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Abstract 

New surfactants based on methyldietanolamine ester of fatty acids of 
soybean, castor, corn, olive oils and methyl iodide were synthesized 
according to the quaternization reaction scheme. The structure and 
composition of the obtained salts were confirmed by IR and UV 
spectroscopy. The resulting products were characterized by the most 
important physical-chemical indices. Electroconductometric measurements 
of aqueous solutions of the obtained salts were carried out. According to the 
obtained results, it was shown that with increasing concentration of 
surfactants, the values of electrical conductivity increase. Tensiometric 
measurements revealed a high surface activity of the synthesized products at 
the water-air interface and their colloido-chemical parameters (critical 

micelle concentration − CMC, surface tension of CMC − CMC, maximum 
adsorption − Гmax, minimum cross-sectional area of the molecule − Amin, 

surface pressure − CMC, adsorption efficiency − рС20, change in standard 

free micelle formation energy − Gmic, the Gibbs free energy of the 

adsorption process − Gad) were calculated. The research results show that, 
for each type of surfactant, with an increase in its concentration, the value of 
interfacial tension decreases and, at a certain concentration, these values 

stabilize (CMC). In laboratory conditions, the petroleum-collecting and 
petroleum-dispersing properties of the obtained salts were studied on the 
example of thin films (thickness 0.17 mm) of Pirallahi crude oil (from the 
oil field near Baku, the Caspian Sea) on the surface of 3 types of water 
(distilled, fresh and Caspian Sea). In the sea water, in the case of a 5% 
aqueous solution of the salt of aminoester of soybean oil fatty acids the 
maximum value of the petroleum-collecting coefficient is 30.4, and the KD 
is 97.5%. In the sea water, the methyl iodide salt of amino ester of castor oil 
fatty acids in undiluted form exhibits a petroleum-dispersing effect (KD 

97.8%,  - 5 days) 

Keywords:  petroleum-collecting, petroleum-dispersing, aminoester of castor, soybean, 
corn and olive oils fatty acids, methyldietanolamine, surface activity, 
specific electroconductivity 

Intoduction 
From the literature, it is known that triglycerides of vegetable oils are considered as ones of 

the most acceptable types of raw materials for the production of environmentally-friendly 
surface-active substances (surfactants) [1-5]. Asadov et al. [6-8] synthesized complex salts by 
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the interaction of fatty acids of vegetable oils with various amine compounds, and by 
quaternization of fatty acids aminoester. 

In triglycerides of soybean oil, of their fatty acids (in the form of residues), the majority 
(51-57%) is linoleic acid. It has an unbranched chain of carbon atoms and two isolated (non-
conjugated) double bonds, one of which is located between the 9th and 10th, and the second − 
between the 12th and 13th carbon atoms (9,12-octadecadienoic acid). By the position of the 
double bonds, this acid belongs to the omega-6 acid family. Having such a structure, linoleic 
acid is oxidized by atmospheric oxygen more easily than oleic acid. Castor oil is of great interest. 
A large portion of it (80-85%) is made up of viscous ricinoleic acid glycerides containing only 
one unsaturated bond in a huge molecule (12-hydroxy-9-cis-octadecenoic acid, which belongs to 
unsaturated omega-9 fatty acids and hydroxy acids). The rest is triglycerides of linoleic and oleic 
acids. In castor oil, the content of double bonds is small, its components do not polymerize. 
Olive oil has a significant content of oleic acid residues and it is one of the oils containing a large 
amount of cis-9-octadecenoic acid, belonging to the omega-9 unsaturated fatty acid group. From 
this point of view, the synthesis of ammonium salts based on vegetable oils, the study of oil-
collecting and oil-dispersing ability of these salts as well as the calculation of their surface-active 
parameters are of scientific and practical interest. 

For use as reagents that remove thin oil films from the water surface, complex salts of the 
amino ester of fatty acids of a number of vegetable oils — soybean, castor, corn and olive oils — 
have been synthesized. 

Experimental Part 
Aminoester of soybean oil fatty acids (AESOFA) was obtained on the basis of soybean oil 

in the form of a marketable product corresponding to GOST R 53510-2009 (manufacturer-
branch of Labinsky MEZ LLC MEZ Yug Rusi, Russia) and methyldiethanolamine (MDEA). 
Amino ester of castor oil fatty acids (AECaOFA) was obtained on the basis of castor oil in the 
form of a commercial product of Tula Pharmaceutical Factory LLC according to GOST LP-
001695 (Russia) and MDEA. Amino ester of corn oil fatty acids (AECoOFA) is derived from 
corn oil and MDEA. Olive oil fatty acid amino ester (AEOOFA) is derived from olive oil and 
MDEA. MDEA was used in the form of a reagent product of the “h” grade of the Olainen 
Chemical Reagents Plant (Latvia). Methyl iodide - CH3J (stabilized with copper shavings; TU 6-
09-3988-83) was used as a product of the "h" grade of the Shostka Chemical Reagents Plant 
(Ukraine). 

IR spectra were recorded on a Furye ALPHA spectrometer (manufactured by Bruker) at a 

wavelength of 600-4000 cm-1. UV spectra were recorded by spectrometer Specord UV VIS. The 

electrical conductivity () of aqueous solutions of the amino ester was measured by an Anion-

402 electroconductometer (Russia). Surface tension was determined at the air-water interface by 

a KSV Sigma 702 tensiometer (Finland) using a Du Nouy ring. 
The study of petroleum-collecting petroleum-dispersing ability of synthesized surfactants 

was carried out in laboratory conditions according to the method described in [9]. The oil-
collecting ability was characterized by the collecting coefficiant - K (the ratio of the initial 
surface area of the spilled petroleum film to the surface area of the thickened petroleum spot 

formed under the influence of the reagent) and the retention time of the collected petroleum - . 
The effectiveness of the reagent when dispersing the petroleum film was characterized by the 
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degree of purification of the water surface — KD (in percentage). 

Results and Discussions 
The synthesis of the quaternary ammonium salt of the amino ester obtained from MDEA 

and triglycerides of soybean, castor, corn and olive oil with iodomethane was carried out at 
equimolar amounts of the components. The reaction is carried out at 55-60

0
C for 15-16 hours. 

The resulting salts are usually viscous liquids. Their color changes from brown to dark-brown. 
The general reaction scheme for obtaining these ammonium salts can be represented as 

follows: 

 
The obtained complex salts dissolve well in ethyl alcohol, ethyl acetate and acetone, 

partially- in water.  

The structure of the obtained salts is confirmed by IR and UV spectroscopy. 
Fig. 1 shows the IR spectrum of the AECaOFA salt with methyl iodide. The spectrum 

shows the stretching valent vibration band of O−H bond in OH group at 3361.56 cm
-1

, the 
stretching valent vibration band of =CH at 3008.40 cm

-1
, the stretching valent vibration bands of 

C−H bonds in the CH3, CH2 and CH groups at 2923.21-2853.44 cm
-1

, the stretching vibration 
valent  band of С=О at 1735.98 cm

-1
, the stretching deformational vibration bands of С−Н in the 

СН3, СН2 and СН groups in the region of 1463.11-1377.97 cm
-1

, the stretching valent vibration 
bands of C−N bond at 1242.41 and 1166.25 cm

-1
, the stretching valent vibration bands of the 

bond С−О in the С−ОH group at 1080.47 and 1045.43 cm
-1

, the pendulum vibration band 

(CH2)x at 722.99 cm
-1

. 

 
Fig. 1. The IR spectrum of the salt of the amino ester AECaFA with iodomethane 
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Fig. 2 shows the IR spectrum of the salt AESOFA with methyl iodide. The spectrum shows 
the stretching valent vibration band of O−H bond in OH group at 3374.78 cm

-1
, the stretching 

valent vibration band of =С-Н at 3008.81 cm
-1

, the stretching valent vibration bands of С-H 
bonds in the СН3, СН2 and СН groups at 2922.71-2853.19 cm

-1
, the stretching valent vibration 

band С=О at 1737.86 cm
-1

, bands of C−H stretching deformational vibrations in the groups of 
CH3, CH2 and CH in the region of 1463.61-1378.39 cm

-1
, stretching valent bands of CN at 

1242.25 and 1165.26 cm
-1

, stretching valent bands of C−O bad in the C−OH group at 1082.66 
and 1046.32 cm

-1
, the band of pendulum vibrations (CH2)x at 722.14 cm

-1
. 

 
Fig. 2. IR spectrum of the salt of aminoester AESOFA with iodomethane 

The UV spectrum of the salt of aminoester AESOFA with iodomethane is illustrated in 
Fig. 3. 

 
Fig. 3. UV spectrum of the salt of aminoester AESOFA with iodomethane 
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In this UV spectrum, at 206 nm, the band of n→σ* transition in ammonium fragment and, 

at 217 nm, the band of J
-
 anion are observed.  The band at 287 nm may be related to ester 

fragment.   

Fig. 4 shows the IR spectrum of the salt of AEOOFA with methyl iodide. The spectrum 

shows the stretching valent vibration band of =С−Н at 3005.82 cm
-1

, the stretching valent 

vibration bands of С-H bonds in the СН3, СН2 and СН groups at 2922.00-2852.85 cm
-1

, the 

stretching valent vibration band of С=О at 1739.20 and 1711.03 cm
-1

, the bands of bending 

vibrations of CH in the groups of CH3, CH2 and CH in the region of 1463.50-1377.96 cm
-1

, the 

bands of stretching valent vibrations of C−N bond at 1243.10 and 1167.37 cm
-1

, the bands of 

stretching valent vibrations of C−O band in the C−OH group at 1085.85 and 1046.95 cm
-1

, 

pendulum oscillation band (CH2)x at 722.09 cm
-1

.  

 
Fig.4. IR spectrum of the salt of AEOOFA with iodomethane 

In Fig.5, UB spectrum of the salt of aminoester AEOOFA with iodomethane is 

demonstrated. In this spectrum, at 205 nm, the band of ammonium fragment (n→σ* transition), 

at 230 nm, the band of  J
-
 anion and at 271 nm, band from ester fragment are seen. 
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Fig.5. UB spectrum of the salt of aminoester AEOOFA with iodomethane 

Electroconductometric measurements of aqueous solutions of the obtained salts were 

carried out at 20-24
0
С. With increasing concentration of surfactants, the values of electrical 

conductivity increase. Fig.6 shows the dependence of the electrical conductivity of aqueous 

solutions of methyl iodide salts on the concentration of surfactants. 

 
Fig. 6. The dependence of the electrical conductivity () on the concentration of the methyl 

iodide salts of vegetable oils fatty acid amino esters 
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As can be seen from the figure, with an increase in concentration - C, the value of "" 

increases. 

The critical micelle concentrations (CMC) obtained from the  − C graph (at the bend 

point) are close to the CMC values obtained by measurements of surface tension. According to 

the well-known formulas [10], the values of the degree of counterion binding — β (Table 1) 

were calculated: 

 = 1- = 1 - S2S1 

where  is the degree of dissociation of the surfactant, S1 and S2 are the slopes before and after 

the CMC. The value of α for AESOFA is 0.707, AECaOFAM − 0.695, AECoOFA − 0.939 and  

AEOOFA − 0.942. 

Fig.7 shows the surface tension isotherms of aqueous solutions of the synthesized salts at 

25-30
0
C temperature. The research results show that, for each type of surfactant, with an increase 

in its concentration, the value of interfacial tension decreases and, at a certain concentration, 

these values stabilize (CMC). With a change in concentration, a sharp decrease in surface 

tensionis observed and, at some point, its stabilization occuers which is associated with CMC. 

CMC characterizes one of the most important properties of surfactants - the formation of 

micellar solutions, which is the energy characteristic equilibrium of the association of surfactant 

molecules in a solution. The determination of CMC is important for colloid-chemical studies of 

the structure of surfactant solutions.  

 
Fig.7. Isotherms of surface tension at the water-air interface in the presence of salts of amino 

esters of fatty acids of vegetable oils with methyl iodide 

From Fig.7, the dγ / dlnC value was determined by a graphical method. Substituting this 

value in the Gibbs equation [10], the adsorption value − Г is calculated: 
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where d / dlnC is the surface activity (the slope of the dependence of γ on lnC at a constant 

temperature - T)  R is the universal gas constant (8.314 Jmol
-1

 • K
-1

); n is the number of ions 

formed during the dissociation of surfactants. In both cases n = 2, this follows from the structure 

of the ammonium salt. The excess surface concentration during surface saturation is the 

maximum value that adsorption (Gmax) can achieve, and it is an important indicator of the 

efficiency of adsorption of surfactants at the liquid-gas or liquid-liquid interface. 

Knowing the maximum adsorption, the minimum cross-sectional area of the polar group of 

synthesized surfactants may be calculated according to the formula [10]: 

Amin = 10
16

/NAmax 

where NA is the Avogadro number (6.02310
23

). 

The efficiency of reducing the surface tension (CMC) at the water-air interface is 

determined by the formula 

CMC = 0 - CMC 

where 0 is the surface tension in the absence of surfactant, CMC is the surface tension at the 

interface of an aqueous solution of surfactant - air at CMC. Table 1 shows the calculated values 

of Gmax, Amin and CMC. 

Table 1.  Colloido-chemical parameters of surfactants obtained on the basis of amino esters of 

fatty acids of vegetable oils and methyl iodide 

Ammonium 

salt 

 

β 
CMC10

-4
, 

moldm
-3

 

Gmax10
10

, 

molsm
-2

 

Аmin10
-2

, 

nm
 2
 

ККМ, 

mNm
-1

 

CMC, 

mNm
-1

 
рС20 

Gmis, 

kJ mol
-

1
 

Gad, 

kJ mol
-

1
 

AESOFA 0.293 4.78 2.10 79.10 27.3 43.5 4.85 -37.11 -57.85 

AECaOFA 0.305 1.86 2.17 76.63 29.7 40.4 4.92 -40.50 -59.13 

AECoOFA 0.061 9.58 2.27 73.23 28.4 42.2 4.65 -28.53 -47.13 

AEOOFA 0.058 1.91 2.30 71.99 27.0 44.5 5.15 -26.66 -45.94 

The value of efficiency (pC20), which characterizes the concentration at which the surface 

tension decreases by 20 mN / m, is calculated by the equation [10]: 

pС20=-lgC(-=20) 

The higher the pС20 value, the more effectively this surfactant is adsorbed on the surface 

and more effectively reduces the surface tension at the same concentration. 

From the literature, it is known that for ionic surfactants, the change in Gibbs free energy 

of  micelle formation (Gmis)  is calculated by the equation [10]: 



Z.H. ASADOV,  N.V. SALAMOVA, S.K. EYYUBOVA ,… 

www.ppor.az 396 

Gmic = (2-)RTlnCMC  

where lnCMC is the surfactant concentration at the CMC point. 

The Gibbs free energy of the adsorption process (Gad) at the water-air interface is 

calculated by the following equation [10]: 

Gad = (2-)RTlnCMC – 0.6023CMCACMC 

The found values of Gmic and Gad are given in Tab. 1. From these data, it can be 

concluded that the micelle formation process has a spontaneous nature (Gmis˂0). 

All the found values of Gad are negative. In addition, they are more negative than Gmic, 

i.e., the adsorption of these surfactants at the water-air interface is associated with a larger 

decrease in the free energy of the system. 

In laboratory conditions, the petroleum-collecting and petroleum-dispersing properties of 

the obtained salts were studied on the example of thin films (thickness 0.17 mm) of Pirallahi 

crude oil (near Baku, the Caspian Sea) on the surface of 3 types of water (distilled, fresh and 

Caspian Sea). The results of these studies are given in Tab. 2. 

From Tab. 2, it is seen that all four ammonium salts have petroleum-collecting and 

dispersing abilities. In the sea water, in the case of a 5% aqueous solution of AESOFA salt, the 

maximum value of the petroleum-collecting coefficient is 30.4, and the KD is 97.5%. The same 

salt (undiluted) in sea water and, in both forms of use, in fresh water, is mainly a dispersant            

(KD = 97.8%;  - 3 days). The salt AECaOFA in distilled water in undiluted form exhibits 

petroleum-collecting effect (Kmax 40.5), and in fresh water - mixed petroleum-collecting-

dispersing effect (Kmax 24.3, KD 97.8%,, - 3 days). In the sea water, in both forms of use, this 

reagent is a dispersant (KD 97.8%;  - 3 days). The AECoOFA salt in distilled and fresh waters, 

in undiluted form, displays a mixed effect (Kmax 20.3, KD 91.3% and 91.1%  -3 days), and 

petroleum-dispersing effect in sea water (KD 93.4%;  ~ 4 days). The AEOOFA salt in the sea 

water is a petroleum collector (Kmax 18.7;  - 2 days), and, in fresh water, it exhibits a mixed 

petroleum-collecting effect (Kmax 17.6, KD 91.1%,  ~ 3 days). 

Conclusion 

With the goal of eliminating environmentally-hazardous thin oil films from the water 

surface new quaternary salts, based on methyldiethanolamine ester of vegetable (castor, soybean, 

corn and olive) oil fatty acids and metyl iodide were synthesized and studied as cationic 

surfactant. In the sea water, in the case of a 5% aqueous solution of AESOFA salt, the maximum 

value of the petroleum-collecting coefficient is 30.4, and the KD is 97.5%. The salt AECaOFA 

in the sea water in undiluted form, exhibits a petroleum-dispersing effect (KD 97.8%,  - 5 days). 
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Table 2. Results of studies of petroleum-collecting and dispersing ability of the salts synthesized 

on the basis of amino esters of fatty acids of the vegetable oils and methyl iodide; 

Pirallahy crude oil 
Reagent 

water 

Distilled water Fresh water Sea water 

, hour К(KD) , hour К , hour К 

AESOFA salt 

100% 

product 

0 

1.0-72.0 

96.0-119.0 

30.4 

60.8 

24.0 

 

0 

1.0-23.0 

46.0 

72.0 

6.8 

97.8-91.3% 

91.1% 

Spilled 

0 

1.0-46.0 

72.0 

8.7 

97.8-95.6% 

Spilled 

5% water 

solv. 

0 

1.0-4.0 

23.0-96.0 

6.0 

30.4 

3.7 

0 

1.0-23.0 

46.0 

97.8% 

95.6% 

8.6 

0-0.5 

3.0-5.0 

23.0-119.0 

97.8-93.4% 

30.4 

19.4 

AECaOFA salt 

100% 

product 

0 

1.0-119.0 

 

 

30.4 

40.5 

0 

1.0 

3.0-46.0 

72.0 

     17.4 

24.3 

97.8% 

Spilled 

0-119.0 

 

 

97.8% 

 

5% water 

solv. 

0 

5.0-46.0 

72.0 

11.5 

97.8% 

Spilled 

0 

1.0-46.0 

72.0 

94.6% 

97.8% 

Spilled 

0 

0.5-5.0 

23.0 

97.8% 

95.6% 

Spilled 

AECoOFA salt 

100% 

product 

0 

1.0-5.0 

23.0 

70.0 

20.3 

91.3% 

50.0% 

Spilled 

0-1.0 

5.0-46.0 

72.0 

20.3 

91.1% 

Spilled 

0-70.0 

94.0 

93.4% 

Spilled 

 

5% water 

solv. 

0 

1.0 

5.0 

23.0 

19.4 

4.0 

2.2 

Spilled 

0 

1.0-5.0 

23.0 

46.0 

15.2 

17.4 

15.2 

Spilled 

0 

1.0-23.0 

46.0 

91.3% 

93.4% 

Spilled 

AEOOFA salt 

100% 

product 

0 

1.0-5.0 

23.0-46.0 

70.0 

10.1 

91.3% 

91.1% 

Spilled 

0 

1.0-5.0 

23.0-46.0 

70.0 

13.1 

17.6 

Disp.91.1% 

Spilled 

0 

1.0-5.0 

23.0 

46.0 

12.0 

18.7 

16.8 

Spilled 

5% water 

solv. 

0-5.0 

23.0-46.0 

70.0 

 

11.0 

91.1%  

Spilled 

0-5.0 

23.0-46.0 

14.0 

Spilled 

0 

1.0-5.0 

23.0 

46.0 

12.0 

18.7 

16.8 

Spilled 
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