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Effect of the hydrochloric acid concentration on the surface-active
and functional characteristics of linear alkylbenzenesulfonic acid

The surface-active (surface tension, adsorption, molecule cross-sectional area in the adsorption monomolecu-
lar layer) and colloidal (viscosity, critical micelle concentration, solubilization) properties in aqueous and hy-
drochloric acid solutions of anionic surfactant alkylbenzenesulfonic acid (ABSA) were studied. Surface activ-
ity of ABSA increases in the presence of hydrochloric acid. Two inflections were established on adsorption
isotherms with inorganic acid content of 5 and 10 wt. %, which are indicative of stepwise micelle formation.
The ABSA dissociation is suppressed in the presence of hydrochloric acid, and therefore it behaves as a
nonionic surfactant, forming micelles at lower concentrations. Mixed micelles, formed by dissociated and
non-dissociated surfactant particles, are organized with an increase of ABSA content in mixture. The value of
the surfactant limiting adsorption increases significantly at small hydrochloric acid amounts in comparison
with an aqueous solution. The formed monomolecular layer is denser in the presence of inorganic acid than in
an aqueous solution. The solubilization of Sudan I dye in alkylbenzenesulfonic acid increases with increasing
in solution acidity. The extremum points on isotherms of solubilizing ability with 5 and 10 wt. % HCI content
are observed at surfactant concentrations corresponding to the beginning and end of the formation of micelles
containing alkylbenzenesulfonate ion.

Key words: alkylbenzenesulfonic acid, surface tension, critical micelle concentration, hydrochloric acid, ad-
sorption, monomolecular layer, solubilization, Sudan 1.

Introduction

Alkylbenzenesulfonic acid (ABSA) is a raw material for the production of alkylbenzenesulfonates —
components of detergents, surfactants for ore flotation [1]. At the same time, ABSA itself is extremely rarely
used in both enrichment [2, 3] and ion flotation [4, 5], although it has many advantages: liquidity, mixes well
with water, forms a stable foam, forms precipitates with metal ions, and is also a fairly affordable reagent.

To establish the possibility of using ABSA as a flotation reagent in acidic solutions, it is necessary to
study the effect of the inorganic acids concentration on the surface-active and micellar properties of ABSA
solutions [6].This work is devoted to the study of the colloidal properties of ABSA hydrochloric solutions.

Experimental

Alkylbenzenesulfonic acid is an anionic surfactant with the general formula C,H,,.CsH4sSO;3H,
n = 10-14, the basic substance content is 96 %, and the average molecular weight is 320.9 grmol . A stock
solution of ABSK was prepared by dissolving an exact portion in distilled water. Solutions with a lower con-
centration were prepared by appropriate dilution. The hydrochloric acid content of 1, 2, 5 and 10 wt. % was
created by introducing the calculated amount of concentrated HCI (p = 1.182 g'mL"", chemically pure).

All experiments were performed at 23 °C (296 K). All the data, presented in the work, were obtained by
averaging the results of three to four measurements.

The kinematic viscosity of the ABSA solutions was determined by SVM 3000 Stabinger viscometer
(Anton Paar).

The surface tension at the «aqueous solution ABSA — air» interface was measured using a DSA 25E
KRUSS tensiometer. The surface tension at various ABSA concentrations in model solutions containing 1, 2,
5, and 10 wt. % HCI was measured similarly. The value of the surface tension at the «water—air» boundary at
a given temperature was taken from the reference book [7].

The critical micelle concentrations (CMC) of ABSA at different HCI contents were determined from
surface tension isotherms: in semilogarithmic coordinates they correspond to the points at which the curved
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section passes into a straight line parallel to the X axis [8]. Surface activity (a) was calculated from the CMC
value (g'L™") according to the formula:
— Oy —Ocmc
cMcC
where 6, — is the water surface tension; 6¢yc — is the solution surface tension during CMC.
The surface tension isotherms also were used to determine the specific adsorption (G,,) of ABSA by the
formula:

a

b

_1 4o
" RT AlnC’

where R — is the universal gas constant.
The area occupied by the ABSA molecule (S,) was calculated by the formula:

where N, — is the Avogadro constant.

The solubilizing ability of ABSA was evaluated in relation to the oleophilic dye Sudan I
(1-(phenylazo)-2-naphthol, chemically pure), insoluble in water, but soluble in the hydrophobic part of mi-
celles. The dye content in the solution was determined by measuring the optical density of the solution in
0.5 cm cuvettes by UNICO spectrophotometer at A = 400 nm. Then, the amount of solubilized dye
(S, mg-L") in solution was determined using the calibration graph. The optical density of a dye solution
(without surfactant) in benzene was measured to construct a calibration graph. For this, an exact weighed
portion of the dye was introduced into 25 mL volumetric flask to create its concentration of 10, 20, 30, 40,
50, 60 mg-L'l, a certain benzene amount was added, stirred until the Sudan was dissolved, and the solution
was brought to the mark with benzene. The optical densities were in the range 0.07+0.95. The molar solubil-
izing ability (S,,) of ABSA solution was calculated as the ratio of the obtained S value to the ABSA concen-
tration (c, g'L™) [9]:

Results and Discussion

As can be seen from the Figure 1 (curve 1), the surface tension decreases sharply in the region of low
ABSA concentrations, (to 34 mN-m”', CMC, = 0.74 g'L" ABSA). That represents the gradual filling process
of the surface layer with surfactant molecules and reaching the adsorption limit value. After reaching a criti-
cal micelle concentration, the decrease in surface tension slows down with increasing ABSA content, that is
associated with the micelles formation in the solution volume [10]. A further increase in the ABSA concen-
tration, apparently, causes a transition from spherical micelles formed in solution at low surfactant concen-
trations to asymmetric, nonspherical micelles, which affects the surface layer state. These changes are also
associated with the presence of a slight bend on the surface tension isotherm at ~8.5 gL' ABSA and a sharp
increase in the solutions viscosity (Fig. 1, curve 2).
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Figure 1. Isotherms of surface tension (/) and viscosity (2) of ABSA aqueous solutions
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The introduction of hydrochloric acid in concentrations of 1 and 2 wt. % leads to an increase in micelle-
forming ability, expressed in a decrease of CMC and surface tension during CMC, that is caused by dehydra-
tion of the polar groups of the surface-active ions in the electrolyte presence (Fig. 2). Also, with an increase

in the inorganic acid concentration, a decrease in the surface tension of the solutions begins with a lower
ABSA content.
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Figure 2. The effect of HCI content on surface tension isotherms of ABSA solutions

On the surface tension curves for 5 and 10 wt. % hydrochloric acid, two bends are observed. Probably,
with an increase of the inorganic acid concentration, the ABSA dissociation as a weaker acid (pK, = 2,17
[11]) is suppressed; as a result it behaves similarly to nonionic surfactant and forms premicellar structures in
the region of lower concentrations [12]. As the ABSA content increases, the proportion of dissociated ABSA
molecules (ABSA-anions) increases, which leads to the formation of mixed micelles, containing both disso-
ciated and non-dissociated surfactant particles. These processes are accompanied by the appearance of an-
other step on the surface tension isotherm. The obtained values of CMC depending on the medium ionic
strength are presented in Table 1.

Table 1
The effect of ionic strength (I) on the surface-active characteristics of ABSA
T
C, mol-L! (C, wt. %) I CM(I?ICMC [CMC, g.IZjl\]/I c a, mN-m>kg"
0(0) 0 —0.3 — 50.30
0.29 (1) 0.29 -1.0 — 121.64
0.58 (2) 0.58 -1.3 — 158.48
1.45 (5) 1.45 -3.5 0.25 554.68
2.92 (10) 2.92 -3.8 —0.28 386.72

An increase of the medium acidity during the transition from water to 10 wt. % HCI, changes the condi-
tions for the monomolecular layer formation, in comparison with an aqueous solution. That is reflected in the
change of the height and maximum position on adsorption isotherms calculated from surface tension iso-
therms (Fig. 3). The initial injection of inorganic acid increases the value of the limiting adsorption sharply
in comparison with appropriate aqueous solution. The further increase in the acid content lowers the value of
the limiting adsorption, and it is achieved with smaller ABSA amounts.

This also argues in favor of the fact, that the monomolecular layer formation is facilitated with an in-
crease of the HCI concentration. As a result, the molecules transition into volume occurs earlier with an in-
crease in acidity. This process is accompanied by the appearance of desorption branches in solutions contain-
ing 5 and 10 wt. % HCI and characteristic extremes on the adsorption isotherms. According to the calcula-
tions made on the obtained graphical dependences, the monomolecular layers, formed with the introduction
of an inorganic acid, are denser than those formed in an aqueous solution (Table 2). However, the subsequent
increase in the medium acidity leads to loosening of the monomolecular layer, what is expressed in the in-
crease of the area occupied by one surfactant molecule in it.
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Figure 3. Adsorption isotherms at the «liquid — gas» interface in HCI solutions

Table 2
Influence of ionic strength on the parameters of the ABSA monomolecular layer at the «liquid — gas» interface
C, mol-L" (C, wt. %) I Ginax, tmol-m™ Sp-10", m’®
0(0) 0 0.61 27.39
0.29 (1) 0.29 9.89 1.68
0.58 (2) 0.58 8.56 1.94
1.45 (5) 1.45 2.50 6.64
2.92 (10) 2.92 1.13 14.70

The solubilization mechanism is mainly determined by the surfactants nature. Containing polar groups
oleophilic dye is introduced into the micelles surface layer in the case of ionogenic surfactants. Its molecules
are located between surfactant molecules there, oriented parallel to them and transfer polar groups to the

aqueous phase. In this case, the solubilizate can dissolve both in the core and in the hydrophilic shell of the
micelles.

The calibration curve was constructed to determine the amount of dye solubilized by ABSA micelles
(Fig. 4). It corresponds to the straight line equation obtained by the least squares method [13]:
A=0.0147-Cyye (R* = 0.9983),
where 4 — is the optical density; C4ye — is Sudan I concentration, mg-L'l.
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Figure 4. The calibration graph of Sudan I in benzene (UNICO, A =400 nm, / = 0.5 cm)

CHEMISTRY series. Ne 3(99)/2020 75



S.A. Zabolotnykh, M.G. Shcherban, A.D. Solovyev

The amount of solubilized dye slowly increases in the initial interval with increasing surfactant concen-
tration. The solubilization isotherms in aqueous solution and in the presence of 1 and 2 wt. % HCI practically
match (Fig. 5a). The dye solubilization rise sharply with an increase in the ABSA content in a medium of
5 and 10 wt. % inorganic acid. This is probably due to the transition from one type of micelle to another.

A sharp increase in the solubilizing ability is also observed at high concentrations of hydrochloric acid.
Apparently, this is due to protonation of the dye and formation of an ionic associate with the ABSA-anion
(Fig. 5b).
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Figure 5. The effect of HCI content on the dye solubilization (@) and the solubilizing ability of ABSA solutions ()

Various additives affect colloidal dissolution especially, since they contribute to the micelles enlarge-
ment because of their hydrophobization (i.e., lowering the effective degree of dissociation and hydration)
[14]. Highs and lows abscissa on isotherms of molar solubilizing ability at acidity of 5 and 10 wt. % HCI
coincide with the beginning and end of the formation of micelles containing the ABSA-anion, and the ex-
tremes severity increases with increasing concentration of hydrochloric acid (Table 3).

Table 3

Intervals of micelle formation based on ABSA anion and extrema abscissas on solubilizing ability curves

. . . Extreme points, g'L” (InC)
-l ) ! p > g
C, mol'L™ (C, wt. %) ABSA concentration range, g'L” (InC) Min Max
0 (0) 0.05 (-3.00) — 0.74 (-0.30) — —
1.45 (5) 0.50 (—=0.69) — 1.00 (0) 0.50 (-0.69) 1.00 (0)
2.92 (10) 0.10 (=2.30) — 0.75 (-0.28) 0.20 (-1.60) 0.75 (-0.28)
Conclusions

Some conclusions can be drawn from the research results. The hydrochloric acid introduction changes
the structure of the ABSA monomolecular layers and leads to an increase in its surface activity, expressed in
a decrease in the critical micelle concentration value. Micelle formation proceeds in several stages in more
concentrated hydrochloric acid solutions. In the region of low surfactant concentrations, ABSA dissociation
is suppressed in acid medium and micelles, consisting mainly of undissociated molecules, are formed. With
an increase in the ABSA content, mixed micelles are formed, containing ABSA-anions and undissociated
acid. This correlates with the extrema positions on the solubilizing ability curves. A sharp increase in the
solubilizing ability of ABSA in concentrated hydrochloric acid solutions in the studied range of surfactant
concentrations can be caused by protonation of the dye and the formation of an ionic associate of the
solubilizate with the ABSA anion.

The work was performed in accordance with the state task, state registration No. AAAA-A18-
118032790022-7.

76 Bulletin of the Karaganda University



Effect of the hydrochloric acid concentration ...

The work was carried out using the equipment of The Core Facilities Center «Research of materials
and mattery at the Perm Federal Research Center of the Ural Branch of the Russian Academy of Sciences
(PFRC UB RAS).
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C.A. 3abonotubix, M.I'. Illep6ansb, A.Jl. ConoBbeB

XJ10pcyTeK KbIIKbLIbI KOHIEHTPANUSACHIHBIH ChI3BIKTBIK
ANKNJI0EH30/1CYJIb(POKBIIKbLIBIHBIH 0eTTiK-0eJceHai
JKOHe (PYHKIMOHAABI CUNIATTAMAJIAPbIHA Jdcepi

Anxun6en3oncynbGokeKeUIbIHBH (ABCK) Oerrik-Oencenni (0eTTik Kepity, aacopOuus, ancopOIHsIIbIK
MOHOMOJIEKYJTAJIBIK ~KaOaTTarbl MOJICKYJIAaHBIH KOJJICHEH KHMACBIHBIH aylaHbl) JKOHE KOJUIOHMATHIK
(TYTKBIPIIBIK, MUIEUIAHBIH TY3LTyiHIH KPUTHKQJIBIK KOHLEHTPAIMACHL, COJIOOMIM3aIMs) KacHeTTepi
3eprrengi. XJOpcyTeK KhIIKBUIBIHBIH KaTbichiHna ABCK Gerrik-Oencennpimiri apramsl.  AncopOuus
U30TepManapbiHIa OeHOpraHUKambIK KBIIKbUT Memmiepi 5 xoHe 10 % OGomFaH Ke3fe €Ki Mily CBI3BIFBI
KepiHeZi, Oy caThlIbl MMIEUIAHBIH Maiaa OosryblH Kepcereni. XJIOpCYTeK KBIIIKBUIBIHBIH KaThICHIHAA
ATKHIOEH30JICY Ib(GOKBINIKBUIBIHBIE, ~ JUCCOLMAMACK  AICipeiii, ocblFaH  OaillaHBICTBI O  TOMEH
KOHICHTpaLHsIapa MUILEIIaiap Ty3€ OTBHIPBIN, HOH/BIK eMec OeTTiK-OeJceHl 3aT peTiHae SpeKeT eTemi.
Kocmama ankmiGeH3051Cy Tb(OKBIIKEUIBIHEIH, ~ MOJIIepl  yiFaififaH CalblH  JUCCOLMANMSUIAHFaH JKOHE
JHcconanysianOaran OeTTik-OeyiceH i 3aTThIH OeNIIeKTepiHeH TYpaThlH apajac MHUIeagap mnaina 6omna
Gacraiigpl. XIOpCyTeK KBIIIKBUIBIHBIH a3 MOJIIEpIH/e CYJIB epiTiHAIMEH CalbICTHIpFaHa OeTTiK-OernceH i
3aTTHIH IIEKTi aJCcOpOIMACHIHBIH MOHI enoyip apraxsl. Cynsl epiTiHIire Kaparannga, OeHOpraHUKabIK
KBILIKBUT KATBICBIHAA Maiiia OOJIFaH MOHOMOJEKYNanblK KabaT ToIFbI3 Oonanel. Cynman [ GOSFBILIBIHBIH
ATKHIOEH30JICYTIb(GOKBIIIKBUIBIMEH — COJIIOOMIN3ALMACH]  €PITIHAIHIH  KBIIKBULIBUIBIFBl apTKaH —CalblH
yirasnel.  KypamblHIa XJopcyTek KblIKbUIL S5 okoHe 10 % Oonranpma, comoOwmMsauusiay Kabineri
U30TepMasapblHa KYpaMblHAQ aNKHIOCH30JICYJIbQOHAT — MOHBI 0ap MHULleJUIaNap/blH naiaa GoybIHBIH
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GacTanybl MEH asKTalyblHa COWKec KeleTiH OeTTiK-OeJceHi 3aT KOHIEHTPALHSIAPhIHBIH dKCTPEMYMIApPh
OaiiKaspl.

Kinm ce30ep: ankunben305cy1b(OKBIIIKbUIB, OSTTIK Kepily, MU TY3UTyiHiH KPUTHKAIBIK KOHIIEHTpa-
LHSACHI, XJIOPCYTEK KBIIIKBUIBI, aICOPOLIMsI, MOHOMOJICKYJIAJIBIK Kabat, CoMroomIn3anus, cyaaH L.

C.A. 3a6onotabix, M.I". lllep6ann, A.Jl. ConoBreB

BinsiHne KOHIHEHTPAMHU XJI0POBOAOPOAHOM KHCIOTHI
HA MOBEPXHOCTHO-AKTHBHBIC U QYHKUMOHAJIbHbIE XapAKTePUCTUKH
JIMHEHHON aJIKNI0eH30JICY/Ib(OKUCIOTHI

M3ydeHbl MOBEPXHOCTHO-AaKTUBHBIE (TOBEPXHOCTHOE HATSXKEHHE, afcopOIys, MIONaAb MOMEPEYHOTO cede-
HHS MOJIEKYJIBI B aACOPOIIMOHHOM MOHOMOJIEKYIISIPHOM CIIO€) M KOJUIOWAHBIE (BSA3KOCTh, KpUTHUECKas KOH-
LEHTpaus MULEII00pa30BaHusl, COMOOMIN3AIHsI) CBOHCTBA BOAHBIX M COJSTHOKHCIIBIX PACTBOPOB aHUOHHO-
TO MOBEPXHOCTHO-akTHBHOTO BemecTBa (ITAB) anxunbenzoncynsdokucnors: (ABCK). B npucyrcrun xio-
POBOZIOPOIHON KUCIOTHEI oBepxHOCcTHAs akTuBHOCTH ABCK yBenmmuuBaercs. Ha m3otepmax apcopOuun mpu
COZIEPXKAHUN HEOPraHUIecKoi KUCIOTH 5 1 10 Mac. % yCTaHOBIIEHO HaJMYHE IBYX IEperHOOB, YTO CBHE-
TENBCTBYET O CTYNEHYaTOM MHIEIUI000pa30oBaHuy. B mpucyTCTBUM XJIOPOBOJOPOAHON KHCIOTHI MOJABIACT-
Cs1 IMCCOLMALIUS AJIKMIIOCH30JICYIb(OKUCIIOTHI, B CBA3M C YeM OHa BeleT ceds kak HenoHHoe [TAB, oOpasys
MHIIEIUIBI IpH OoJiee HU3KUX KOHLEHTpanuax. C pocToM colepkaHus alIKHIOeH30JICYIb()OKUCIOTH B CMECH
MOSBIISIIOTCS] CMEIIaHHbIE MUILIENIIbI, 00pa30BaHHbIE YAaCTUIAMH JHCCOIMUPOBAHHOTO U HEIMCCOLMHPOBAH-
Horo ITAB. Ilpu ManbIX KOJMYECTBAaX XJIOPOBOJOPOIHON KHCIOTHI 3HAUUTENIBHO YBEIHMUMBACTCS 3HAUCHHE
npenensHOi ancopbunu ITAB 1mo cpaBHEHHIO ¢ BOJHBEIM PAacTBOPOM. B IpHCyTCTBHH HEOPraHWYECKOH KH-
CJIOTHI 00pa3yIoMmuiicss MOHOMOJIEKYJISIPHBIH CIIOH sIBIIsieTcst Ooiee IUIOTHBIM, YeM B BOAHOM pactBope. Co-
TMFOOMIM3AMS KpacuTelsl cyfana | ankmiGeH301cynb(OKUCIOTOH pacTeT ¢ MOBBIIIEHHEM KHCIOTHOCTH pac-
TBOpa. Ha m3orepmax comoOunnsnupyromei crnocoOHOCTH MPH COAEPKAHUHU XIOPOBOIOPOAHON KUCIIOTH 5 U
10 mac. % HabmrogaoTCs SKCTPEMYMBI IpH KoHLEeHTpanusx [TAB, cooTBeTCTBYIOINX HAa4Yaly U OKOHYAHUIO
(hopMHMpPOBaHUS MULIEIUI, COIEPKALINX AJIKMIOCH30JICY Ib(OHAT-HOH.

Kniouesvie cnosa: ankuiOeH30J1CyNbOOKUCIOTA, MOBEPXHOCTHOE HATSDHKEHHE, KPUTHYECKAs KOHLEHTPALUS
MHIEIUI000pa30BaHMs, XJIOPOBOAOPOAHAS KUCIOTA, acOpOIHsl, MOHOMOJIEKYIISIPHBII CIIOH, CONFOOMITH3aIys,
cynaH L.

References

1 Abramzon, A.A., Bocharov, V.V., & Gaevoy, G.M. (1979). Poverkhnostno-aktivnye veshchestva [Surfactants]. Leningrad:
Khimiia [in Russian].
2 Brylyakov, Yu.Ye., Bykov, M.Ye., Kostrova, M.A., & Palamarchuk, G.K. (2003). Primenenie alkilbenzolsulfokisloty pri

flotatsii apatita iz rud Khibinskoho mestorozhdeniia [Application of alkylbenzene sodium sulfo-acid in flotation of the Khibini de-
posit apatite]. Obohashchenie rud — Ore dressing, 5, 19-21 [in Russian].

3 Gershenkop, A.Sh., Evdokimova, G.A., Bryljakov, Yu.Ye., Voronina, N.V., & Kreimer, L.L. (2008). Patent No. 2318606
RF. Publ. BI, 2 [in Russian].

4 Abryutin, D.V., & Streltsova, K.A. (2013). Perspektivy primeneniia protsessa ionnoi flotatsii [Prospects for the use of the ion
flotation process]. Izvestiia vuzov. Tsvetnaia metallurhiia — Universities' Proceedings. Nonferrous Metallurgy, 3, 3—6 [in Russian].

5 Medyanik, N.L., Tussupbayev, N.K., Varlamova, [.A., Girevaya, Kh.Ya., & Kalugina, N.L. (2016). Udalenie tiazhelykh
metallov iz rastvorov metodom ionnoi flotatsii [Removing of Heavy Metals from Solutions by the Ion Flotation Method]. Vestnik
Mahnitohorskoho hosudarstvennoho tekhnicheskoho universiteta im. H.I. Nosova — Vestnik of Nosov Magnitogorsk State Technical
University, 14, 1,18-26. DOI: 10.18503/1995-2732-2016—14—1-18-26 [in Russian].

6 Radushev, A.V., Koltashev, D.V., Nasrtdinova, T.Yu., Shcherban, M.G., Chekanova, L.G., & Plotnikova, M.D. (2010).
Fizicheskie i1 khimicheskie svoistva N-(2-hidroksietil)alkilaminov [Physical and chemical properties of N-(2-hydroxyethyl)-
alkylamines]. Zhurnal prikladnoi khimii — Journal of Applied Chemistry, 83, 8, 1369-1373 [in Russian].

7 Ravdel, A.A., & Ponomareva, A.M. (1983). Kratkii spravochnik fiziko-khimicheskikh velichin [A quick reference to physical
and chemical quantities]. Leningrad: Khimiia [in Russian].

8 Aivazov, B.V. (1973). Praktikum po khimii poverkhnostnykh yavlenii i adsorbtsii [Workshop on the chemistry of surface
phenomena and adsorption]. Moscow: Vysshaia shkola [in Russian].

9 Frolov, Yu.G., & Grodskiy, A.S. (Eds.) (1986). Laboratornye raboty i zadachi po kolloidnoi khimii [Laboratory work and
tasks in colloidal chemistry]. Moscow: Khimiia [in Russian].

10 Holmberg, K., Jonsson, B., Kronberg, B., & Lindman, B. (2007). Poverkhnostno-aktivnye veshchestva i polimery v vodnykh
rastvorakh [Surfactants and polymers in aqueous solutions]. Moscow: BINOM [in Russian].

11 Zabolotnykh, S.A., Zhelnina, V.O., Denisova, S.A., Elokhov, AM., & Lesnov, A.E. (2017). Ispolzovanie
rasslaivaiushcheisia sistemy «voda — antipirin — alkilbenzolsulfokislota» dlia ekstraktsii ionov metallov [The Water — Antipyrine —

78 Bulletin of the Karaganda University



Effect of the hydrochloric acid concentration ...

Alkyl Benzene Sulfonic Acid Stratifying System to Extract Metal lons]. Zhurnal Sibirskoho federalnoho universiteta. Seriia Khimiia
— Journal of the Siberian Federal University. Series Chemistry, 10, 4, 536—-544. DOI: 10.17516/1998-2836-0047 [in Russian].

12 Neudachina, L.K., & Petrova, Yu.S. (2017). Primenenie poverkhnostno-aktivnykh veshchestv v analize [The use of surface-
active substances in the analysis]. Ekaterinburg: Ural Univ. Publ. [in Russian].

13 Bulatov, M.I., & Kalinkin, I.P. (1986). Prakticheskoe rukovodstvo po fotometricheskim metodam analiza [Practical guidance
to photometric methods analysis]. Leningrad: Khimiia [in Russian].

14 Demyantseva, E.Yu., & Kopnina, R.A. (2015). Soliubilizatsiia v rastvorakh poverkhnostno-aktivnykh veshchestv
[Solubilization in solutions of surfactants]. Saint Petersburg: SPbGTURP [in Russian].

CHEMISTRY series. Ne 3(99)/2020 79



