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An investigation into the synthesis and characterization of surfactants produced by
polyethylenepolyamine with dodecanoic, tetradecanoic and hexadecanoic and has been carried
out scientifically. IR and UV spectroscopies was utilized in this study to clarify the structure and
makeup of the resultant Gemini surfactants. A Tensiometer was used to measure surface tension
at the air-water interface while examining several aqueous solutions that contained these Gemini
surfactants. Using the same methodology, the electrical conductivity of these solutions was also
determined. A number of essential surface activity characteristics were computed and compared in
order to determine the relationship between surface tension and concentration as well as electrical
conductivity and concentration. These characteristics include the minimum surface area for a single
surfactant molecule, the maximal adsorption (Fmax), the surface pressure (rcmc), and the Critical
Micelle Concentration (CMC). Besides that, from the dependence of electrical conductivity through
concentration change in Gibbs free energy of micellization and adsorbtion has been determined.
Finally, petrocollecting and petrodispersing properties of the surfactants have been measured.

KEY WORDS: dodecanoic acid, tetradodecanoic acid, hexadecanoic acid, polyethylene-
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lMonuamunexnonuamuHHiH 0o0eKkaHObIK, mempadeKkaHObIK XoHe eekcadeKkaHObIKMEH OH-
dipinemin 6emmik 6erceHdi 3ammapObiH CUHME3i MeH curiammamachiH 3epPMMey XXOHe FbiflbIMU
mypOe Xypei3indi. byn sepmmeyde anbiHFaH Gemini 6emmik 6esiceHdi 3ammapObiH KypblbIMbl
MeH KypaMbiH Hakmbinay ywiH UK xeHe YK cnekmpockonusinapsi natdanaHbelidbl. Ocbl Gemini
b6emmik 6ernceHdi 3ammapsbi bap bipHewe cyrbi epimiHdinepdi 3epmmey Ke3iHOe aya-cy uHmep-
¢peliciHOeai 6emmik kepinydi enwey ywiH meHcuomemp naddanaHbindbl. Con adicmeMeHi Kor-
OaHa omblpbir, 6yn epimiHOinepdiH anekmp emkidziwmiai 0e aHbikmandsl. bemmik kepiny meH
KOHUeHmpauusi, coHoali-aK 351eKmp emki3eimik neH KoHUeHmpauyusi apacbiHOarb! balinaHbicmbl
aHblkmay ywiH 6ipkamap maHbI30bl 6emmik 6enceHdinik cunammamarnapbl ecenimenoi XoHe ca-
nbicmeipbindsl. byn cunammamanapra 6ip 6emmik 6enceHdi 3am MoneKynacklHbIH MUHUManob!
6emiHiH aydaHbl, Makcumandbl adcopbuyus (Fmax), 6emmik KbiCbiM (TTCMC) XoHe KpumuKaribiK
muuyenna koHyeHmpauusicel (CMC) xamadsbi. CoHbiMeH kamap, [u66cmiH 60c 3HepausiCbIHbIH
KOHUEeHmMpayusicbiHbIH 632epyiHe balnaHbicmbl 31€eKmMp emkidziwumieiHid Muyennudayusi MeH ad-
copbuyusira mayendiniei aHbiIkmandbl. CoHbiHOa 6emmik 6ericeHOi 3ammapdbiH MyHal XUHay XoHe
MyHal mapamy Kacuemmepi esweHOI.
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lposedeHbI Hay4Hble uccriedo8aHuUsi CUHMe3a U XxapakmepucmuKu Mo8epXHOCMHO-aKmMUBHbIX
geuwjecms, Mosy4YeHHbIX Ha OCHo8ernonuamueHnonuamuHa ¢ dodekaHogol, mempadekaHo8oU
u eekcadekaHoeoli kucriomamu. B amom uccnedosaHuu ¢ ucrionb3osaHuem VK- u Y®-cnekmpo-
ckonuubblna nposedeHa udeHmugukayusi Onsi 8bISCHEHUS CMPYKMypbl U COCMasa rnosy4eHHbIX
«2eMUHU» N0BEPXHOCMHO-aKmMuUBHbIX seujecms. TeH3uoMemp Ucronb308arcs 051 U3MEPeHUsI
108ePXHOCMHO20 HAMSIXXeHUSs Ha epaHuue pasderna 8030yx-800a rpu uccriedosaHuU pasnuyHbIX
B800HbIX pacmeopos, codepxaujlx no8epxHOCMHO-aKmueHbIle gseujecmea «2emMuHuy muna. o
amol e Mmemoduke bbina ornpederneHa u 371eKmpornpo8oOHOCMb 3MUX pacmeopos. P50 8axHbIX
rnokasamersneul nogepxHOCmMHoOU akmueHocmu 6blis1 8bIHUCIIEH U CpasHeH, 4Ymobbl onpedenumsb
83aUMOC8sI3b MeX0y 108epPXHOCMHbLIM HamsXKeHUeM U KOHUeHmpauyuel, a makxe 3/1eKmporpo-
800HOCMbIO U KOHUEeHmpauyuel. 3mu xapakmepucmuKu 8KIoYarom MUHUMabHy nnouw,adb
nosepxHocmu 0Os1s1 0OHOU MOJIEKY1bl M08EPXHOCMHO-aKmMUBHO20 8ewecmea, MakcuMarbHyro
adcopbuyuto (Fmax), mosepxHocmHoe OaeneHue (TTKKM) U KpUmUYecKyr KOHUEeHmpauyuto Muyer-
noobpasosaHue (KKM). Kpome moeo, no 3agucumocmu 3r1eKmpornpo8oOHOCMU Om U3MEHEHUS
KOHUeHmpauuu onpedesnieHa c8ob00Hast sHepausi [ubbca muyennoobpasoeaHusi u adcopbyuu.
B sakmodeHuu, bbinu uccnedosaHbl Heghmecobuparoujue u Hegpmeducriepaupyrouue ceolicmaa
108€pXHOCMHO-aKMUBHbLIX 8eLECMS.

KJITOYEBBbIE CJIOBA: dodekaHosas Kucrioma, mempadodeKkaHosas Kucrioma, 2ekcadeka-
Hoeasi Kucsioma, rnoau3MmMuUIeHnonuaMuH.

all fields of national economy, medicine, science and everyday life. They are

diphilic in nature and consist of hydrophilic and hydrophobic parts [1]. For this
reason, surfactants are adsorbed at the boundary between two phases and exhibit different
properties. In the proposed work, it is intended to obtain new surfactants based on fatty
acids, that is, higher aliphatic monobasic carboxylic acids and polyethylenepolyamine.
Fatty acids, being a component of triglycerides in natural oils, belong to ecologically
harmless and renewable types of raw materials. This creates a serious basis that the
surfactants to be purchased will be significantly safer for the environment. The use of
polymers makes it possible to synthesize surfactants with a traditional structure, i.e. one
hydrocarbon chain, and "gemini" surfactants, i.e. surfactants with two or more hydrocarbon
chains. "Gemini" type surfactants have recently been the focus of experts' attention [2-
5]. To differentiate Gemini surfactants from traditional types, certain parameters must be
considered. These include hydrophilic-lipophilic balance, critical micelle concentration
(CMC), Kraft temperature, and molecular packing parameter. CMC represents the
concentration at which micelle formation occurs [6]. Gemini surfactants typically exhibit
CMC values 10-100 times smaller than those of traditional types [7].

The amphiphilic nature of surfactants is pivotal to their wide array of practical
applications. These applications encompass detergents [8], personal hygiene products
[9], additives in paints and coatings [10], biocides, agrochemicals, the food industry,
oil recovery [11] and environmental protection (utilized in oil residue treatment and
explosives [12-15].

Their different structure from traditional surfactants, that is, the presence of several
hydrocarbon groups, provides a number of unique properties, for example, the formation
of micelles in very small concentrations, lowering the surface tension at the boundary
between phases, and the possibility of obtaining lower costs of surfactants [16-17]. As
dimer (Gemini) surfactants show better properties than their traditional ones, application

ntroduction. In modern times, surface-active substances are widely used in
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areas of them are more such as enhanced oil recovery, remediation of oil spill, demulsifying
agent, detergents and self cleaning agents, corrosion inhibitors and so on [18].

Experimental part

Starting substances and their characteristics

Dodecanoic acid has a molar mass of 200 g/mol, a density of 0.883 g/ml, and a white,
crystalline powder with a faint smell similar to bay oil. Its boiling point is 298.9 °C, while
its melting point is 44.2 °C.

Tetradodecanoic acid is a fatty acid that is used in the beauty business for a variety
of reasons. It may be found in nutmeg, butter fat, coconut oil, palm oil, and spermacetin,
which is the oil from the sperm whale. These include serving as an emulsifier, surfactant,
opacifying agent, cleaning agent, and fragrance ingredient.

The Moscow-based Komponent-Reactant Joint Stock Company produces
hexadecanoic acid, a white, crystalline material having a molar mass of 256.42 g/mol. It
has a solidification point of 62.9 °C and a density of 0.853 g/cm? at 62 °.

A viscous, very alkaline, reddish-brown or tan liquid called polyetilenpolyamine. Its
density is 1.025 g/cm? at 20°C, and its melting point is -26 °C. Its boiling point is greater
than 190 °C (1.33 kPa). It is soluble in ethanol and water but insoluble in benzene and
ether. Salt is created when it reacts with acid, and it quickly takes up moisture and carbon
dioxide from the atmosphere.

Methodology for studying the structure and composition of synthesized complexes

IR spectra were recorded by an ALPHA FTIR spectrometer (Bruker,USA) using
KBr tablets.

Surface tension Measurement: An Israeli Du Nouy ring KSV Sigma 702 tensiometer
was used to measure surface tension. A Pt wire ring was dragged through the liquid-
air contact and inserted into the solution to put the sample in the glass cell. Three
measurements, taken every three minutes, were used to determine the average surface
tension. The Pt wire ring was flame-lit using a Bunsen burner and rinsed with water in
between trials.

Electroconductivity Measurement: The electroconductivity of surfactant arrangements
was measured by electroconductometric estimations using the Russian-manufactured
"ANION 4120" conductometer. With an estimation temperature range of -100°C and a
relative error of less than 2%, the estimation covered a range of 104 S/m to 10 S/m. After
dissolving 0.025 g of each salt in 25 ml of distilled water, the electroconductivity of each
salt was measured.

Petrocollecting and petrodispersing properties: The established method was used
to evaluate the properties of petrodispersing and petrocollecting. One milliliter of unrefined
oil (brand name "Pirrallahi") was spread over 40 milliliters of water in a Petri dish, with
a 0.17 mm film thickness. Next, the surfactant was added to the film from the side in a
5% weight solution. The petrocollecting coefficient (K) was computed by dividing the
initial oil film's surface area by its surface area before and after surfactant treatment. The
petrodispersing percentage (Kd), which represents the level of surface cleaning, was then
computed.
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Results and discussions

Reactants were added at equimolar ratios, and the process of synthesizing salts with
these reactants took nine to ten hours.

Below reaction mechanisms are shown:

HoN-(CH,),-NH-((CH,),-NH)),-(CHp)»-NH, -+ 2CHp3-COOH ——— >

-+ + -

> C;Hy3-COOH NHy-(CH,)-NH-((CHy),-NH)),-(CH,)p-H,N HOOC-Cy Hys

Figure 1 - The reaction scheme of dodecanoic acid with polyetylenepolyamine

H,N-(CH,),-NH-((CH,),-NH)),-(CH,),-NH, +  2C,3H,;-COOH —————

-+ + -

———  C;3H,;-COOH NH,~(CH,),-NH-((CH,),-NH)),-(CH,),-H,;N HOOC-C,3Hy,
Figure 2 — The reaction scheme of tetradodecanoic acid with polyetylenepolyamine

H,N-(CH,),-NH-((CH,),-NH)),-(CH,),-NH, +  2C,5H;,-COOH ————

-+ + -

— > (C,5H;,-COOH NH,-(CH,),-NH-((CH;),-NH)),-(CH,),-H,N HOOC-C,sHj3,

Figure 3 — The reaction scheme of hexadecanoic acid with polyetylenepolyamine

The structure of the obtained salts has been confirmed using IR- and UV-
spectroscopies and the results are described in Fig 4-9.
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Figure 4 — IR spectrum of the salt of dodecanoic acid with polyethylenepolyamine
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The sample's infrared (IR) spectrum, shown in Fig. 4, shows several unique absorption
bands, such as: bends in the C-H bond at 718.41 and 1401.50 cm-! in the CH3 and CH2
groups. stretching vibrations of the C-H bond at 2848.20 and 2916.00 cm-* in the CH3
and CH2 groups. COO group stretching vibrations at 1401.50 and 1512.53 cm-'. H-N
bond stretching vibrations at 3269.11 cm-'. At 2196.1 and 2512.56 cm-3, there is an

ammonium band.
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Figure 5 - IR spectrum of the salt of tetradodecanoic acid with polyethylenepolyamine

The sample's IR spectra, shown in Fig. 5, shows the following absorption bands.
Bending vibrations of the C-H bond at 1464.82 cm-' in the CH3 and CH2 groups.
Stretching vibrations of the C-H bond at 2850.33 and 2919.37 cm-! in the CH3 and CH2
groups. COO group stretching vibrations at 1396.72 and 1552.99 cm-*. H-N bond stretching
vibrations at 3269.78 cm-!'. A band of ammonium at 2531.98 cm->.
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Figure 6 — IR- spectrum of the salt of hexadecanoic acid with polyethylenepolyamine

HE®Tb 1 TA3 &> 2024 2 (140) 233



HESPTEXUMNA

The sample's IR spectra, shown in Fig. 6, shows the following clearly visible
absorption bands: Bending vibrations of the C-H bond at 1467.70 cm-! in the CH3 and
CH2 groups. stretching vibrations of the C-H bond at 2848.64 and 2917.28 cm-' in the
CH3 and CH2 groups. COO group stretching vibrations at 1315.10 and 1513.64 cm-*.
H-N bond stretching vibrations at 3292.25 cm-*. A band of ammonium at 2535.54 cm-°.
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Figure 7 — UV spectrum of the salt created by combining polyethylenepolyamine and dodecanoic acid

As shown in Figure 7. At 220 nm in the UV spectrum, there is an absorption band
that is thought to be related to the complex amino group.
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Figure 8 — UV spectrum of the salt created by combining polyethylenepolyamine and tetradodecanoic

The ultraviolet spectrum of the salt created by combining polyethylenepolyamine and
tetradodecanoic acid is shown in Figure 8. Figure 4 shows that the complex amino group
is represented by an absorption band in the UV spectrum, which is located at 220 nm.
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Figure 9 — UV spectrum of the salt that is produced when polyethylenepolyamine

and hexadecanoic acid

The UV spectrum of the salt that is produced when polyethylenepolyamine and
hexadecanoic acid are combined is shown in Figure 9. As can be seen in Figure 4, the
complex amino group is responsible for an absorption band that is prominently visible

at 220 nm in

the UV spectrum.

Using the tensiometer, the surface tension of the aqueous solution of the surfactants
in different concentrations was measured and using these data a graph of the dependence
of the surface tension values on the thickness was constructed and the CMC point was
determined for each substance from the graph. A number of surface activity parameters
of substances were determined using the formulas (3.1) and (3.2).
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Figure 10 — Surface tension versus concentration for the obtained salts
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I = x lim -2
mMaxX ™ h4R«T  c>CMC dinc 31
1
A =— 3.2
min Na*I'max

Here n represents of dissociated ions which is 3 for the Gemini surfactants, R is
universal gas constant (8.314 J/mol*K) and T is absolute temperature. The calculated
surface activity parameters using the equations above are shown in 7able 1.

Table 1 — Surface activity parameters of the surfactants

Surfactant CMCT;L°4 WCMC T"CMC c2°*|1/?_4 pC,, | CMC/C,, mireggre Amin*mz
(mol/L) | (mN,m) | (mN,m) | (Mol/L) (mol/em?) insiF)
Dodecanoic acid 12 26.73 4561 0,15 4,8 7.5 1.7 100.12
PEPA
Tetradodecanoic |, 2638 | 4626 | 0009 | 504 | 114 161 103.38
acid PEPA
Hexalf;f:r‘o'c 13 32 3971 | 0065 | 518 20 0.99 166

Looking at the table given above, we can note that the compounds obtained from the
synthesis of dodecanoic acid and tetradodecanoic acidwith polyethylene polyamine are
capable of reducing the surface tension at the air-water interface at room temperature to
a lower value than the other substance. In the complex obtained with hexadecanoic acid,
it has a slightly higher value. At the same time, the amount of minimum concentration
required to obtain the mentioned surface tension value is also higher than others. This
is explained by the fact that the compound obtained with hexadecanoic acid has a larger
molecular mass. A similar dependence manifests itself in the value of surface pressure.
In addition, there seems to be a dependence between the number of carbon atoms in
the molecule and the maximum excess pressure. Thus, as the number of carbon atoms
increases, the maximum excess pressure decreases, and naturally, in this case, the minimum
surface area per molecule also increases.

Electrical conductivity

In order to determine the thermodynamic parameters of the synthesized compounds,
their solutions of different concentrations in water were prepared and the electrical
conductivity values were calculated with a conductometer. A graph of electrical
conductivity as a function of concentration was constructed and, based on the graph, the
value of o, which is the ratio of slopes of the section before and after the CMC point, was
calculated. Gibbs free energy value of micellar formation and adsorption was calculated
using the formulas (3.3 and 3.4).
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AGpic = (2 — o) * R+ T * In(CMC)

AGad = AGmiC —0.6023 * Teme * ACMC
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Figure 11 — Electrical conductivity versus concentration for the synthesized salts

Table 2 — Electroconductivity parameters

Surfactants (0.4 A AGmi(’ kJ/mol AGad, KkJ/mol
Dodecanoic acid PEPA 0.82 0.18 -26.26 -29
Tetradodecanoic acid PEPA 0,93 0,07 -22,73 -25,60
Hexadecanoic PEPA 0,57 043 -31.9 -35.8

Looking at the parameters given in Table 2, it is clear that for all three combinations,
both parameters have negative values, which indicates that both processes occur naturally.
It can be seen from Table 2, for all the salts AG,, value is more negative than AG,. . It
means when surfactant was applied to the air-water border firstly adsorption process
happens following withmicellization. For the compound obtained by the synthesis of
hexadecanoic acid, these parameters have a more negative value.

In order to discuss the using of the surfactants as an oil spill cleaning agent,
petrocollecting and petrodispersing properties have been measured and shown in Table 3.
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Table 3 — Petrocollecting and petrodispersing properties

Sea water Tap water Distilled water
Ratio State of Durati St —
et uration- uration- uration-
surfactan d = d 5 -
, hours ’ hours ’ hours
90% 0-24 3,83 0-24 25,5% 0-24
5wt. %
S 96,4% 24-48 96% 24-48 8,6% 24-48
solution 0% 4-4 6% 4-4 98,6% 4-4
78,5% 48-240 90% 48-240 94,5% 48-240
Spilling Drying 18% 88 %
Dodecanoic 91,5% 0-24 98,2% 0-24 99% 0-24
acid PEPA 5wt. %
atemalie 96,4% 24-48 96,4% 24-48 90% 24-48
solution 94,5% 48-240 90% 48-240 90% 48-240
Spilling Drying 16% Spilling
91,20% 0-24 15,32 0-24 12,2 0-24
98,2% 24-48 98,2% 24-48 97,2% 24-48
Solid 88% 48-240 94,2% 48-240 90% 48-240
Spilling IR 17 Drying 80%
94% 0-19 o7 0-72 12.8 0-1
5wt. %
aqueous 88% 19-163 9 72-168 5.57 1-73
solution 15 163-513 - 5 73-265
Il
Spilling Spilling Spilling
9.89 0-72 12.03 0-1 1226 | 0-1
84.5% 72-88 89% 1-73 88% [ 1-217
5wt. % 89% 88-232 86% 73-169
Tetradecanoic ethanolic
. 2.03 232-328 oTH
i solution Spillin
acid PEPA Spilling piing
Spilling
87% 0-168 12.03 0-1 12.26 0-1
9.625 1-3 10.13 1-3
Solid . 11 3-19 9.625 3-19
Spilling 12.83 19-312
"~ Spilling
Spilling
91,5% 0-48 83.5% 0-48 7.25 0-48
5wt. % 94,3% 48-144 94,3% 48-144 94,3% 48-144
aqueous 88,00% 144-174 89% 144-174 90% 144-174
solution Spilling Spilling Spilling
MoertEnelc 5wt. % 91,4% 0-48 91,4% 0-48 20 0-48
acid PEPA ethanolic 94,3% 48-144 94,3% 48-144 94,3% 48-144
solution 89% 144-174 92% 144-174 93% 144-174
Solid Spilling Spilling Spilling
2,5 0-48 9,8 0-48 5 0-48
Solid 88,8% 48-144 94,3% 48-144 86,2% 48-144
83% 144-174 80% 144-174 92% 144-174

When looking at the petrocollecting and petrodispersing properties it can be seen
that the compounds obtained with dodecanoic acid, although it has more oil dispersing
ability, it also shows petrocollecting ability in the first moments of the application of the
reagent. The highest petrocollecting coefficient was 25.5, obtained when applied with a
5% aqueous solution of the compound in distilled water, and maintained its potency for 24
hours. The highest petrodispersing percentage is 99%, and it is obtained when it is applied
in distilled water with a solution in 5% alcohol. The highest petrodispersing percentage
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in seawater is 98.2% and is achieved when the reagent is applied in solid form. In this
case, the reagent is active for 24 hours.

Looking at the combination with tetradodecanoic acid, it can be noted that it has more
petrocollecting capacity than dodecanoic acid. A greater petrocollecting capacity can be
observed in the solid state of the compound. The highest percentage of petrodispersing
is 94% and is observed in seawater with a 5% aqueous solution. In this case, the time of
the reagent’s effectiveness is 19 hours.

Looking at the petrocollecting and petrodispersing results of the synthesis with
hexadecanoic acid, it is clear that the compound has more petrodispersing ability. The
highest percentage of petrodispersing is 94.3%, observed in all cases of the reagent, and
the duration of action lasted 96 hours.

Conclusion:

Regarding the physical properties of the synthesized salts it can be deduced that
CMC and corresponding surface tension at this point increases as increasing the length
of carbon chain. Coming to the petrocollecting and petrodispersing properties compound
obtained with tetradodecanoic acid acid is better at petrocollecting effect than the others,
while the salt getting from the dodecanoic acid shows higher petrodispersing property. €
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