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ABSTRACT 

The article reports about the development of a potentiometric sensor sensitive to ethonium. An ionic associate 

based on an organic cation of ethonium with 12-molybdophosphoric acid is determined to be used to synthes of 

potentiometric sensor polyvinyl chloride film membranes. The obtained ionic associate (Et)3(PMo12O40)2 meets the basic 

requirement for an electrode-active substance (poor solubility in water and good solubility in organic solvents). Phthalic 

acid derivatives (dibutyl phthalate and dioctyl phthalate) were used as solvent-plasticizers for the polyvinyl chloride 

membrane. The optimal composition of the membranes was established. The influence of various factors on its electrode 

characteristics was investigated with the developed potentiometric sensor. The optimal conditions for using the developed 

potentiometric sensor were found. The working pH range for the sensor is 4.0. The linearity interval of the electrode 

function is 1·10
–5–1·10

–2
 mol/l, the slope is 28.0 mV/pC, and the minimum detectable concentration is 10

–5
 mol/l. The 

sensor response time does not exceed 3 minutes, and the membrane life (~ 50 days) allows determination without 

changing. The developed potentiometric sensor sensitive to ethonium can be used in various objects of research at the 

concentration range of 10
–4–10

–5
 mol/l in a short period of time (5-10 min). 

 
Keywords: potentiometric determination, ethonium, polyvinyl chloride membranes, 12-molybdophosphoric acid, potentiometric 
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1. INTRODUCTION 
Ethonium, specifically 1, 2-ethylene-bis- (N-

decyloxycarbonylmethyl-N, N-dimethylammonium) 

dichloride, is a cationic surfactant which is a bis-

quaternary ammonium compound used in industrial 

production as antiseptic, bactericidal, fungicidal and 

desiccating agents. means [1]. An ethonium molecule 

contains two ion centers and two hydrocarbon chains [2]. 

The structure and properties resemble the Gemini-

surfactant, which form the biochars in the water [3-5]. It is 

known from literature sources [6], the ethonium is a 

dimeric surfactant, whose molecules are characterized by 

two hydrophobic "tails" and two polar main groups, which 

are linked by a spacer group and exhibit amphiphilic 

properties.  

Various analytical methods are used for the 

quantitative determination of ethonium [7-11]. The main 

disadvantages of these methods are the duration of 

determination due to complex sample preparation, the high 

cost of measuring the analytical signal, the use of toxic 

organic solvents. 

According to previous studies [12-24], direct 

potentiometry using selective sensors is a reliable, 

accessible, simple, fast, sensitive, as well as promising 

modern method of determination. The purpose of this 

work was to develop a potentiometric sensor for the 

detection of etonium in different objects of research 

quickly and efficiently. 

 

 

 

2. MATERIALS AND METHODS 

 

2.1 Materials Used in the Work 

-  ethonium (Et) (p.a.);  

- 12-molybdophosphoric acid (MPhA) 

Н3PMo12O40·26Н2O (analytical reagent grade); 

-  sodium hydroxide (analytical reagent grade); 

-  hydrochloric acid (conc.) (analytical reagent 

grade). 

 

The following reagents were used to make of 

potentiometric sensor membranes: 

-  the polymer matrix is polyvinyl chloride (PVC), 

grade C-70 (puriss.); 

-  the matrix solvent is cyclohexanone (CG), 

(analytical reagent grade); 

-  electrode-active substance (EAS) – 

(Еt)3(РМо12О40)2; 

-  membrane solvent plasticizer EAR are dibutyl 

phthalate (DBP) and dioctyl phthalate (DOP) 

(puriss.). 

 

As the electrode-active substance used ion 

associate (IA) of the organic cation of ethonium with 12-

molybdophosphate acid. 

 

2.2 Synthesis of Ionic Associates 

IA was prepared by precipitation with the mixing 

of 0.01 M ethonium solutions with the 12-
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molybdophosphate acid solution. The mixture was stirred 

and left to stand for 24 hours. Then, the precipitate was 

filtered, washed with a little water and air-dried for 1-2 

days at room temperature. 

 

2.3 Method for Synthesis of Plasticized Membrane 

Synthesis of plasticized polyvinyl chloride 

membranes was performed as follows: a sample of 0.45 g 

of PVC was dissolved in 4.5 ml of CG under low heating 

in a water bath with stirring until complete dissolution. 

The solution of a weighted sample was prepared 

separately at a mass range of a sample of 0.001–0.05 g of 

EAS with 1.1 ml of membrane solvent plasticizer (MS) 

DOP in a water bath and stirred well until completely 

dissolved. The obtained solutions of the individual 

polymer matrix (PM) and the EAS solution were mixed in 

the beaker; the EAP solution was added to the PM to form 

a transparent homogeneous liquid mixture, which was 

transferred to a 50 mm diameter Petri dish. The 

transparent elastic film of a plasticized polyvinyl chloride 

membrane was obtained after complete evaporation of the 

CG from the mixture at room temperature (within 18-

20
0
C) under a fume hood (3-4 days). Plasticized 

membranes with membrane solvent plasticizer DBP were 

synthesized according to the same method.  

 

2.4 Devices Used in Work 

The film potentiometric sensors with polyvinyl 

chloride plasticized membranes were used (Figure-1). 

 

 
 

Figure-1. The construction of the film potentiometric 

sensor: 1 - PVC tube, 2 - sensitive membrane, 3 - test 

substance, 4 - silver-chloride half element. 

 

This electrode is a PVC tube (diameter 10 mm). 

Ion-selective membrane disks, the diameter of which 

corresponded to the diameter of the tube, we're glued to 

the carefully polished end of the polyvinyl chloride tube. 

A solution of the test substance at a concentration of 

1.0·10
–3

 mol/l was poured into the tube and immersed with 

silver-chloride half-element as an internal reference 

electrode. Glue is a mixture of polyvinyl chloride and 

cyclohexanone. 

The electrochemical cell for direct potentiometric 

researchers was used (Figure-2). 

 

Ag 
AgCl, 

KClsat. 
test solution a membrane 

internal 

solution 

KClsat., 

AgCl 
Ag 

 

Figure-2. Electrochemical cell for direct potentiometry. 

 

The galvanic cell consisted of a developed film 

potentiometric sensor (with an internal solution of 1·10
–3

 

M solution of etonium and an internal electrode - Ag / 

AgCl wire in KClsat.) and the chloride silver comparison 

electrode EBL-1M31 with a saturated solution of KCl. 

Potentiometric measurements were performed using an I-

130 ionomer. The acidity of the solutions was 

potentiometrically monitored with a glass electrode ESK-

10601/4 and adjusted with HCl and NaOH solutions. 

 

3. RESULTS AND DISCUSSIONS 

The plasticized membrane is a four-component 

system, which includes: polymer matrix, EAS, matrix 

solvent, EAS solvent. The investigation of the influence of 

each of the components of this system, as well as the 

properties of the solutions being analyzed, is important 

because these parameters are dominant in many factors 

being investigated. The composition of the membrane was 

optimized by investigating the effect and content of the 

plasticizer, the content of the electrode-active substance on 

the electrode characteristics of the sensors. The results of 

the researches of the electrochemical properties of the 

developed sensors (Figure-3) showed the best plasticizer 

for the sensors is DOP with the optimum value of the 

content of the electrode-active substance in the membrane 

of 1.0 mg. The steepness of the electrode function is close 

to the Nernst slope for the double charge cations (S≈30 
мВ/рС). 
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Figure-3. Dependence of the slope of the electrode 

function on the mass of the electrode-active substance in 

the membrane (plasticizer solvent - dibutyl phthalate and 

dioctyl phthalate). 

 

The effect of the concentration of the internal 

comparison solution was studied and shown in Figure-4. 

Ethonium solutions with a concentration of 5·10
–3

, 1·10
–3

, 

5·10
–4

, 1·10
–4

 mol/l were used for these experiments. It 

was found, the best results were obtained using solutions 

with an ethonium concentration of 1·10
–3

 mol/l. 

 

 
 

Figure-4. The dependence of the slope of the electrode 

function on the concentration of the internal 

comparison solution. 

 

The acidity of the medium is the factor that has 

the biggest influence on the functioning of virtually all 

potentiometric sensors. The reason for this fact is the 

chemical processes between the components of the 

membrane, the substance being detected and H3O
+
 or OH

–
 

ions. Therefore, the influence of the acidity of the medium 

on the electrode function of the potentiometric sensors was 

investigated. The results of the investigation of the effect 

of the test solution pH, the nature of the membrane solvent 

and the quantitative content of the ionic associate in the 

membrane on the slope (steepness) of the electrode 

function of the potentiometric sensor sensitive to etonium 

are presented on Figures 5-7. 

 
 

Figure-5. Dependence of the slope of the electrode 

function on various factors (the plasticizer solvent 

is dioctylphthalate). 

 

 
 

Figure-6. The dependence of the slope of the electrode 

function on various factors (the plasticizer solvent is 

dibutyl phthalate). 

 

 
 

Figure-7. Dependence of the minimum determined 

concentration on the acidity of the medium (the 

solvent of the plasticizer is dioctylphthalate). 

 

When studying the influence of the solution's pH 

of the standard series of ethonium, it was found, the slope 

of the electrode function of the electrode at pH 4.0 has a 

constant value of ~ 30 mV/pC, which is close to the 
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theoretical value for two-charged ions. Membrane 

solvents-plasticizers and the quantitative content of ionic 

associates in membranes don't significantly effect the 

value of the electrode function of the potentiometric 

sensor sensitive to ethonium. The electrode operates in the 

range of pH = 4…8. The optimum pH for the 
determination of ethonium by the potentiometric method is 

4.0 since, at the given acidity of the solution (Figure-7), 

the membrane of the potentiometric sensor is most 

sensitive to the content of ethonium and the minimum 

detectable concentration is 10
–5

 mol/l. 

It was found, the lowest concentrations (highest 

values of pC) were detected using dioctylphthalate as a 

solvent when studying the influence of the nature of the 

solvent-plasticizer on the values of the minimum 

determined concentration (Figure-8). The acidity of the 

test solution and the quantitative content of ionic associate 

in the membrane don't significantly affect this parameter. 

 

 
 

Figure-8. Dependence of the minimum determined 

concentration on the type of solvent (ІА- 

(Et)3(PMo12O40)2, рН=4,0). 
 

The standard ethonium solutions with 

concentrations 1.0·10
–2 

- 1.0·10
–6 

M were prepared to 

construct of the electrode function. The solutions were 

prepared from a 1.0·10
–2

solution by successive dilution in 

25 ml volumetric flasks. EMF measurements were 

performed after 1.5-3.0 min from lower concentrations to 

high concentrations (Figure-9). Figure-9 shows the 

investigated sensor has a sensitivity to ethonium in a wide 

concentration range. 

 

 
 

Figure-9. Electrode function of the developed 

potentiometric sensor in ethonium solutions (membrane 

containing 1.0 mg; pH = 4.0, MS is DOP). 

 

It is experimentally established the response time 

of the developed potentiometric sensor is 120–180 s at 

concentrations of 10
–6–10

–4
 mol/l and decreases to 60–90 s 

at concentrations of 10
–3–10

–2
 mol/l. It is experimentally 

found the optimum lifetime of the sensor is ~ 50 days 

when stored in a dry state. 

 

4. CONCLUSIONS 

a) A potentiometric sensor for the determination of 

ethonium in various objects of research was 

developed. 

b) The response time and the optimum lifetime of the 

potentiometric sensor were experimentally 

determined. 

c) The ethonium ionic associate with 12-

molybdophosphate was synthesized. This ionic 

associate was used as an electrode-active substance to 

develop a potentiometric sensor. 

d) The influence of various factors on the characteristics 

of the electrode (minimum determined concentration, 

linearity interval, and sensitivity), the choice of the 

optimal membrane composition of the potentiometric 

sensor (the content of EAS in the membrane, the 

membrane solvent-plasticizer) and the optimal 

conditions of its operation (acidity of the solution, the 

nature of the membrane plasticizer, the content of 

EAS in the membrane and the concentration of the 

internal comparison solution). 
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