(b) KNO3 solutions. 
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Figure 2. The EMF dependence on (a) Na

+
 and Cl

-
 activities for Au/CB-XE/Na

+
-ISM and Au/CB-

XE/Cl
-
-ISM respectively and (b) K

+
 and NO3

-
 activities for Au/CB-XE/K

+
-ISM and Au/CB-

XE/NO3
-
-ISM respectively after 72 h of the conditioning in the solution of mix 10

-3
 M NaCl 

and 10
-3

 M KNO3. 
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The calibration curve slope values measured for the multi-electrode potentiometric sensor with 

CB-XE used as an intermediate layer are close to the Nernstian value. Figure 2 shows the exemplary 

EMF vs  recorded for the Au/CB-XE/Na
+
-ISM, Au/CB-XE/Cl

-
-ISM, Au/CB-

XE/K
+
-ISM and Au/CB-XE/NO3

-
-ISM electrodes. The plots were obtained by the recording of the 

EMF after storing the electrodes in the solution of mix 10
-3

 M NaCl and 10
-3

 M KNO3, respectively, 

for 48 h. The slopes calculated from the linear range of the calibration plots are listed in the Table 1. 

The detection limit calculated as the intersection of the two slope lines is 8·10
-7

, 9·10
-6

, 9·10
-7

 

and 3·10
-7

 M for the Au/CB-XE/K
+
-ISM, Au/CB-XE/Na

+
-ISM, Au/CB-XE/Cl

-
-ISM and Au/CB-

XE/NO3
-
-ISM electrodes, respectively (Table 1).  

The fabricated electrodes show a very stable response over time. Even after a long conditioning 

time in 0.01 M solution with the main ions (6−7 weeks), the electrodes still showed a linear response 

in the same range of the main ion activity. The potential drift of the Au/CB-XE/K
+
-ISM, Au/CB-

XE/Na
+
-ISM, Au/CB-XE/Cl

-
-ISM and Au/CB-XE/NO3

-
-ISM electrodes over 172 h was only 11.2±1.4, 

16.2±1.4, 19.1±1.6 and 8.1±1.0  µV/h.  

The comparison of the potentiometric parameters of the proposed potentiometric sensor 

platform (PSP) with commercial available system (Multiple Ion Probes, Aptisens [24]) and multi-

sensor flow cell (MSFC) [23] are presented in the Table 1. 

The potentiometric response of PSP electrodes recorded in the solution of mix NaCl and KNO3 

in the concentration range of main ion 10
-6

 - 10
-1

 M are presented in the Figure 3. 
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Figure 3. The EMF dependence on () K

+
, () Na

+
, () Cl

-
, () NO3

-
 activities for Au/CB-XE/Na

+
-

ISM and Au/CB-XE/Cl
-
-ISM,  Au/CB-XE/K

+
-ISM and Au/CB-XE/NO3

-
-ISM electrodes 

recorded in the solutions containing both NaCl and KNO3 in the range from 10
-6

 do 10
-1 

M. 
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Table 1. Comparison of the potentiometric parameters of the proposed potentiometric sensor platform 

(PSP) with commercial available system (Multiple Ion Probes, Aptisens [24]) and multi-sensor 

flow cell (MSFC) [23].  

 

Parameter Electrode type Potassium Sodium Chloride Nitrate 

S (mV/decade) PSP 59.21±0.09 57.10±0.15 -57.02±0.12 -59.08±0.08 

Aptisens 54±5 54±5 -54±5 -58±5 

 MSFC 48.7±0.6 - -46.5±0.8 -49.5±0.7 

Linear Range 

(ppm) 

PSP 0.078-3900 0.46-2299 0.107-3545 0.062-6200 

Aptisens 0.3-39000 2-2500 1.5-35000 0.6-60000 

 MSFC 0.391-391 - 0.71-7100 0.62-620 

Detection Limit 

(mol/l) 

PSP 8·10
-7

 9·10
-6

 9·10
-7

 3·10
-7

 

Aptisens - - - - 

 MSFC 1·10
-6

 - 1·10
-6

 1·10
-6

 

Response time 

(s) 

PSP 5 6 6 4 

Aptisens <20 <20 <20 <30 

 MSFC 3-5 - 3-5 3-5 

 

The potentiometric selectivity coefficients of all studied electrodes were obtained with the 

separate solution method according to the traditional procedure
 
[26] (n = 3) using chloride salts of 

different cations (in the case of potassium and sodium-selective electrodes) and sodium salts of 

different anions (for chloride and nitrate selective electrodes). The potentiometric selectivity 

coefficient values for the sodium potassium, chloride and nitrate electrodes are presented in Table 2. 

 

Table 2. Potentiometric selectivity coefficients of the proposed potentiometric sensor platform based 

on Au/CB-XE/Na
+
-ISM, Au/CB-XE/Cl

-
-ISM, Au/CB-XE/K

+
-ISM and Au/CB-XE/NO3

-
-ISM 

electrodes. 

 

 
  

 
  

X: CB-XE/K
+
-

ISM 

CB-XE/Na
+
-ISM Y: CB-XE/NO3

-
-ISM CB-XE/Cl

-
-ISM

 

Na
+
 -4.6±0.2 - Cl

-
 -3.4±0.2 - 

K
+
 - -3.1±0.1 NO3

- 
- -6.6±0.2 

Li
+
 -4.4±0.2 -3.2±0.1 HCO3

- 
- -4.7±0.2 

NH4
+ 

-2.1±0.3 -3.2±0.3 acetate
 

-4.1±0.2 -6.2±0.2 

Mg
2+

 -6.5±0.2 -4.4±0.2 NO2
-
 -1.9±0.1 - 

Ca
2+

 -5.7±0.2 -3.9±0.3 SO4
2- 

-4.8±0.1 -6.3±0.1 
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3.2. Sample analysis 

The potentiometric sensor platform (PSP) with ion-selective membranes was used for 

estimation of sodium, potassium, chloride and nitrate ion content in rain water, tap water, and Wisła 

River samples. In the potentiometric experimental work calibration curve method as a choice method 

was used. The results are shown in Table 3 and presented as the average value obtained with 3 

measurements. Tap water was collected in our laboratory. The ion concentrations in water were 

measured as soon as collected. As ionic strength adjuster the Mg(SO4)2 was used.  

The Mohr's method (MM) as a standard of chloride, the spectrophotometric method (SP) of 

nitrate and the flame photometry method (FPM) of potassium and sodium determination were the 

control methods for the determination of chloride, nitrate, potassium and sodium in water.  

The determined concentration of ions in the samples is presented in the Table 3. The obtained 

results are in good agreement. 

 

Table 3. Concentrations of potassium, sodium, chloride and nitrate obtained for samples: tap, well and 

river water. 

 

sample Concentration mg/l  

Potassium Sodium Chloride Nitrate 

PSP FPM PSP FPM PSP MM PSP SM 

tap 

water 

3.12±0.09 3.39±0.01 19.8±0.1 20.1±0.1 19.4±0.1 19.5±0.1 8.60±0.07 8.91±0.01 

river 

water 

4.55±0.22 6.69±0.12 17.4±0.2 18.2±0.2 9.40±0.15 10.1±0.1 66.4±0.4 76.6±0.02 

well 

water 

6.75±0.14 7.92±0.08 15.2±0.1 15.9±0.2 11.2±0.2 11.8±0.1 23.2 ±0.3 25.7±0.01 

 

 

 

4. CONCLUSION  

A simple potentiometric sensor platform is a universal tool for ion content determination in the 

aqueous samples. The application of different ion selective membranes on metallic conductors placed 

in the same body allowed to obtain information about activity of many ions at the same time. 

This new muli-sensor was prepared in course of a simple drop casting procedure and provided 

a good Nernstian response to potassium, sodium, chloride and nitrate. The obtained detection limits of 

8·10
-7

 M K
+
, 9·10

-6
 M Na

+
, 9·10

-7
 M Cl

-
, 3·10

-7
 M NO3

-
 are better than the values measured for the 

commercial available system. A very stable long-time potential and short response time were achieved 

by using a carbon black layer between electronic conductors and ion-selective membranes.  

The proposed potentiometric sensor platform was successfully applied for the determination of 

potassium, sodium, chloride and nitrate ions in different kind of water. 
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