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Abstract- The interaction of organic cation Amprolium with methyl orange was investigated 
with the help of thermal studies. The thermolysis of IA Amprolium with methyl orange begins 
at 20 °C and is characterized by the fact that the molecule of ammonia is released at the first 
stage at a temperature of 50 °C. In the process of thermolysis no sulfur is released, and we 
observe a slight exoeffect at 220 °C. Then we observe a small endoeffect at 260 °C. The mass 
loss at this stage is 34%, which may correspond to the allocation of NH3, SO2, CO and N2, 
which were identified by qualitative reactions. At the last stage, within the limits of  
440-680 °C, combustion of IA occurs, which is accompanied by an exothermic effect at a 
temperature of 485, 610 °C and endothermic at 520 °C with a significant loss in mass. These 
slightly soluble associates were used as electrode active substances (EAS) in plasticized 
polyvinyl chloride (PVC) membranes of ion-selective electrodes (ISE), sensitive to organic 
cation Amprolium. The influence of the nature of plasticizer on the basic electroanalytical 
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characteristics in the system is investigated. The following organic solvents with corresponding 
dielectric constant (ε) and Rorschneider polarity (PR) were investigated as membrane 
plasticizers: diethyl phtalate (8.15; 40), dibutyl phtalate (6.1-6.4; 38), dibutyl sebacate, dioctyl 
phtalate (5.1; 30), dinonyl phtalate (4.47; 26), tricresyl phosphate (6.7-7; 25). The results of the 
study of the electroanalytical properties of the sensors developed by the nature of the plasticizer 
indicate that the best plasticizer for the system is TFC or DNP. For these solvents work of size 
of the dielectric constant and the Rorschneider polarity are 123.5 and 175, respectively. For 
plasticizers which appeared less more effective (DBP and DEP) these sizes are 235.6 and 326, 
accordingly. For membranes with identical content of plasticizer of one homological row 
(DEP, DBP, DOP, DNF), the Nernstian slope diminishes with growth of dielectric constant of 
solvent-plasticizer The pH working range of the sensors based on ion associates with methyl 
orange are 5.5-10.0 respectively. The linearity ranges of the electrode are in the range  
6.3×10-5–1×10-1 mol/L, and the function slope is 28-35 mV/decade. The efficiency of the use 
of sensor for determination of Amprolium in pharmaceuticals was shown. 

Keywords- Amprolium, Methyl orange, Ion associate, Thermolysis, Potentiometric sensor, 
Potentiometric determination  
 

1. INTRODUCTION  

The development of applied ionometry at the present stage requires both theoretical studies 
that focus on finding out the nature of the selectivity of electrode membranes and the search 
for new ways of synthesis of membranes and their modification with the aim of obtaining more 
perfect structural units with wider functional properties of these materials. To solve this 
problem an important role is played by the establishment of the relationship between the 
structural characteristics of the membranes and their influence on the electro-analytical 
properties [1-6]. The urgency of the development of ion-selective electrodes (ISE) for the 
determination of substances of an amine nature is due [7]. In our time, a numerous of ISEs are 
described with liquid and plasticized membranes that are reversible to cationic nitrogen-
containing organic compounds [8-11]. The current problem of the present is the determination 
of organic nitrogen-containing compounds, which are used in industrial facilities.  

Amprolium hydrochloride (C14H19N4Cl) is a pyrimidine derivative. Aqueous solutions 
have an acid reaction. Amprolium, which is often used for preventive purposes with 
coccidiosis, should not be contained in human food. Therefore, a rather sensitive analytical 
method is needed to determine the low concentrations of the drug in these products [12]. 
Among the known methods of determination of Amprolium are potentiometric [13-14], 
spectrophotometric [15-19], chromatographic [20-31], but some of them are characterized by 
the complexity and long-term sampling stages, the use of toxic and organic solvents, multi-
stage analysis, the need for expensive equipment. Some of these methods are complicated for 
routine measurements that require expensive equipment that cannot be performed in many 
laboratories. Therefore, it is necessary to develop a simple, selective and sensitive method for 
the determination of Amprolium hydrochloride. 
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2. EXPERIMENTAL 

On the day of the experiment, an initial standard solution of Amp+ was prepared at a 
concentration of 1×10-1 mol/L. Working solutions of Amprolium chloride 1×10-8–1×10-1 mol/L 
were prepared by sequential dilution of the initial solution in a 0.1 mol/L solution of KCl per 
day of the experiment. The acidity of the medium was regulated using a universal buffer 
solution [32] with a corresponding pH value, which was controlled potentiometrically with a 
glass electrode. Potentiometric measurements were made on the I-160 (measurement accuracy 
±1.0 mV), as the electrode for comparison, the silver chloride electrode EVL-1 MZ was used 
at a temperature of 25.0 ˚С. 
An electrochemical circle was used to measure the EMF: 
Ag, AgClǁKCl (saturated) ǁ study solution ǀ membrane ǀ internal solution ǀ current diverting  

[Аmp+]=1×10-8–1×10-1 mol/L          [Аmp+]=1×10-2 mol/L 

As an internal solution was a working solution of Amprolium of a concentration of 0.01 
mol/L. 

Ion associates are synthesized according to the following procedure [9-11]: at first, 1×10-2 
mol/L Amprolium and methyl orange (MO) solutions were prepared. Then, in drops, with 
constant stirring, a solution of methyl orange was added to the solution of the test substance 
and the mixture was left at room temperature until the next day to stand. The dropped 
precipitate, filtered and washed several times with cold distilled water, and then dried at room 
temperature in air for 48 h. 

Synthesized insoluble associates have been used as an electroactive substance (EAS) for 
the construction of film polyvinylchloride (PVC) membranes for ISE, reversible to organic 
nitrogen-containing cations. The modeling of the membrane composition of the ion-selective 
sensors utilized high molecular weight polyvinylchloride (PVC) (Sigma-Aldrich), diethyl 
phtalate (DEP) (Merck), dibutyl phtalate (DBP) (South African Republic), dibutyl sebacate 
(DBS) (Merck), dioctyl phtalate (DOP) (Merck), dinonyl phtalate (DNP) (Merck), tricresyl 
phosphate (TCP) (Acros organics, USA), cyclohexanone (CHN) (Shostka, Ukraine) and 
tetrahydrofurane (THF). 

Plasticized polyvinyl chloride membranes were synthesized according to the standard 
method: weighing 0.07 g of PVC, the corresponding amount of the IA (to provide a content of 
5-15% of the total weight of the membrane), and then the mixture was thoroughly mixed for 
homogenization. Then, an appropriate amount of plasticizer (DNF, DOP, DBF, DBS, TFC), 
0.5 ml of solvent (cyclohexanone or tetrahydrofuran) was injected. The resulting solution was 
transferred to a mold (1.7 cm in diameter), pre-stuck to the glass plate, and dried in air for 2-4 
days. 

The membrane electrode was made in the form of a tube of PVC (diameter 10 mm), to the 
end of which is glued membrane. Glue–10% solution of PVC in cyclohexanone. Inside the 
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tube, pour a solution of the corresponding substance at a concentration of 10-2 mol/L and 
immerse the copper wire as an internal comparator electrode. Prior to work, the ITE was ground 
in a solution of a detectable substance at a concentration of 10-2 mol/L. 

The behavior of the ISE sensitive to Amprolium was studied in model solutions. A series 
of solutions with a concentration of 1×10-8–1×10-1 mol/L was used to construct calibration 
graphs. The pH of the solutions was maintained by means of a universal buffer solution of 0.04 
mol/L of acetic, boric and phosphate acids in a certain ratio of 0.2 mol/L NaOH. 

The thermal studies (TG, DTG and DTA) were carried out on an apparatus for complex 33 
dynamic thermal analyses under the following conditions: temperature range 20–700 °C, 34 
heating rate 5 K/min. Analysis allows us to investigate the thermal behavior of synthesized 
ionic associates. The research was carried out on the derivative Paulik-Paulik-Erdey in the 
environment of N2. Thermograms were recorded on a chart strip, the sensitivity of channels 
TG-50 or 100 mg, DTG-100 μV, DTA-100 μV. Products of the thermolysis of the Amprolium-
methyl orange ion associate were analyzed in a medium of nitrogen up to a temperature of  
250-300 °C and identical to the products obtained under the same conditions, but in the air. 
Gaseous thermolysis products have been identified by qualitative reactions, which are known 
from the section of analytical chemistry-qualitative analysis. 
 

3. RUSULTS AND DISCUSSION 

The formation and precipitation of IA are equilibrium processes that depend on numerous 
factors such as salt content of the solution, exposure time, temperature etc. These ion associates 
of Amprolium with methyl orange were used as electrode-active materials for preparing 
membranes of ion-selective electrodes for Amprolium determination. Ion associates of 
Amprolium with methyl orange suit the requirements to the electrode-active materials, namely 
low solubility in water and good solubility in membrane plasticizers, and ion-exchange 
properties. 

 

 
Fig. 1. Simultaneous TG, DTA curves of the Amprolium-MO 
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Thermolis OF IA Amprolium-MO passes through a series of stages (Fig. 1). The 
thermolysis of IA Amprolium with methyl orange begins at 20 °C and is characterized by the 
fact that the molecule of ammonia is released at the first stage at a temperature of 50 °C. In the 
process of thermolysis no sulfur is released, and we observe a slight exoeffect at 220 °C. Then 
we observe a small endoeffect at 260 °C. The mass loss at this stage is 34%, which may 
correspond to the allocation of NH3, SO2, CO and N2, which were identified by qualitative 
reactions. At the last stage, within the limits of 440-680 °C, combustion of IA occurs, which is 
accompanied by an exothermic effect at a temperature of 485, 610 °C and endothermic at  
520 ° C with a significant loss in mass. 

As can be seen from Table 1, a satisfactory ratio of experimentally established and 
theoretically calculated mass loss indicates the correctness of the proposed thermolysis 
schemes. 
 
Table 1. Data of DTA curve of the ion pair of MO-Amprolium+ and decomposition products 
 

Ion pair Temperature 
range, °С 

Loss of mass % Products 

 Theoretical Experimental  

C28H33N7O3S 

 
20–100 (-50) 

100–240 (+220) 
240–290(-260) 

290–360 
360–440 

440–680 (+485,    
-520, +610) 

3.10 
11.70 

 
12.79 
5.11 
8.23 

59.07 

3.0 
12.0 

 
13.0 
5.5 
8.0 

59.0 

NH3 
SO2 

 
5/2N2 
CO 

NH(CH3)2 
(25C + 23Н) 

Total loss of mass 100.00 100.0  

 
Generally, the sensitivity, selectivity, working range, and stability of an ion-selective 

electrode depend not only on the nature of the ionophore, but are also strongly influenced by 
the nature and amount of the plasticizer and EAS additives [1-11]. 

The influence of the nature of plasticizer on the basic electroanalytical characteristics in the 
system is investigated. The content of the plasticizer was 59% for the Amprolium-selective 
sensor, and the ionic strength of the solutions was maintained at 0.1 mol/L KCl solution, 
respectively, at pH=6.5.  
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Table 2. Electro-analytical characteristics of the ISE on the basis of IA Amprolium-MO 
 

Amount of the 
ion pair, % 

Plasticizer 
(59 %) 

Slope (mV) 
 

Linear range 
(mol/L) 

Detection 
limit (mol/L) 

3 
5 
7 
7 
7 
7 
7 
7 
10 
13 

TCP 
TCP 
DNP 
DOP 
DBP 
DEP 
DBS 
TCP 
TCP 
TCP 

15 
25 
28 
18 
13 
9 
20 
35 
19 
8 

1×10-1–3.2×10-3 

1×10-1–7.9×10-4 

1×10-1–7.9×10-5 

1×10-1–9.0×10-5 

1×10-1–1.0×10-4 

1×10-1–2.9×10-4 

1×10-1–7.9×10-4 

1×10-1–6.3×10-5 

1×10-1–5.0×10-4 

1×10-1–5.0×10-3 

1.0×10-3 

3.2×10-4 

6.3×10-5 

8.0×10-5 

9.0×10-5 

1.0×10-4 

6.3×10-4 

2.0×10-5 

4.0×10-4 

2.5×10-3 

 
The following organic solvents with corresponding dielectric constant (ε) and Rorschneider 

polarity (PR) were investigated as membrane plasticizers: diethyl phtalate (8.15; 40), dibutyl 
phtalate (6.1-6.4; 38), dibutyl sebacate, dioctyl phtalate (5.1; 30), dinonyl phtalate (4.47; 26), 
tricresyl phosphate (6.7-7; 25).  
 

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0
5

10

15

20

25

DEP

DBP

DOP

S, 
mV/pC

ε

DNP

 
Fig. 2. Influence of the dielectric constant of the phtalate plasticizer on the response of the 
Amprolium-selective electrode  
 

The results of the study of the electroanalytical properties of the sensors developed by the 
nature of the plasticizer indicate that the best plasticizer for the system is TFC or DNP (Table 
2). For these solvents work of size of the dielectric constant and the Rorschneider polarity 
(ε×PR) are 123.5 and 175, respectively. For plasticizers which appeared less more effective 
(DBP and DEP) these sizes are 235.6 and 326, accordingly. For membranes with identical 
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content of plasticizer of one homological row (DEP, DBP, DOP, DNF), the Nernstian slope 
diminishes with growth of dielectric constant of solvent-plasticizer (Fig. 2). 

The best was the electrode with the content: EAS –7%, Plasticizer –59%, PVC –34%; the 
detection limit reaches 2×10-5 mol/L. However, the slope does not reach the theoretical value 
of Nernst function for single-charged ions. 

The composition of the membrane was optimized after studying the influence of the amount 
of the plasticizer, EAS on the electro-analytical characteristics of the sensor. The reason for 
studying the effect of pH is the presence of 2 charged groups (forms) in the structure of 
Amprolium (Fig. 3). The first one is a permanently charged (quaternary ammonium group), 
which is an independent of pH ionic group. The second is an ionized amino group in the 
pyrimidine ring with pKb 5.3. In the acidic medium, the Amprolium molecule has charge 2 
(divalent ion), where the quaternary ammonium group as well as the amino group, are 
completely ionized. But when in a pH>6 medium behaves like a monocharged ion. Formation 
of Amprolium IA with methyl orange occurs at a ratio of 1:1 (Fig. 4), and is described by the 
formula Amprolium-MO, and not 1:2; this is due to the steric difficulties of a large counter ion.  
The effect of pH on the potential of the electrode was studied by measuring the potential of the 
solution of Amprolium at a concentration of 0.01 mol/L.  
 

0 2 4 6 8 10 12

20

40

60

80

100 12

α,%

pH  
 
Fig. 3. Diagram of the distribution of dissociated (1) and protonated (2) forms of Amprolium 
from the pH of the solution 
 

The values of pH were obtained by the addition of small volumes of 0.1–1 mol/L HCl, 
NaOH. Graphic dependence for the ISE on the basis of the IA Amprolium-MO indicates that 
the electrode can safely be used in the pH range (Fig. 5) 5.5-10. For the dependence of E-pH, 
in the range 4-5, there is a decrease in the potential with an increase in the pH value. This is 
due to the exchange of H3O+ between the phases from the inner surface of the membrane with 
the solution of the comparison. The influence of the acidity of the medium on the photolytic 
properties of Amprolium was studied.  
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The drift of the potential does not exceed 2-4 mV/day. Stable values of electrode potentials 
are set within 10-15 seconds. This is due to the fact that the electrodes were kept in a solution 
of Amprolium at a concentration of 0.01 mol/L. The lifetime of the sensors were examined by 
re-calibration every 2 days. There was no noticeable deterioration in the sensor performance in 
terms of detection limit, calibration curve slope and response time over a period more of 30 
days. 
 

N
+

CH3

N
N

CH2 NH2

CH3

N N-O3S N
CH3

CH3

 
 

Fig. 4. The structure of the Amprolium-methyl orange ion associate 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 5. Influence of the pH of the solution on the response of the Amprolium-selective electrode 
(pC=2) 
 

To study the effect of the concentration of the internal solution of the comparison on the 
response of the ISE on the basis of the IA Amprolium-MO, it was used as an internal  
solution-Amprolium chloride with a concentration of 1×10-2, 1×10-3, and 1×10-4 mol/L. It has 
been experimentally confirmed that the best characteristics of the calibration curve are obtained 
using an internal solution of concentration of 1×10-2 mol/L. 
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Table 3. Electrochemical response characteristics and potentiometric selectivity coefficients 
of the proposed and known sensors 
 
Parameter [14] [13] This work 

Concentration range (mol/L) 10-6 to 10-2 0.1-100 mMol/L 6.3×10-5 – 1×10-1 
Slope  30.2 31.6 35 
Correlation coefficient 0.9999 - 0.99 
Precision (RSD, %) 0.854 1 0.98 
LOD (mol/L) 1.01×10-7 - 2×10-5 
Response time (sec) 10 10-15 10-15 
Working pH range 2-10 7-10 5.5-10 
Stability (days) 56 28 >30 
The drift of the potential (mV/day) - - 2-4 

Potentiometric selectivity coefficients 

Interferent    

NH4
+ - 2.1 >4 

K+ 3.19 1.6 >4 
Na+ 1.14 2.1 >4 
Tetramethylammonium bromide - - 3.7 
Tetrabutylammonium iodide - - 2.5 
Benzyltrimethylammonium chloride - - 3.6 
Lactose  2.67 100-fold >4 
Glucose 3.02 100-fold >4 
Ethopabate 3.14 - - 

 
The selectivity constant of the Ki,j electrode relative to interfering ions is one of the 

important parameters that characterize the quality of the membrane electrode. Selectivity 
depends on the ratio of the activity of the detected and interfering ion.  
The potentiometric coefficients were determined using the separate solution method. 

[ ] [ ]ZZJlogamplog
S

EEK
1

Z
12pot

Jamp,
+−+

−
=+

 

where E1 is the potential for the drug, E2 for the interfering ion J, with charge Z and slope S of 
the calibration graph. 

The determination was carried out by the method of individual solutions, measuring the 
potential of the electrode in a solution containing either the main ion studied or only interfering. 
It is established that NH4+(>4), K+(>4), Na+(>4), tetramethylammonium bromide (3.7), 
tetrabutylammonium iodide (2.5), benzyltrimethylammonium chloride (3.6) do not interfere 
with the Amprolium determination. The content of copper, iron and other heavy metals in a  
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2-fold excess influences the response of an Ampolium-selective electrode. As evidently from 
a table 3 the potentiometric sensor is developed by us characterized the best selectivity. Based 
on the research conducted, it was found that the IA Amprolium list with methyl orange is 
suitable for use as an EAS for the ISE. 

In order to evaluate the potentiometric sensors data, the testing of ISE was performed in 
the determination of Amprolium in medicinal products (Table 4). The investigated object, 
which was in the form of granules, was rubbed in an agate mortar to a powdered state. 
Dissolved in 25 ml of water, quantitatively transferred to a flask of 50 ml capacity, added 5 ml 
of buffer mixture with pH 6.5, and adjusted to a mark with water. Titrated with 0,01 mol/L of 
TPhB solution. 
 
Table 4. Results of the determination of Amprolium amounts in model solution (Ftabl.=5.05; 
ttabl.=2.78) 
 
Label 
amount,  mg 

Found by proposed sensor  Found be potentiometric 
titration 

mg S2 RSD 
(%) 

F t mg S2 RSD 
(%) 

50 
100 
200 

49.5±2.12 
99.1±2.31 

199.3±1.89 

5.87 
5.38 
4.80 

3.65 
2.13 
2.87 

1.32 
1.08 
1.79 

0.21 
0.09 
0.28 

49.9±2.35 
99.1±2.32 

198.4±3.11 

4.45 
5.84 
8.60 

2.59 
2.88 
3.12 

 
The potentials measured by those sensors were recorded and compared with the calibration 

graph. The proposed membrane sensor based on ion pair of Amprolium–methyl orange was 
found to work well under laboratory conditions (Table 4). 
 

4. CONCLUSION 

Existing methods of determination of Amprolium are considered. Obtained ion associates 
of Amprolium with methyl orange in solid form. The thermal stability of the electroactive 
compound and the membranes on its basis has been studied. It was studied the electroanalytical 
characteristics of the manufactured ISE, the slope of the function E=f (pC), the drift of the 
potential, the pH range of the electrodes. It was determined the coefficients of selectivity of the 
electrode relative to other substances with the method of separate solution. The proposed 
sensors exhibit long lifetime, good stability, sensitivity, precision, accuracy and selectivity.   
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