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Abstract 
Functionally substituted nitrogen-containing derivatives of alkyl- and 

alkenylphenols containing hydrophilic and hydrophobic fragments in their 

structures and having surface-active properties are the subject of systematic 

research. They find various applications as corrosion inhibitors of metals, 

biologically active substances, reagents for increasing of oil recovery, ionic 

liquids, etc. The presence of different reaction centers in their structures that 

have a various effect on the processes of adsorption and formation of 

ordered stable systems opens up wide possibilities for targeted regulation of 

important indicators depending on the structure of the compounds, their 

concentration and application conditions. The purpose of this article was to 

establish the surface-active properties of 1-methylene (3-allyl-2-hydroxy-5-

octyl-2-phenyl) morpholinium chloride, obtained on the basis of the 

alkylation product of 2-allyl phenol. In order to determine these properties 

of the mentioned compound in aqueous solution-air and aqueous solution-

hydrocarbons (kerosene) systems and reveal the conditions of micelle 

formation, laboratory investigations for establishing of the main parameters 

of the adsorption process depending on the concentration of the compound 

and structure were carried out. Processing of the obtained results was done 

using the Shishkovsky and Langmuir equations. The main parameters of 

adsorption processes and micelle formation indicating the high surface-

active properties of the investigated compound were determined 
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Introduction 

Organic compounds containing nitrogen, sulfur, phosphorus, etc. atoms in the structures 

and having surface-active properties are widely used as corrosion inhibitors of metals, drugs, 

biocides, reagents for increasing of oil recovery, etc. [1-5]. 

In particular, phenol derivatives containing nitrogen or both nitrogen and sulfur in the 

structures exhibit biological activity against pathogenic microorganisms and fungi, which 

expands the possibilities for the targeted use of such compounds [6–8]. 

One convenient way to obtain nitrogen-containing derivatives of phenols is the reaction of 

their triple condensation with formaldehyde and amines according to Mannich. 
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 S.E. Mosyurov et al. [9] studied the reactions of electrophilic and nucleophilic 

substitution in a series of natural phenols (flavonoids) - catechin and dehydroquercetin with 

amino acids, containing a primary amino group, in particular with alanine. 

Having carried out the condensation reaction in aqueous ethanol at 50-70°C and a 

flavonoid: α-aminoacetic acid: alanine ratio of 1:1:2 mol, disubstituted products containing 

nitrogen, carboxyl and phenolic groups were synthesized. 

Aminomethylation of phenols to the ortho position has often been used to obtain new 

corrosion inhibitors and biologically active substances. So E.M. Bikbulatova et al. [10] proposed 

a new approach to the synthesis of framework phenolic compounds by the interaction of a bis 

(methoxymethyl) amine obtained by the reaction of a primary amine with paraform with phenols 

in the presence of Lewis acids and bases. 

We also conducted studies on the synthesis of various aminomethylated derivatives based 

on allylalkylphenols and quaternary salts based on them, which can be used as water-soluble 

inhibitors of metal corrosion, biologically active substances, etc. 

However, it should be noted that to identify their functional useful properties, it is 

important to study the behavior at the phase boundary. 

Implementation of such systematic studies for determination of the basic laws of the 

adsorption processes of such compounds at the air and hydrocarbons border depending on their 

structure and concentration expands the possibilities of their targeted use.  

Interest in the use of surfactants as corrosion inhibitors is permanently increasing. The 

overwhelming majority of substances studied as inhibitors belong to adsorption-type corrosion 

inhibitors and the identification of the main factors of adsorption and micelle formation allows 

one to scientifically choose the most effective of them, taking into account their structure and 

application conditions [11]. 

This article presents the results of our studies about the surface-active properties of 1-

methylene-(3-allyl-2-hydroxy-5-octyl-2-phenyl) morpholinium chloride at the interface between 

aqueous solution-air and aqueous solution-hydrocarbons (kerosene) . 

Experimental Part 

 The 1-methylene-(3-allyl-2-hydroxy-5-octyl-2-phenyl) morpholinium chloride, which 

was chosen for the study, was synthesized by triple condensation of 2-allyl-4- (octyl-2) phenol 

with morpholine and formaldehyde (according to Mannich ) at an equimolar ratio of reagents at a 

temperature of 70-75°C and a duration of 4 hours, followed by interaction with hydrogen 

chloride at room temperature. 

 The structure of the obtained compound was confirmed by NMR spectroscopy. These 

studies were carried out on a Bruker-300 spectrometer (Bruker, Germany), (operating 

frequencies 300 and 75 MHz) equipped with a BMT-3200 temperature prefix, solvent-D2O. 
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Fig. 1. 

1
Н and 

13
С NMR spectra of 1-methylene-(3-allyl-2-hydroxy-5-octyl-2-phenyl) morpho-

linium chloride 
1
Н NMR spectrum (D2O, δ, ppm.), 0.4-1.6 m (15H, CH3+6CH2), 3 s (6H, 3CH2), 3.7 s (4H, 2CH2), 

4-4.4 m (4H, 2CH2), 6.5-7.2 m (5H, CH2, CH, Ar). 
13

С NMR spectrum (D2O, δ, м.д.), 10 (CH3), 15 (CH2), 16 (CH2), 18 (CH2), 21 (CH2), 23 (CH2), 24 

(CH2), 27 (CH2), 32 (CH2), 46 (CH2), 58 (2CH2), 68 (2CH2), 110 (CH), 115 (CH2), 122 (CH), 123 

(CH), 124(C), 130 (C), 147 (C), 153 (C) 

Aqueous solutions of a certain concentration were prepared on bidistilled water and studies 

were carried out to determine the surface tension at 298.15 K by the hanging drop method on a 

DSA30KRUSS SCIENIFIC instrument (Germany) with an accuracy of ± 0.01. 

Results and Discussions 

1-methylene-(3-allyl-2-hydroxy-5-octyl-2-phenyl) morpholinium chloride, which is a 

quaternary salt of the following structure containing a bulky cation and Cl¯ anion: 
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Therefore, the study of behavior at the interface with air and liquid (hydrocarbons) is 

necessary to establish its functional surface-active properties.  

In colloid chemistry, to study the surface tension of water-soluble surfactants at the 

interface between aqueous solutions — air and aqueous solutions — hydrocarbons (kerosene), 

use the well-known Shishkovsky equation [12]. 

            
 

 
          (1) 

where А and В – equation constants. 

More convenient type of this equation is:  

              (2) 

where                      

 At relatively high concentrations of surfactants, the equation 2 will be: 

                                                                        (3) 

 Using this equation and plotting the dependence of surface tension on the concentration 

of a substance in a solution, one can find the constants A and B in the Shishkovsky equation. 

       ) 

 Fig. 2 shows the dependence of the surface tension of aqueous solutions of the test 

compound on its concentration. 
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Fig. 2. The dependence of        ) 

 As it can be seen from the nature of the curve, even at low concentrations of the 

compound, a decrease in surface tension is observed at the phase boundary, which can be 

associated with the micelle formation process. According to the structure of the molecule of the 

test compound, it contains hydrophilic and hydrophobic fragments. A stable system is formed 

consisting of a micelle core (due to hydrophobic groups) and surface layers (due to hydrophilic 

groups).  

 Fig. 3 shows the surface tension isotherm of aqueous solutions of the compound (curve 1) 

and data on its adsorption at the interface with air at 298.15 K (curve 2). 

 

 

 
 

 

Fig. 3. Isotherms of the surface tension its adsorption  
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 As it can be seen from Figure 3, the dependence of the adsorption of the compound on 

the concentration is almost linear in the studied concentration range, which indicates its 

sufficiently high adsorption properties which can be explained by the compact structure of the 

compound and the presence of a voluminous cationic fragment and Cl¯ anion in it.  

Obviously, an allyl group also introduces a certain positive contribution to the adsorption 

process (due to the C = C bond). 

Based on the adsorption data and using the Shishkovsky and Langmuir equations, the area 

occupied by the molecule of the compound under study in the monomolecular adsorption layer 

(50.2 Å2) was determined. 

Based on the well-known equation [14], the thickness of monomolecular adsorption layers 

was calculated (1.25 nm): 

  
      

 
       (4) 

where М - compound molar mass, ρ – density of the compound, h - adsorption layer thickness, 

nm. 

The thickness of the monomolecular adsorption layers was calculated (1.25 nm). 

The dependence σ = f (lnC) has a section with a constant value of surface tension. This 

behavior of the compound can be explained by the implementation of the micelle formation 

process under the studied conditions. 

According to the obtained results, the micelle formation process can be considered from 

the point of view of the formation of a new phase. The surface activity of the substance forming 

the micellar layer is usually evaluated through the critical concentration of micelle formation 

(CMC), which is very important for determining the behavior of micelle forming molecules in 

these conditions.  

From the curves of σ = f (lnC), the CMC of the investigated compound was calculated. It is 

equal to 0.018 mol/l. 

The protective effect of many surfactants used as corrosion inhibitors is associated with an 

increase in the effectiveness of their action when they are in a micellar state. The use of such 

compounds, capable of aggregation under certain conditions and the formation of micellar layers 

on the metal surface at their low concentrations, is very perspective since the formation of a 

continuous layer consisting of myceliums lead to a high protective effect. The formation of a 

micellar layer is often preceded by a molecular film (this is confirmed by studies of many 

authors under an electron microscope). Undoubtedly, the presence of different adsorption centers 

in the structure of the molecule, due to which these layers are formed, is important in this case. 

During studying the surface tension at the interface between an aqueous solution and 

hydrocarbons (kerosene), one should take into account the possible fact of the distribution of 

surfactant molecules between water and kerosene, i.e. the equilibrium of the concentration of a 

substance in the aqueous phase will not quite correspond to their initial concentrations. 

The interfacial tension at the boundary of two non-shifting liquids can be determined 

according to the Antonov rule [13], according to which the boundary tension is equal to the 

difference in surface tension of these liquids at the boundary with air: 
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where      is the surface tension at the interface of two liquids. 

σ1 and σ2 are the surface tension of liquids 1 and 2, respectively, at the liquid-air interface. 

Calculated by this formula,      is 42.6 mN/m. 

 1-methylene-(3-allyl-2-hydroxy-5-octyl-2-phenyl) morpholinium chloride was tested as a 

St. 3 steel corrosion inhibitor in a medium consisting of a 3% aqueous solution of NaCl and 

kerosene (at a ratio of 9: 1 by volume). The tests were carried out by the gravimetric method at 

various temperatures for 5 hours. The concentration of the compound was varied from 50 to 150 

mg/l. It was found that at a concentration of 50 mg/l, the degree of protection from corrosion at 

temperatures of 25, 35 and 45°C, respectively, is 92.0; 88.04 and 80.0%, and at a concentration 

of 150 mg/l - 98.0; 95.0 and 92.0%. Its high inhibitory properties can be explained by surface-

active properties. Preliminary tests were also carried out at the reservoir water-oil interface 

which made it possible to identify the possibility of using of this compound for reducing the 

surface tension in these systems that has a positive effect on oil production processes. 

Conclusion 

The performed studies allow us to conclude that the 1-methylene- (3-allyl-2-hydroxy-5-

octyl-2-phenyl) morpholinium chloride has high adsorption properties which is explained by the 

presence of various functional groups in its structure. Such compounds may be of interest from 

the point of their application in various fields of technology (corrosion inhibitors, reagents for 

the intensification of oil production processes, etc.). 
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