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In this research, the surfactant — co-surfactant intermolecular interactions in the H>O — Oxyethylated
Isononylphenol — Polyglyceryl-3 Methylglucose Distearate — Vaseline oil system were studied. For the first time,
two approaches were combined: the additivity of hydrophilic lipophilic balance (HLB) and the water / oil interfa-
cial tension measurement in microemulsion systems. It was shown that by calculating the HLB of the surfactant
mixture and measuring the corresponding interfacial tension, it is possible to predict self-organization of surfac-
tant. It was directly related to the intermolecular interaction estimated by calculating the interaction parameter .
It has been established that in mixed systems synergistic effects were observed and the interfacial tension de-
creased, which were caused by electrostatic attraction between surfactant’s molecules. The processes of self-
organization of surfactant mixture at the H>O — Vaseline oil interface were studied. It has been shown that the
hydrophilic lipophilic balance of the mixture and the interaction parameter [ directly connected with the nature
of the structures from liquid crystal to microemulsion. The proposed approach can be used for the scientifically
based calculation of the components in the surfactant mixture at the liquid — liquid interface and prediction of
microemulsion and liquid crystals formation in three component systems.

Key words: liquid crystals, microemulsions, mixed surfactants, interfacial tension, adsorption, synergism,
hydrophilic lipophilic balance, interaction parameter.

DOI: 10.18083/LCAppl.2019.3.92

H. B. Caymuna, A. O. 3axapoesa, 10. I'. I'anamemounos

B3AUMOCBA3b CUHEPTETUYECKUX 2O®EKTOB OKCHUITUJIUNPOBAHHOI'O

N30HOHUJI®EHOJIA U NMOJUI'JIMIEPNJI-3 METHJITJIIOKO3blI JTUCTEAPATA

HA MEX®A3HOW T'PAHUIE BOJIA / BASBEJIMHOBOE MACJIO C XAPAKTEPOM
OBPA3OBAHUSA CAMOOPIAHU3YIOIUXCS CTPYKTYP

Kazanckuil HallMOHaIBHBIN NCCIE0BATENBCKUI TEXHOIOTHYECKHI YHUBEPCUTET,
yi. K. Mapkca, 1. 68, 420015 Kazans, Poccus. E-mail: n.sautina@mail.ru

Hccreoosano mescmonexyasproe szaumoodevicmsue [IAB/co-TIAB 6 cucmeme 600a — OKCUIMUIUPOBAH-
HbLU USOHOHULPEHON — NoAUSIUYepU-3 MEmuIeIoKo3bl OUCmeapam — 6a3eruHo8oe Macio. Bnepgvie cogmeuyeno
08a n00x00a: NPUHYUN a0OUMUSHOCMU 2UOpodurbHo-1unogurvroeo baranca (I'7IB) u usmepenue mesxicgasznoco
Hamsiceruss Acuokocmu/rHcuokocms. Iloxazano, umo nymem pacuema I'JIB cmecu TIAB u usmepernus coomeem-
CMBYIOWEe20 MeNCHAZH020 HAMSICEHUS MOJICHO NPOSHOZUPOSamsb camoopeanusayuto [1AB, umo nenocpedcmeen-
HO CBA3AHO C MENCMONEKYIAPHBIM 83AUMOOCLICNBUEM, OYEHEHHbIM HYMeM paciema napamempa 63aumooeticmeus
Ha epanuye pazoena u 8 cmeuwannvlx muyennax IAB. Yemanosneno, umo 6 cmewannvix cucmemax Hadao0armes
cunepeemuveckue 3phexmol CHUNCEHUS MeAHCHAZHO20 HAMANCEHUS, 00YCLO08NIeHHble IeKMPOCAMUYECKUM
npumsdiceHuem mexncoy moaexynamu I[AB. Hccrnedosanvl npoyeccvl camoopeanu3ayuy cmect OKCUIMUIUPOBAH-
HO20 U3OHOHUNGDEHONA U NONUSTUYEPUL-3 MEMUN2TIOKO3bl OUCTHeApama Ha epanuye pazoena 600a / 6a3erunosoe
macno. Iloxkazano, umo IJIB cmecu u napamemp 83aumoO0eicmsus HenocpeoCmBeHHO CEA3AaHbl C XAPAKMEPOM
00pa306anUs CIMPYKMYP OM HCUOKOKPUCTIATIUYECKUX 00 MUKPOIMYTbCUOHHBIX. Takum 06pasom, nymem uzmepe-
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HUs medcgpasnoeo Hamsadxicenus cmecu 1IAB, komnonenmor komopou paccuumansl, ucxooa us I'JIb na epanuye
HCUOKOCTB/ACUOKOCB U pacuema napamempa 83auMo0etiCmeus, MOJICHO NOTYHUMb PA3IUYHbIE CAMOOPLAHU3)-
owuecs Cmpykmypbl HA 2paHuye HCUOKOCMb/HCUOKOCMb 6 MHO2OKOMNOHEHMHbIX cucmemax. IIpeonoscennblii
nOOX00 Modcem Oblmb UCNONL30BAH Ol HAYYHO 0DOCHOBAHHO20 paciema Komnonenmog cmecu IIAB na meorc-

asnoul epanuye AHCUOKOCMb/HCUOKOCD.

Knrouesnle cnosa: sicuokue Kpucmaivl, MUKPOIMYIbCUL, CMECU NOBEPXHOCHIHO-AKMUGHBIX BEUIECE, MENC-
aznoe namsicerue, aocopoyus, CUHEPUIM, 2UOPOGUILHO-TUNOPDUTLHBII OANAHC, NAPAMEMDP G3AUMOOCUCMEUSL.

Introduction

Nanoscale self-organizing structures of surface
active substances (surfactants), such as micelles, vesicles,
liposomes, microemulsions (ME) and liquid crystals
(LC) are widely used in a pharmaceutical industry [1, 2],
carbon nanotubes separation [3, 4], to enhance oil reco-
very [5, 6], in the food industry [7] and others. At the
same time, self-organization process, resulting from en-
ergy minimization, is a key stage of their formation. This
process is due to the attraction and repulsion between
molecules at the interface, which leads to the formation
of a rich morphology of structures. With high water con-
tent, surfactant micelles are formed with hydrophilic
segments facing the aquatic environment. With a
decrease in hydration, various phases with the typical
organization of aggregates with cubic and hexagonal
packaging can be observed; lamellar structures observe
at very high concentrations of surfactants [8].

In this aspect, the application of surfactant mix-
tures has a great interest. As a result of synergistic inte-
raction, their effectiveness is improved by increasing the
interfacial activity [9-11]. The properties of surfactant
mixtures were studied using various models, such as the
theory of Clint, Rubingh, Motomura, Rosen, and Blank-
stein [12—17]. In most of these studies, adsorption and
micelle formation parameters were evaluated to obtain
information about mixed micelles and the results were
discussed based on the interaction parameter 3.

When using surfactant mixtures in different ra-
tios, the region of various self-organized structures
existence, the shape and size of the aggregates, the
macroscopic system behavior (phase boundaries, vis-
cosity, electrical conductivity, etc.) can be varied, thus
obtaining the desired characteristics without prelimi-
nary synthesis of new substances. The development of
new structures with corresponding functionality for
advanced applications motivates in-depth study of the
interaction of structures and properties of mixtures
both non-ionic and ionic surfactants.

Earlier, we have studied the effect of the hydro-
philic lipophilic balance (HLB) of mixed surfactants
Formation and the interaction parameter of the

formation of liquid crystal and microemulsion struc-
tures in the H,O — Lecithin — Propylene glycol — Vase-
line oil system [18, 19]. In the present work, an as-
sumption about the connection of the surfactant mix-
ture’s HLB and interfacial tension, which is influenced
on the surfactant — co-surfactant interaction and sur-
factants self-organization at the water — oil interface,
was made.

The aim of this work was to develop a colloid-
chemical approach for calculation of the surfactant’s
concentration ratios in the mixture, taking into account
the interaction of two surfactant molecules at the water
— oil interface applying H>O — Polyglyceryl-3 Methyl-
glucose Distearate (PMD) — Oxyethylated (OE)
Isononylphenol — Vaseline oil system as a model.

Experimental

Commercially available surfactants such as OE
Isononylphenol with a degree of oxyethylation n = 8
(laboratory of Nizhnekamskneftekhim) and biode-
gradable compound Polyglyceryl-3 Methylglucose
Distearate (Croda, Germany) were used for the prepa-
ration of systems. The non-polar phase was medical
Vaseline oil (Sigma Aldrich). In the experiment,
bidistilled water with electrical conductivity no more
than 0.056 puS / cm was used.

To obtain a multicomponent H,O — OE Iso-
nonylphenol — PMD — Vaseline oil systems, the calcu-
lated weight of the surfactant mixture was dissolved in
oil heated to 70 °C with slow stirring for 4 hours.
Then, the systems were cooled to 40 °C and bidistilled
water was added. The resulting mixture was stirred in
an YX 2100 ultrasonic homogenizer at a frequency of
50 kHz for 8 h. Before testing, samples kept at room
temperature for 7 days to achieve equilibrium.

The obtained lyomesophases were identified us-
ing the polarization optical microscopy (POM) on the
Olympus BX51 microscope (Olympus Optical Co.,
Japan) with a video camera and Linkam high-precision
temperature-controlled system. Interfacial tension of
surfactants and their mixtures at the H,O — oil inter-
face was measured on the stalagmometer ST-2.
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Results and discussion

For construction of phase diagrams of self-
organizing multicomponent systems it is often required
to select a system of two surfactants. However, the op-
timal concentration ratios of surfactants — co-surfactants
are often found out after the construction of the diag-
rams, by analyzing the areas of various self-organizing
structures, which is quite laborious. For example, the
authors of [20] constructed the Water — Tween 80 —
Transcutol P-oleic acid phase diagrams. In this case, the
ratio Tween 80 — Transcutol P was 1:0, 1:1, 1:2, 2:1,
1:3, 3:1, 1:4, 4:1. Optimal surfactants ratio of 2:1 was
selected; as a result an extensive microemulsion region
is formed. The surfactant ratios were chosen without
taking into account the HLB values.

As surfactants have specific HLB, in the pre-
sence of a limited number of them, binary mixtures
of these surfactants can be obtained, based on the
principle of additivity of HLB. Mass fraction of sur-
factant (W, and W) is determined by solving the sys-
tem of equations:

{Wl ’HLB]_ + Wz 'HLBZ = HLB 1
W1+W2:1 ’ ()

where HLB,, HLB, and HLB are the hydrophilic lipo-
philic balances of the first, second surfactant and their
mixture [21]. According to this equation system, the
mass fractions of OE Isononylphenol and PMD in the
mixture were calculated (Table 1).

Table 1. Weight ratio of surfactant and HLB of the mixture

'Ng HLB of the mixed % W %
mixture surfactant

1 5,6 100 0

2 6 94 6

3 7 78 22
4 8 62 38
5 9 47 53
6 10 31 69
7 11 16 84
8 12 0 100

The obtaining of ME systems is possible only at
the critical interfacial tension values close to zero,
whereas this condition is not necessary for the synthe-
sis of mesomorphic compounds. In this regard, the
interfacial tension of surfactant mixtures at the water —
Vaseline oil interface was measured at various weight
ratios according to the principle of additivity of HLB
(equation 1) [21] (Fig. 1).

With an increase in the PMD content, the inter-
facial tension increases. This can be explained by the
fact that PMD more often forms liquid crystal struc-
tures, and low interfacial tension is observed for sur-
factants that are stabilizers of ME.

The lowest value of y was observed at HLB of
the mixture Ne 6. Therefore, it can be assumed that the
corresponding ratio of surfactant : co-surfactant pro-
vides maximum surfactant activity and the formation
of stable ME systems.

Based on the data of tensiometric studies, the
main adsorption characteristics of the systems at the

water — Vaseline oil interface were calculated, such as
maximum adsorption, the area per molecule and the
thickness of the adsorption layer (Table 2). The values
of CMC are obtained graphically from interfacial ten-
sion isotherms.

11
10
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Fig. 1. HLB dependence of the interfacial tension of the OE
Isononylphenol and PMD mixture at the water / Vaseline oil
interface
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Table 2. Adsorption characteristics of systems at the water / Vaseline oil interface

CMC
106 2 1020 12 )
System Ax-10°, mol/m So-10°° m 8, nm M
H,O — OE Isononylphenol — Vaseline oil 15,95 10,4 9,1 0,17
H>0 — PMD - Vaseline Oil 11,4 14,57 75,2 0,12
H,O - OE Isononylplgi?ol — PMD - Vaseline 18,25 9.1 17 0.1

From the data in the Table 2 follows that adding
co-surfactant increases the adsorption capacity (Aw)
and decrease the CMC to lower values, which occurs
due to a change in conformation of molecules, an in-
crease in the size of the hydrocarbon fragment (d) and
a decrease in the polar portion of the surfactant mole-
cule (Sp). This is probably due to the fact that when
co-surfactants are added, Isononylphenol molecules
are reoriented due to the incorporation of PMD mole-
cules between their molecules and the hydrocarbon
tails take a more vertical position on the water / oil
interface, thereby stabilizing the system (Fig. 2).

S0

Fig. 2. Schematic representation of the incorporation of
PMD between OE Isononylphenol molecules
at the water / oil interface

To explain the surfactant behavior depending on
the HLB mixture, we used the Rosen approach [22].

According to it, the nature and strength of the interac-
tion between two surface active substances can be de-
termined by calculating the interaction parameters [°
in mixed adsorption layers, which are found using
graphs of interfacial tension (y) versus concentration
(C) of aqueous solutions of individual surfactants and
their mixtures. The lower the ° value, the stronger the
interaction between surfactants.

A difference was made between the surfactant
interaction parameter at the water — oil interface [3°
and the interaction parameter in mixed micelles in the
solution volume ™.

The interaction parameter for the mixed for-
mation of a surfactant monolayer at the water — oil
interface can be calculated by the formulas:

(X)) 2In(etZ) . ,

(1-XD)2In[(1-0)C12/(1-X)C,] 2)
G _ In(aCq2/X7C1)

B - (1_Xc{)2 s (3)

where X, is the mole fraction of surfactant 1 (OE
Isononylphenol) in a complete mixed monolayer; C;, C,
and Ci, are the molar concentrations in the phases of the
solution of surfactant 1, surfactant 2, and their mixture,
respectively; o — the mole fraction of surfactant 1 in the
mixture. The calculation data are presented in Table 3.

Table 3. Parameters of intermolecular interaction and composition of the adsorption layer for the mixture of OE
Isononylphenol and PMD according to the surface tension data

HLB of the mixed
surfactant ¥, mN/m o X% B
6 31,5 0,94 0,932 -5,26
7 31,5 0,78 0,225 2,70
8 31,5 0,62 0,283 3,25
9 31,5 0,47 0,252 3,93
10 31,5 0,31 0,064 4,39
11 31,5 0,16 0,033 4,73
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As can be seen from Table 3, the interaction pa-
rameter takes negative values only for the HLB of the
mixture equals 6. Based on the pseudo-phase separa-
tion model [22], the interaction parameter ™ and the
composition of mixed micelles were calculated. The
basis of this approach is the theory of regular solu-
tions. It is believed that the partial entropies of the
components in the mixed micelle are equal to the en-
tropies of the ideal micelle, and the enthalpy of mixing
is non-zero. The interaction parameter of the pseudo-
phase separation model can be calculated by equation
(4) and (5):

aC

XP)2InGmis)

m . -~m
1C1

1 “)

(1—XT)2In[(1-o)Cl)/(I-XP)CH]

— In(CH/XTCTH
(1-X1H)?

p™ (5)

B

where X;™ is the mole fraction of surfactant 1 in the
mixed micelle; C,™, C;™ and C;™ — CMC surfactant 1,
surfactant 2, and their mixtures, respectively; o — the
mole fraction of surfactant 1 in the total solution of the
mixture.

By determining experimentally the CMC values
of individual surfactants and their mixtures in the nu-
merical solution of equation (5), finding X;", and sub-
stituting the obtained values of X;™ in (6) we were
able to determine the interaction parameter of the sur-
factant in mixed micelles (Table 4).

Table 4. Intermolecular interaction parameters and the composition of the adsorption layer for a mixture of OE
Isononylphenol and PMD at the water — Vaseline oil interface according to CMC data (HLB mixture = 6)

System

Clm sz C12m X;m Bm

H,0 — OE Isononylphenol — PMD — Vaseline Oil

0,94

0,02 0,04 0,01 0,723 -5,6

As a rule, surfactant mixtures do not behave
ideally when micelle formation or adsorption on the
water / oil interface takes place; synergistic and antag-
onistic effects are observed. Synergism is manifested
in the fact that this value of interfacial tension (or
CMC) is achieved at concentrations lower than it was
when the components were perfectly mixed.

According to [22-25], the criteria for synergism
in micelle formation must be the fulfillment of two
conditions:

1. Existence of synergism in the efficiency of reduc-
ing the interfacial tension, if the following relations
are true:

D B<0;  2)[In(Ci/ Cy)f <[B°].

2. The synergism during mixed micelle formation oc-
curs when the CMC of the surfactant mixture has a
lower value than the CMC of individual surfactants
forming micelles. The fulfillment of the following
conditions indicates synergism in mixed micelle
formation:

D p7<0; 2)[In(C,"/ C")[ < |B™.

For the H,O — OE Isononylphenol — PMD — Vaseline

oil system (HLB = 6) all these criteria were observed.

This implies that synergism in mixed micelles formed
in all systems was existed.

To confirm the above-described assumption
about the relationship of the HLB principle and inter-
action parameter and their influence on the nature of
the structures formed, the systems Water — OE
Isononylphenol — PMD — Vaseline oil were obtained
with a constant composition of water and oil and mass
concentrations of the surfactant mixture according to
the ratios defined above (Table 1).

Only in the case of HLB = 6, a transparent solu-
tion is observed, visually corresponding to the micro-
emulsion, which confirms the approaches described
above on the principle of HLB and the interaction pa-
rameter (Fig. 3, a@). In the mixture with HLB = 7, the
start of crystallization process is observed, which cor-
responds to the pretransition state of microemulsion —
liquid crystal (Fig. 3, ). When HLB of mixture equals
8, the hexagonal texture of the mesophase is observed
again in the polarization light (Fig. 3, ¢) [26]. At high-
er concentrations of PMD (HLB = 9-11) there is crys-
tallization and the system becomes more viscous and

pasty (Fig. 3, d).
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c

Fig. 3. Micrographs of the system H,O — OE Isononylphenol — PMD — Vaseline oil:
a—-HLB=6,b—HLB=7,c—HLB =8, d-HLB = 11, magnification x 500

Thus, by varying the HLB of the surfactant mix-
ture it is possible to control the surfactant — co-
surfactant interaction in order to obtain various
self-organizing structures such as microemulsions and
liquid crystal mesophases.

Conclusion

The interactions of surfactants: OE Isononyl-
phenol and Polyglyceryl-3 Methylglucose Distearate
at the water — Vaseline oil interface were investigated.
It was shown that they exhibit synergism of action
which effects on the decrease the interfacial tension.

The main adsorption characteristics are calcu-
lated, the possible orientation of these surfactants at
the liquid — liquid interface is shown.

An approach has been proposed for calculating
the relation of surfactant — co-surfactant concentra-
tions in a mixture, taking into account the principle of
additivity of HLB, measurement of interfacial tension

and interaction energy. It was shown that by varying
the HLB of surfactant mixture one can influence the
self-organization of the surfactant.

Acknowledgments
The work was funded by RFBR, project Ne 19-03-00187 A.
References

1. Kumar A., Kansal SK., Ibhadon A.O., Mehta S.K.
Mixed surfactant (altering chain length and head group)
aggregates as an effective carrier for tuberculosis drug.
Chemistry and physics of lipids, 2018, 215, 11-17.
DOI: 10.1016/j.chemphyslip.2018.07.001.

2. Mirgorodskaya A.B., Yatskevich E.I., Zakharova L.Ya.
Functional supramolecular systems based on am-
phiphilic and polymeric compounds. Lig. Cryst. and
their Appl., 2011, Iss. 4, 80—89.

3. Jain R.M., Ben-Naim M., Landry M.P., Strano M.S.

Competitive binding in mixed surfactant systems for



98

JKuox. kpucm. u ux npakmuy. ucnoavs. / Lig. Cryst. and their Appl., 2019, 19 (3)

10.

11.

12.

13.

14.

single-walled carbon nanotube separation. The Journal
of Physical Chemistry, 2015, 119 (39), 22737-22745.
DOI: 10.1021/acs.jpcc.5b07947.

Naved A., Rub M.A., Asiri A.M., Bawazeer W.A. Mi-
cellar and interfacial properties of amphiphilic drug—
non-ionic surfactants mixed systems: Surface tension,
fluorescence and UV-vis studies. Colloids and Surfaces
A: Physicochemical and Engineering Aspects, 2017,
522, 183-192. DOI: 10.1016/j.colsurfa.2017.02.093.
Kumari R., Kakati A., Sangwai J. Synergistic effect of
mixed anionic and cationic surfactant systems on the
interfacial tension of crude oil-water and enhanced oil
recovery. Journal of Dispersion Science and Technolo-
gy, 2018, 40 (7), 969-981.
DOI:10.1080/01932691.2018.1489280.

Jia H., Leng X., Hu M., Song Y., Wu H., Lian P., Zhou H.
Systematic investigation of the effects of mixed catio-
nic/anionic surfactants on the interfacial tension of a
water/model oil system and their application to enhance
crude oil recovery. Colloids and Surfaces A: Physico-
chemical and Engineering Aspects, 2017, 529, 621—
627. DOI: 10.1016/j.colsurfa.2017.06.055.

Atefeh A.-R., Abbasi S. Microemulsion-based lycopene
extraction: effect of surfactants, co-surfactants and pre-
treatments. Food chemistry, 2016, 197, 1002-1007.
DOI: 10.1016/j.foodchem.2015.11.077.

Samuel H., Lyonnard S., Mossa S. Water confined in self-
assembled ionic surfactant nano-structures. Soft Matter,
2015, 11 (12), 2469-2478. DOI: 10.1039/C5SM00179J.
Lim C.J., Lim CK. Formation of liquid crystal/gel
emulsions to nano-emulsions constructed by poly-
alkoxylated fatty alcohol (PAFA)-based mixed surfac-
tant systems. Journal of Dispersion Science and Tech-
nology, 2018, 19, 1-14.

DOI: 10.1080/01932691.2018.1491859.

Sahu A., Choudhury S., Bera A., Kar S., Kumar S. Ani-
onic—Nonionic Mixed Surfactant Systems: Micellar In-
teraction and Thermodynamic Behavior. Journal of
Dispersion Science and Technology, 2015, 36 (8),
1156-1169. DOI: 10.1080/01932691.2014.958852.
Georgieva G.S., Anachkov S.E., Lieberwirth 1., Koynov K.,
Kralchevsky P.A. Synergistic growth of giant wormlike
micelles in ternary mixed surfactant solutions: Effect of
octanoic acid. Langmuir, 2016, 32 (48), 12885-12893.
DOI: 10.1021/acs.langmuir.6b03955.

Clint JH. Surfactant Aggregation. Springer Nether-
lands, 1992, 283 p. DOI: 10.1007/978-94-011-2272-6.
Ghosh S. Surface chemical and micellar properties of
binary and ternary surfactant mixtures (cetyl pyridini-
um chloride, tween-40, and brij-56) in an aqueous me-
dium. Journal of Colloid and Interface Science, 2001,
244 (1), 128-138. DOI: 10.1006/jcis.2001.7855.
Motomura K., Aratono M. Miscibility in binary mix-
tures of surfactants. Mixed surfactant systems / eds.
K. Ogino, M. Abe. Marcel Dekker, New York, 1993, 99-143.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Rosen M.J. Geminis: a new generation of surfactants.
ChemTech., 1993, 23, 30-33.

Sarmoria C., Puvvada S., Blankschtein D. Prediction of
critical micelle concentrations of nonideal binary sur-
factant mixtures. Langmuir, 1992, 8, 2690-2697.
DOI: 10.1021/1a00047a019.

Patel U., Parekh P., Sastry N.V., Aswal V.K., Bahadur P.
Surface activity, micellization and solubilization of cat-
ionic gemini surfactant-conventional surfactants mixed
systems. Journal of Molecular Liquids. 2017, 225,
888-896. DOI: 10.1016/j.molliq.2016.11.017.

Sautina N.V., Zakharova A.O., Galyametdinov Yu.G.
Influence of intermolecular interactions in the system
of lecithin — propylene glycol at the water / vaseline oil
interface on the formation of self-organizing structures.
Lig. Cryst. and their Appl, 2017, 17 (2), 35-41.
DOI: 10.18083/LCAppl.2017.2.35.

Sautina N.V., Galyametdinov Yu.G. Influence of Pro-
pylene Glycol on the Formation of Self-Organizing
Structures in Water / Lecithine / Vaseline Oil Systems.
Lig. Cryst. and their Appl., 2016,16 (1), 83—89.
DOI: 10.18083/LCAppl.2016.1.83.

Rai S., Yasir M. Cinnarizine loaded lipid based system:
preparation, optimization and in-vitro evaluation. /OSR
Journal of Pharmacy, 2012, 2 (5), 47-56.

DOI: 10.9790/3013-25504756.

Rastogi P., Mehta P.S., Kaisare N.S., Basavaraj M.G.
Kinetic stability of surfactant stabilized water-in-diesel
emulsion fuels. Fuel, 2019, 236, 1415-1422.

DOI: 10.1016/j.fuel.2018.09.074.

Rosen M.J., Zhou Q. Surfactant-Surfactant Interactions in
Mixed Monolayer and Mixed Micelle Formation. Lang-
muir, 2001, 17 (12), 3532-3537. DOL: 10.1021/1a001197b.
Holland H.M., Rubigh D.N. Mixed Surfactant Systems.
ACS Symposium Series, 501. American Chemical Society,
Washington, 1992, Ch.1, 2-30.

DOI: 10.1021/bk-1992-0501.ch001.

Soboleva O.A., Badun G.A., Summ B.D. Colloidal
properties of binary mixtures of a nonionic surfactant
and monomeric or gemini cationic surfactants. Colloid
Journal, 2006, 68 (2), 228-235.

DOI: 10.1134/S1061933X06020153.

Szumata P., Mowinska A. Perfectly Wetting Mixtures
of Surfactants from Renewable Resources: The Interac-
tion and Synergistic Effects on Adsorptionand Micelli-
zation. Journal of Surfactants and Detergents, 2016,
19, 437-445. DOI: 10.1007/s11743-016-1793-z.
Sautina N.V., Galyametdinov Yu.G. Effect of L-Lysine
on the Phase Transition Temperature in a Three-
Component Water/Bis-2-Sodium Ethylhexyl Sulfosuc-
cinate/Isopropyl Myristate System. Russian Journal of
Physical Chemistry 4, 2019, 93 (5), 702-706.

DOI: 10.1134/S003602441905025.

Hocmynuna 6 peoakyuro 23.08.2019 2.
Received 23 August 2019



