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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. % HCl 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 I. 

 

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, ABSА 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 CnH2n+1C6H4SO3Н,  
n = 10–14, the basic substance content is 96 %, and the average molecular weight is 320.9 g·mol–1. 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 HCl (ρ = 1.182 g·mL-1, chemically pure). 

All experiments were performed at 23 ºC (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. % HCl 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 HCl 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–1) according to the formula: 

 0 ,CMCa
CMC

σ − σ=  

where σ0 — is the water surface tension; σCMC — is the solution surface tension during CMC. 
The surface tension isotherms also were used to determine the specific adsorption (Gm) of ABSA by the 

formula: 
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where R — is the universal gas constant. 
The area occupied by the ABSA molecule (S0) was calculated by the formula: 
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1
,
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where NA — 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 λ = 400 nm. Then, the amount of solubilized dye  
(S, mg·L-1) 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-1, 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 (Sm) of ABSA solution was calculated as the ratio of the obtained S value to the ABSA concen-
tration (c, g·L-1) [9]: 

 .m

S
S

c
=  

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-1, CMC1 = 0.74 g·L-1 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 g·L-1 ABSA and a sharp 
increase in the solutions viscosity (Fig. 1, curve 2). 
 

 

Figure 1. Isotherms of surface tension (1) 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. 
 

 

Figure 2. The effect of HCl 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 (pKa = 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. 

T a b l e  1  

The effect of ionic strength (I) on the surface-active characteristics of ABSA 

C, mol·L-1 (С, wt. %) I 
lnCMC [CMC, g·L-1] 

a, mN·m2·kg-1 
CMC1 CMC2 

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. % HCl, 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 HCl 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. % HCl 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 HCl solutions 

T a b l e  2  

Influence of ionic strength on the parameters of the ABSA monomolecular layer at the «liquid – gas» interface 

C, mol·L-1 (С, wt. %) I Gmax, μmol·m-2 S0·1019, m2 

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]: 
 А = 0.0147·Сdye (R

2 = 0.9983), 
where A — is the optical density; Сdye — is Sudan I concentration, mg·L-1. 

 

 

Figure 4. The calibration graph of Sudan I in benzene (UNICO, λ = 400 nm, l = 0.5 cm) 
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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. % HCl 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). 

 

 

a b 

Figure 5. The effect of HCl content on the dye solubilization (a) and the solubilizing ability of ABSA solutions (b) 

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. % HCl 
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). 

T a b l e  3  

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

C, mol·L-1 (С, wt. %) ABSA concentration range, g·L-1 (lnC) 
Extreme points, g·L-1 (lnC) 
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. 
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The work was carried out using the equipment of The Core Facilities Center «Research of materials 
and matter» at the Perm Federal Research Center of the Ural Branch of the Russian Academy of Sciences 
(PFRC UB RAS). 
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Хлорсутек қышқылы концентрациясының сызықтық 
алкилбензолсульфоқышқылының беттік-белсенді  

жəне функционалды сипаттамаларына əсері 

Алкилбензолсульфоқышқылының (АБСК) беттік-белсенді (беттік керілу, адсорбция, адсорбциялық 
мономолекулалық қабаттағы молекуланың көлденең қимасының ауданы) жəне коллоидтық 
(тұтқырлық, мицелланың түзілуінің критикалық концентрациясы, солюбилизация) қасиеттері 
зерттелді. Хлорсутек қышқылының қатысында АБСК беттік-белсенділігі артады. Адсорбция 
изотермаларында бейорганикалық қышқыл мөлшері 5 жəне 10 % болған кезде екі иілу сызығы 
көрінеді, бұл сатылы мицелланың пайда болуын көрсетеді. Хлорсутек қышқылының қатысында 
алкилбензолсульфоқышқылының диссоциациясы əлсірейді, осыған байланысты ол төмен 
концентрацияларда мицеллалар түзе отырып, иондық емес беттік-белсенді зат ретінде əрекет етеді. 
Қоспада алкилбензолсульфоқышқылының мөлшері ұлғайған сайын диссоциацияланған жəне 
диссоциацияланбаған беттік-белсенді заттың бөлшектерінен тұратын аралас мицеллалар пайда бола 
бастайды. Хлорсутек қышқылының аз мөлшерінде сулы ерітіндімен салыстырғанда беттік-белсенді 
заттың шекті адсорбциясының мəні едəуір артады. Сулы ерітіндіге қарағанда, бейорганикалық 
қышқыл қатысында пайда болған мономолекулалық қабат тығыз болады. Судан I бояғышының 
алкилбензолсульфоқышқылымен солюбилизациясы ерітіндінің қышқылдылығы артқан сайын 
ұлғаяды. Құрамында хлорсутек қышқылы 5 жəне 10 % болғанда, солюбилизациялау қабілеті 
изотермаларында құрамында алкилбензолсульфонат — ионы бар мицеллалардың пайда болуының 
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басталуы мен аяқталуына сəйкес келетін беттік-белсенді зат концентрацияларының экстремумдары 
байқалды. 

Кілт сөздер: алкилбензолсульфоқышқылы, беттік керілу, мицелла түзілуінің критикалық концентра-
циясы, хлорсутек қышқылы, адсорбция, мономолекулалық қабат, солюбилизация, судан I. 

 
С.А. Заболотных, М.Г. Щербань, А.Д. Соловьев 

Влияние концентрации хлороводородной кислоты  
на поверхностно-активные и функциональные характеристики  

линейной алкилбензолсульфокислоты 

Изучены поверхностно-активные (поверхностное натяжение, адсорбция, площадь поперечного сече-
ния молекулы в адсорбционном мономолекулярном слое) и коллоидные (вязкость, критическая кон-
центрация мицеллобразования, солюбилизация) свойства водных и солянокислых растворов анионно-
го поверхностно-активного вещества (ПАВ) алкилбензолсульфокислоты (АБСК). В присутствии хло-
роводородной кислоты поверхностная активность АБСК увеличивается. На изотермах адсорбции при 
содержании неорганической кислоты 5 и 10 мас. % установлено наличие двух перегибов, что свиде-
тельствует о ступенчатом мицеллообразовании. В присутствии хлороводородной кислоты подавляет-
ся диссоциация алкилбензолсульфокислоты, в связи с чем она ведет себя как неионное ПАВ, образуя 
мицеллы при более низких концентрациях. С ростом содержания алкилбензолсульфокислоты в смеси 
появляются смешанные мицеллы, образованные частицами диссоциированного и недиссоциирован-
ного ПАВ. При малых количествах хлороводородной кислоты значительно увеличивается значение 
предельной адсорбции ПАВ по сравнению с водным раствором. В присутствии неорганической ки-
слоты образующийся мономолекулярный слой является более плотным, чем в водном растворе. Со-
любилизация красителя судана I алкилбензолсульфокислотой растет с повышением кислотности рас-
твора. На изотермах солюбилизирующей способности при содержании хлороводородной кислоты 5 и 
10 мас. % наблюдаются экстремумы при концентрациях ПАВ, соответствующих началу и окончанию 
формирования мицелл, содержащих алкилбензолсульфонат-ион. 

Ключевые слова: алкилбензолсульфокислота, поверхностное натяжение, критическая концентрация 
мицеллообразования, хлороводородная кислота, адсорбция, мономолекулярный слой, солюбилизация, 
судан I. 
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