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Abstract 

An equivalent ratio was reacted between octylamine and ethylene chloride 

to obtain the n-octylethylammoium chloride (n-OEACl) catanion salt. In 

the next step, the n-OEACl salt was treated in equivalent proportions with 

sodium pentanoate and the cationic salt was synthesized with n-

octylethylammoium pentanoate (n-OEAPn). Identification of cation salts 

(n-OEACl and n-OEAPn) was performed by IR and 
1
H NMR-

spectroscopy. High surface activity of salts synthesized by tensiometric 

measurements has been shown at the water-air boundary. The specific 

electrical conductivity of catanion salts was determined by 

electroconductive method and their polar properties were proved. 

Experiments have shown that the n-OEAPn salt is stronger than both the 

5% aqueous solution and the 100% product as n-OEACl salt in terms of its 

ability to distill, store and store Pirallahi petroleum on the surface of 

drinking water. In the case of 100% product of petrocollecting coefficient 

for n-OEAPn salt, the maximum value is 80.5 and the duration of action of 

the reagent is τ~7 days (in sea water). When applied in the form of 0.5% 

reagent, the maximum petrocollecting coefficient of this salt was recorded 

at the level of 78.6, τ ~ 7 days (in sea water) 
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Introduction 

Currently, surfactants are used for various purposes in many areas of the economy [1,2]. 

The importance of surfactants in all areas of the economy, including science, medicine and daily 

life, is well known. The diversity of surfactants allows them to be used on a large scale. It is 

known that surfactants are divided into different classes. 

At present, the interest in catanion surfactants has increased significantly among the newly 

formed representatives of surfactants. The acquisition, research and application of catanion-

containing surfactants has attracted the attention of specialists [3-6]. 

Catanion holds reversely charged chains in the anion and cation parts of surfactants. Unlike 

traditional surfactants, inorganic counter ions are not present in the catanion surfactants and have 

been replaced by charged fragments that hold the hydrocarbon chain. 

Catanion surfactants has a number of unique properties. These properties include a number 

of aggregate structures and certain conditions associated with the phase (liquid-liquid phase 
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fission, laminar phase crystals, etc.). The occurrence of these cases is a strong attraction due to 

electrostatic forces as a result of positive and negative loading. The forces of hydrophobic-

hydrophobic interaction between hydrocarbon chains are also important. As a result of the 

participation of surfactants, in some cases it is possible to obtain ultra-small surface and 

interfacial voltages. 

The ever-increasing demand for petroleum and petroleum products in the world leads to 

the pollution of water bodies. Surfanctants with a strong petrocollecting and petrodispersing 

properties is required to remove the remaining petroleum layers on the water surface [7,8]. 

In the presented work, a new catanion-type surfactants based on octylamine, ethylene 

chloride and sodium pentanoate was synthesized, and their physicochemical and petrollecting 

capacity were studied. 

Experimental Part 

Initially, octylamine was reacted with ethylene chloride in a 1:1 mole ratio. The reaction 

runs according to the following scheme: 

 
The reaction was carried out in a nitrogen medium in a tightly closed reactor at a 

temperature of 54C for 8 hours. The reaction produces a whitish, gel-like salt, n-octyl-

ethylolammonium chloride (n-OEACl). This salt dissolves in water. Melting point is above 

200C. 

The structure of the n-OEACl salt was identified by IR spectroscopy (Fig. 1). IR spectra 

were recorded on an ALHPA (German Brooker's) Fourier spectrometer at a wavelength of 600-

4000 cm
-1

. 

Absorption band of OH-group valence vibrations at 3354.5 cm
-1

 in the IR spectrum, 

absorption band of CH valence vibrations in CH3 and CH2 groups at 2922.8 cm
-1

 and              

2853.5 cm
-1

, N
+
 -H valence at 2426.0 cm

-1
 absorption band of vibrations, N

 +
 -H deformation at 

1465.7 cm
-1

, CH deformation in CH3 and CH2 groups at 1377.6 cm
-1

 and 1339.8 cm
-1

, CN 

valence at 1183.5 cm
-1

, 1082.1 cm
-1

. The absorption bands of the COH group CO valence and 

722.7 cm
-1

 (-CH2-) x “dancer” vibrations are noticeable. 

To study the electrical conductivity of the obtained n-OEACl salt, aqueous solutions of 

different concentrations were prepared and their specific electrical conductivity () was 

determined at a temperature of 23 ° C in an Anion-4120 conductor (manufactured in the Russian 

Federation) (Tab. 1). 
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Fig. 1. IR spectroscopy of the n-OEACl salt 

Table 1. Specific electrical conductivity of n-OEACl salt (23°C) 

Concentration, % mas. 0.0001 0.0005 0.01 0.05 0.1 

, mkC/cm 30.0 64.1 87.8 98.6 117.7 

As can be seen from the table, as the density of the solution increases, so does the cost of 

electrical conductivity. 

The surface activity of the obtained salt was determined on a Sigma-702 tensiometer. The 

values of surface tension () at the boundary with air, depending on the different percentages of 

aqueous solutions, are given in Tab. 2 below. 

Table 2. Surface tension values at the water-air boundary at different concentrations of n-OEACl 

salt (23 ° C) 
Conct., % mas. 0.0001 0.00025 0.0005 0.00075 0.01 0.05 0.075 0.1 0.2 

, mN/m 49.3 45.1 39.7 37.2 32.4 28.8 25.2 23.3 21.6 

Note: Surface tension at 23 ° C at the water-air boundary without surfactant is 72.2 mN / m 

Results and Discussion 

The results show that the value of  by increasing concentration of n-OEACl salt. This salt 

has a high surface activity by reducing the surface tension to 21.6 mN/m at a concentration of 

0.1%. 

The possibility of using the obtained new n-OEACl salt in the treatment of water basins 

contaminated with a thin layer of petroleum, i.e. the petrocollecting capacity was studied. Tests 

were carried out in the laboratory on a thin layer of petroleum formed on the surface of 3 types 
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of water (distilled, drinking and sea) with different degrees of mineralization, using a petroleum 

sample of the Pirallahi field. The reagent is applied to the surface of oily water in the form of 

0.5% aqueous solution and 100% product. The reduction of the starting area of the petroleum 

layer as a result of the action of the reagent shows efficiency of the reagent. The quantity that 

characterizes this efficiency is called petrocollecting coefficient and is denoted by K (Tab. 3). 

Table 3. Results of research on the nebulizability of n-OEACl salt; Pirallahi petroleum 

Surfactant  
Distilled water Fresh water Sea water 

τ, h K τ, h K τ, h K 

Undilited product 

0-0.5 30.4 0-0.5 20.5 0-0.5 19.4 

1.0-2.0 42.3 1.0-2.0 51.7 1.0-2.0 40.2 

3.0-15.0 53.2 3.0-168.0 40.5 3.0-15.0 57.6 

24.0-168.0 60.8   24.0-168.0 60.8 

0.5 % wt. solution 

0-0.5 8.6 0-0.5 9.6 0-0.5 19.4 

1.0-2.0 26.8 1.0-2.0 23.9 1.0-2.0 22.5 

3.0-168.0 30.4 3.0-168.0 30.4 3.0-168.0 30.4 

Experiments show that the n-OEACl salt has a strong petrocollecting capacity in all three 

waters, both as a 5% aqueous solution and as a 100% product. The maximum value of 

petrocollecting coefficient in the case of 100% product is 60.8, the duration of action of the 

reagent is τ~7 days. When applied in the form of 0.5% reagent, the maximum petrocollecting 

coefficient of this salt is recorded at the level of 30.4, τ~7 days. 

Then the reaction of n-octylammonium chloride salt with sodium pentanoate was carried 

out in a ratio of 1:1 mole. The reaction runs according to the following scheme: 

 

The reaction is carried out in an aqueous medium at room temperature (21C). The 

reaction immediately produces a yellowish n-octylethylolammonium pentanoate (n-OEAPn) salt. 

The salt obtained is placed in a thermostat at 54C to evaporate the ethyl alcohol in the reaction 

medium. After a day, a yellowish, gel-like salt is obtained. The obtained n-OEAPn salt is well- 

soluble in water. Melting point is above 200 C. 

The structure of the new synthesized catanion-type n-OEAPn salt was identified by IR  and 
1
H NMR spectroscopy. The IR spectrum was recorded on an ALHPA Fourier spectrometer at a 

wavelength of 600-4000 cm
-1

 (Fig. 2). 

 



SYNTHESIS AND STUDY OF NEW CATANION TYPE, SURFACE-ACTIVE n-OCTYLETYLOLAMONMONIUM …  

 

ISSN: print - 1726-4685; online - 2519-2876 159 

 
Fig 2. IR spectroscopy of n-OEAPn salt 

Absorption band of OH-group valence vibrations at 3289.3 cm
-1 

in the IR spectrum 

(Fig.2), absorption bands of CH valence vibrations in CH3 and CH2 groups at 2921.9 cm
-1

, 

2955.4 cm
-1

 and 2858.4 cm
-1

. The absorption band of 
+ 

NH valence vibrations at 2678.9 cm
-1 

and 

2641.7 cm
-1

, the absorption band of C(O)O- valence vibrations at 1736.7 cm
-1

, the deformation 

of the H2N 
+ 

CH2 bond at 1558.1 cm
-1 

absorption band of vibrations, NH deformation at 

1459.5 cm
-1

, NH deformation at 1443.9 cm
-1

, CH deformation in CH3 and CH2 groups at 1405.6 

cm
-1

, 1357.7 cm
-1 

and 1314.3 cm
-1

, 1235.6 cm
-1

 valence vibrations of CN bond at 1201.6 cm
-1

, 

CO valence vibrations at 1108.1 cm
-1

, CO valence vibrations of COH group at 1059.9 cm
-1

 

and 727.1 cm
-1

 (the absorption bands of CH2-) x "dancer" vibrations are recorded. 

The 
1
H NMR spectrum was captured using D2O as a solvent in the Brooker TOP SPIN 

300.13 MHz and 75.46 MHz spectrometers. CH3 at 0.83 mh, CH2 at 1.21 mh, N
+
 -CH2 at 1.58 

mh, CH3COO- at 1.84 mh, -CH2-CO- at 2.08 mh, OH- and O-CH2 at 3.5 mh resonance signals of 

protons in groups are recorded. 

To study the electrical conductivity of the obtained n-OEAPn salt, the specific electrical 

conductivity of its aqueous solutions of different concentrations at 20°C was determined (Tab.4). 

Table 4. Specific electrical conductivity of n-OEAPn salt (20° C) 

Concentration, % mas. 0.0001 0.0005 0.01 0.05 0.1 

, mkC/cm 64.1 138.6 216.6 263.7 281.4 

As can be seen, as the density of the solution increases, so does the cost of electrical 

conductivity. The specific electrical conductivity of n-OEAPn salt is more than 2 times higher 

than that of n-OEACl salt. 
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The surface activity of the obtained salt was determined on a Sigma-702 tensiometer (Israel). 

The values of surface tension () at the boundary with air, depending on the different 

percentages of aqueous solutions, are given in Tab. 5 below. 

Table 5. Surface tension values at the water-air boundary at different concentrations of n-

OEAPn salt (20 ° C) 
Conc., % mas. 0.0001 0.0005 0.01 0.05 0.1 

, mN/m 48.98 46.56 38.03 31.29 26.47 

Note: Surface tension at 23 ° C at the water-air boundary without surfactant is 72.2 mN / m 

The results show that the value of  decreases with increasing n-OEAPn salt concentration. 

This salt exhibits high surface activity by reducing the surface tension to 26.47 mN / m at a 

concentration of 0.1%. This salt is more superficially active than n-OEAX. 

The effectiveness of n-OEAPn salt in cleaning the surface of petroleum-contaminated 

water bodies has been tested in laboratory distillation, drinking and seawater. The reagent 

petroleum (Pirallahi petroleum) was applied to the water surface in the form of 0.5% aqueous 

dispersion and 100% product (Tab. 6). 

Table 6. Results of research on the nebulizability of n-OEAPn salt; Pirallahi petroleum 

Surfactant  
Distilled water Fresh water Sea water 

τ, h K τ, h  τ, h K 

Undilited product 

0-0.5 40.5 0-0.5 30.5 0-0.5 30.5 

1.0-2.0 55.9 1.0-2.0 40.5 1.0-2.0 55.9 

3.0-15.0 60.8 3.0-15.0 55.9 3.0-15.0 60.8 

24.0-168.0 80.2 24.0-168.0 60.8 24.0-168.0 80.5 

0.5 % wt. solution 

0-0.5 30.5 0-0.5 40.5 0-0.5 30.5 

1.0-2.0 40.5 1.0-2.0 55.9 1.0-2.0 60.8 

3.0-168.0 78.6 3.0-168.0 60.8 3.0-168.0 78.6 

Conclusion 

Experiments show that the n-OEAPn salt has a stronger petrocollecting capacity in all 

three waters than both the 5% aqueous solution and the 100% product in the n-OEACl salt. The 

maximum value of petrocollecting coefficient in the case of 100% product is 80.5, the duration 

of action of the reagent is τ~7 (in seawater) days. When applied in the form of 0.5% reagent, the 

maximum petrocollecting coefficient of this salt is recorded at the level of 78.6, τ~7 days (in sea 

water). 
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