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Abstract 

New surface-active polymeric reagents have been synthesized on the basis 

of octylethylolammonium ethanoate, pentanoate and caprinate salts and 

partially (50% mol) neutralized polyacrylic acid. Composition and 

structure of these reagents have been identified by IR, UV and NMR 

spectroscopy methods. By tensiometric measurements, their high surface 

activity at the water-air border has been shown. By electroconductometric 

method, specific electrical conductivity of the aqueous solutions of the 

complexes has been determined. Derivatogram of polymer complex of n-

octylethylolammonium caprinate complex with neutralized polyacrylic acid 

according to the thermoravimetric have been identified. The diameters of 

the aggregates formed by the synthesized surfactants in aqueous solutions 

have been determined via dynamic light scattering method Petroleum-

collecting properties of the synthesized complexes (in the pure state and in 

the form of 5% wt. aqueous solution) have been studied on the example of 

crude oil from the Pirallahi oil field in the Absheron Peninsula 

(Azerbaijan). The surfactant (0.02 g) or its solution was added to a thin 

film (thickness 0.15-0.16 mm) of this petroleum on the surface of distilled 

water, fresh water and the Caspian Sea water (separately) in Petri dishes. 

By laboratory tests, their effectiveness for removal of ecologically-

hazardous thin petroleum films from the water surface has been revealed 

Keywords: catanionic surfactants, polymeric reagents, dynamic light scattering, 

petroleum-collecting 

Introduction 

Recent years intensive work was carried out on exploration of hydrocarbonic raw material 

on shelves of the seas. At the same time, there is information on pollution of sea water as a result 

of drilling operational wells, extractions, transportations, storages and realizations of crude oil 

and oil products [1-4]. 

Till now it has not been found out, what amount of petroleum leakage is caused by 

anthropogenous pollution and what amount has a natural origin. Apparently, the greatest amount 

of petroleum from a land enters the seas by the rivers with household drains and a dirt which is 

washed off into the water drain from city territories. With industrial drains into the sea,  0.3 mln 
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tons petroleum, and with drains of oil refining plants almost 0.2 mln tons of petroleum get 

annually.  

Even at absence of spills of petroleum because of outflow from numerous wells and 

drilling platforms, approximately 0.1 mln tons are lost. For recent 30 years, in the World ocean, 

more than 2000 wells have been drilled [5-7]. 

In addition to these data, we shall notice that in some coastal areas petroleum layers are 

located so close to the ocean bottom that crude petroleum filters from them and pollutes layers of 

water and the surface of the sea. As a whole, the amount of petroleum entering the ocean as a 

result of natural infiltration is as much as at various failures and accidents. 

100-200 l of petroleum can cover 1sq. km of the surface of sea with a film of thickness 0.1 

mm. The most intensive evaporation occurs within several first hours. Crude petroleum is 

possible to fire only during half an hour after spilling until it incorporates to water. By the end of 

the first day, 50% of petroleum evaporate. During evaporation which proceed some months, and 

possibly years, viscosity of petroleum becomes increased so that resinous substance are formed. 

Getting into the environment, petroleum and products of its processing not only ruin flora 

and fauna, but also directly harm health of humans. Presence of petroleum in the sea water 

brings death of to roe and larva of fish, pollutes plumage of the sea birds that have appeared in 

the zone of petroleum slick.  

In connection with the above-described, creation of the reagents having collecting and 

dispersing ability in relation to a thin petroleum film spilled on the water surface [8-11] is actual. 

As is known, surface-active substance (SAS), due to specificity of the structure consisting 

in presence in the molecule of simultaneously lipophylic hydrocarbonic residue and hydrophylic 

group, are capable to modify a surface, giving to it necessary surface-active properties.  

Experimental Part 

As initial substances for obtaining surface-active polymeric complexes showing 

petroleum-collecting activity based on octylethylolammonium ethanoate (OEAE), 

octylethylolammonium pentanoate (OEAP) and octylethylolammonium caprinate (OEAC) salts 

along with partially (50%) neutralized polyacrylic acid (NPAA) were used. They were taken at 

equimolar ratio: 

 

 
where R is- CH3, C4H9 and (CH2)8CH3. 

The components of reactions were mixed, closed well and placed in a thermostat at the 

temperature 54°C for a period 18 hours. The obtained complexes OEAE, OEAPn and OEAC are 

generally viscous liquids and solids. Their colors vary from white to yellowish.  
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Results and Discussions 
Composition and structure of the polymeric reagents have been identified by IR (Fig.1), 

NMR (Fig.2) and UV (Fig.3) spectroscopy methods. IR-spectra were recorded by spectrometer 

FT-IR, Spectrum BX (Perkin Elmer) using KBr disks. 

 
Fig. 1. IR spectrum of OEAE complex  with NPAA 

IR, cm
–1

: 2840.9 v (C-H), 1904.9 v (N
+
H), 1775.2  (COOH) and, 1646.7 v C(O)O

-
, 

1578.9  (N
+
H), 1430.7  (CH) and 696.6 (CH2)x “pendulum” vibrations. 

 
Fig. 2. 

1
H NMR spectrum of OEAC complex  with NPAA 
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In the 
1
H NMR spectrum (Fig.2)  resonant proton signals are seen at 0.72 ppm from CH2 

(alkyl), 1.33 ppm from CH2OH, 1.70 ppm N
+
 -CH2, 1.87 ppm from CH2COO

-
, 2.73 ppm from 

CH2-CH, 3.72 ppm from O-CH2 and 4.74 ppm from CH2-OH. 

 

 
Fig. 3. UV spectrum of OEAPn complex with NPAA 

The UV spectrum (Fig. 3) recorded on a Specord UV VIS spectrometer shows a band at 

210 nm due to the ammonium fragment.  

The diameters of the aggregates formed by the synthesized surfactants in aqueous 

solutions have been determined via dynamic light scattering (DLS) method (Fig.4).  

 

a) 
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b) 

Fig. 4. DLS measurements of the size distributions for OEAC complex with NPAA at different 

concentrations (concentration, wt %: (a) 0.1, (b) 0.3) 

As can be seen from the histogram of a 0.1% (wt.) aqueous solution of the obtained 

polymer-surfactant complex, the sizes of the aggregates of the complex are in the range from 

1721.1 nm to 6000 nm. The largest share (18.18%) is made up of aggregates with a size of 

3904.5 nm. Mode is a value of nm. The median corresponds to 3224.0 nm. Geometrically, the 

average size is 2790.4 nm. The size dispersion is 1.1881 nm
2
, the standard deviation is 1.8776 

nm. The diffusion coefficient is 1.222810
-13

 m
2
/s. The refractive index of the particles is 1.361. 

In the case of a solution of 0.3%, the sizes of the aggregates vary in the range of 100.0-

3409.0 nm. The maximum size is 1980.0 nm (8.205 % of all values); the mode is 1869.3 nm. 

The median corresponds to 830.3 nm. Geometrically, the average aggregate size is 686.5 nm. 

The size dispersion is 1.5956 nm
2
, the standard deviation corresponds to 2.8214 nm. The 

diffusion coefficient corresponds to a value of 4.758310
-13

 m
2
/s. The refractive index of the 

particles is 1.361. 

A comparison of the corresponding values for the two solutions leads to the following 

conclusions. With an increase in concentration from 0.1 to 0.3%, the lower limit of the interval 

of the size of aggregates decreases from 172.1 down to 100.0 nm, the upper limit decreases from 

6000.0 nm down to 3409.0 nm. Unimodal distribution of sizes becomes replaced by bimodal 

one. In the case of 0.3% wt. solution, the second peak corresponds of the size 225.8nm (5.524%). 

Mode is lowered from 3617.5 down to 1869.3 nm, median - from 3224.0 nm to 830.3 nm. 

Geometrical mean decreases from 2790.4 to 686.5 nm. The size dispersion increases from 

1.1881 to 1.5956 nm
2
, the standard deviation – from 1.8776 to 2.8214 nm. The diffusion 

coefficient increases, the refractive index remains the same. 

Surface tension of the synthesized surfactants was determined using Du Nouy ring 

tensiometer (KSV Sigma 702, Finland). 0.00025–0.1% wt. aqueous solutions of the surfactants 

were prepared and after 24 h their surface tension was determined at 25 °C. For preparing these 

solutions, deionized water was used. The surface tension of this water at the border with air at 
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25°C equaled 72.1 mN/m. The deviations at these measurements were less than ±0.2 mN/m. A 

high surface activity of aqueous solutions of the synthesized products was revealed (at 0.2% -

57.5, at 0.025%-24.3 mN/m; without surfactant 72.0 mN/m) (Fig.5). 

 
Fig. 5. Surface tension plots of NPAA complexes with OEAC (1) , OEAPn (2) or OEAC (3) in 

aqueous solution at 25 °C versus concentration of polymer complex 

Specific electrical conductivity-κ values of the aqueous solutions of the polymer 

complexes have been determined using Anion-402 conductometer (Russia). After 48 h since 

preparation of 0.001–0.1% wt. aqueous solutions their specific electrical conductivity was 

measured. Specific electrical conductivity of deionized water used for preparing the mentioned 

solutions at 25 °C was equal to 1.2–2.2 μS/cm. The error of these measurements was ±0.3 

μS/cm. κ of NPAA-DDPAPn increases as the concentration (% wt.) of the solution increases 

(19°C): 0.025%  139.4; 0.075%  369.1; 0.1%  524.2; 0.5%  2516.4; 0.7%  4060.4 μS/cm (Fig.4). 

 
Fig. 6. Plots of specific electrical conductivity versus concentration of NPAA polymer 

complexes with OEAE (1), OEAPn (2) or OEAC (3) in aqueous solutions at 25 °C 
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Derivatogram of polymer complex of n-octylethylolammonium caprinate complex with 

NPAA-50 according to the thermoravimetric (TG) have been identified by DTG (Fig.5) 

methods. DTG spectra were recorded by derivatograph STA-449 F3 (Germany, “Netzch”) in an 

inert (nitrogen) environment. 

Derivatogram of polymer complex of n-octylethylolammonium caprinate complex with 

NPAA-50 according to the thermoravimetric (TG) curve, 4 areas are distinguished in the 

derivatogram. In area 1, mass loss was defined as 5.99% according to the Marsh method. The 

temperature range is 39.5-65.0 ˚C. The average point for mass loss is 47.3 ˚C and the bending 

point is 63.6 ˚C. 

Area 2 covers the range 113.1–164.8 ˚C. The mass loss in this area is 7.08%. The average 

point for mass loss is 147.6 ˚C and the bending point is 135.2 ˚C. 

Area 3 refers to the 206.7-223.3 ˚C range. The mass loss in this section is 0.26%. In terms 

of mass loss, the average point is 215.0 ˚C, and the bending point is 222.2 ˚C. 

Area 4 corresponds to temperature range of 113.1–164.8 ˚C. The mass loss in this range is 

0.83%. The average loss point is 355.4 ˚C and the bending point is 402.3 ˚C. The total mass 

loss, including this area, is 21.8%. It is interesting that, when the temperature reaches 647.8 ˚C, 

the residual mass is 83.52%. 

The differential termoravimetric (DTG) curve shows that the rate of the mass flow is the 

highest in the second area. At 135.7 ˚C, the rate of destruction is maximum and equals 9.97% 

minutes. 

According to differential thermal analysis (DTA) curve 2 complex peaks are recorded. The 

first peak is of endo character and covers 3 areas. This peak is observed at 147.8 ˚C. Its starting 

point is 20.7 ˚C and the end is 181.2 ˚C. The peak width is 171.1 ˚C. The peak height is 0.828 

mkV / mg. The area below the peak is 337.7 mkV / mg. 

The second complex peak is located in the 4th area and beyond it. This peak is of exotype 

and appears at 387.2 ˚C. The beginning of the peak corresponds to 334.8 ˚C and the end is at 

432.7 C. The peak width is 61.9 ˚C and the height is 0.705 mkV / mg. This peak area is -47.96 

mkV / mg. 

Petroleum-collecting properties of the synthesized complexes (in the pure state and in the 

form of 5% wt. aqueous solution) have been studied on the example of crude oil from the 

Pirallahi oil field in the Absheron Peninsula (Azerbaijan). The surfactant (0.02 g) or its solution 

was added to a thin film (thickness 0.15-0.16 mm) of this petroleum on the surface of distilled 

water, fresh water and the Caspian Sea water (separately) in Petri dishes. The maximum values 

of the petroleum collecting coefficient (K) are calculated using the formula K = So/S, where So is 

an area of the surface of initial petroleum film and S is an area of the surface of accumulated 

petroleum (as a thickened spot). Since the moment of the surfactant application observations are 

carried out with measurement of the spot surface area and determination of the K values at fixed 

time intervals. The tests were carried out in three types of water having various degrees of 

mineralization (Tab. 1). 
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Table 1. Petroleum-collecting properties of the surfactant-polymeric complexes based on NPPA, 

OEAE, OEAPn and OEAC 

Surfactant  Distilled water Fresh water Sea water 

τ, h K τ, h K τ, h K 

Polymer complex of  OEAE with NPAA 

Undiluted 

product 

0-0.5 

1.0-2.0 

3.0-15.0 

24.0-168.0 

30.5 

53.2 

60.8 

79.5 

0-0.5 

1.0-2.0 

3.0-15.0 

24.0-168.0 

38.7 

45.6 

58.9 

60.8 

0-0.5 

1.0-2.0 

3.0-15.0 

24.0-168.0 

30.5 

58.7 

60.8 

80.5 

5% wt. solution 0-0.5 

1.0-2.0 

3.0-168.0 

38.7 

40.5 

76.4 

0-0.5 

1.0-2.0 

3.0-168.0 

40.5 

56.3 

60.8 

0-0.5 

1.0-2.0 

3.0-168.0 

38.7 

60.8 

79.8 

Polymer complex of  OEAPn with NPAA 

Undiluted 

product 

0-0.5 

1.0-2.0 

3.0-15.0 

24.0-168.0 

40.5 

58.9 

60.8 

80.2 

0-0.5 

1.0-2.0 

3.0-15.0 

24.0-168.0 

30.5 

40.5 

55.7 

60.8 

0-0.5 

1.0-2.0 

3.0-15.0 

24.0-168.0 

40.5 

55.2 

62.5 

80.5 

5% wt. solution 0-0.5 

1.0-2.0 

3.0-168.0 

30.5 

40.5 

80.6 

0-0.5 

1.0-2.0 

3.0-168.0 

40.5 

58.9 

60.8 

0-0.5 

1.0-2.0 

3.0-168.0 

30.5 

61.7 

80.6 

Polymer complex of  OEAC with NPAA 

Undiluted 

product 

0-0.5 

1.0-2.0 

3.0-15.0 

24.0-168.0 

40.5 

58.9 

60.5 

79.6 

0-0.5 

1.0-2.0 

3.0-15.0 

24.0-168.0 

30.5 

40.5 

56.1 

80.7 

0-0.5 

1.0-2.0 

3.0-15.0 

24.0-168.0 

40.5 

58.9 

60.8 

80.5 

5% wt. solution 0-0.5 

1.0-2.0 

3.0-168.0 

30.5 

42.7 

80.6 

0-0.5 

1.0-2.0 

3.0-168.0 

30.5 

58.9 

60.8 

0-0.5 

1.0-2.0 

3.0-168.0 

35.9 

62.5 

80.6 

Conclusion 

These surfactants have a high petrocollecting capacity. When applied in unthinned form 

and used as a 5% aqueous dispersion, the polymeric complexes demonstrate high values of 

petrocollecting coefficient. Maximum value of K equals 80.6, the time of the reagent action 

exceeding 192 hours 
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