rggnic and Review article OPEN (3 ACCESS
] I Freely available online on
LILC rmcceuhcc http:’/ophcj.nuph.edu.ua

Journal of
&3
Chemistry

UDC 577.15:5615.2:547.2333.4

M. Ye. Blazheyevskiy?, E. Bulska?, A. M. Tupys?, O. V. Kovalska®

! National University of Pharmacy of the Ministry of Health of Ukraine,

53, Pushkinska str., Kharkiv, 61002, Ukraine

2Biological and Chemical Research Centre, Faculty of Chemistry, University of Warsaw,
101, Zwirki i Wigury, Warsaw, 02-089, Poland

Titrimetric Methods for Determining Cationic Surfactants

Abstract

Aim. To generalize and systematize information on titrimetric methods for determining quaternary ammonium compounds
(QACs).

Results and discussion. The review summarizes and systematizes information on the properties of surfactants, provides
their classification, shows the main ways of use in the national economy, and their role in pharmacy and medicine. Currently
known titrimetric methods for determining cationic surfactants, in particular quaternary ammonium compounds, which are
widely used in medicine and pharmacy, are described and summarized.

Conclusions. As a result of the study, the main directions of developing methods for determining QACs by titrimetry methods
have been summarized; the disadvantages and advantages of each of the methods described have been shown. In the fu-
ture, it can be the basis for developing new and more effective methods of analysis.
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TMTpMMETpW-IHi metToaun Bu3Ha4eHHA KaTiOHHUX noBepxHeBO-aKTUBHUX Pe4OBUH

AHoTauin

Merta. Y3arasibHUTK Ta cUCTEMATM3YBATU iHGOPMaLLit0 NPO TUTPUMETPUYHI METOAMN BU3HAUYEHHS YETBEPTUHHUX AMOHIMHMX
cnonyk (YAC).

Pe3ynbtati Ta ix 06roBopeHHA. B ornaai ysaranbHeHo 1 cMCTEMATM30BAHO iHGOPMALLito NPO BAACTMBOCTI NOBEPXHEBO-
AKTUMBHUX PEYOBMH, HaBeAEHO iX KnacudikaL,ito, OKpecaeHO OCHOBHI LWIAXM BUKOPUCTAHHA B HAPOAHOMY rocnogapcTsi Ta ix
ponb y dapmalii i meanumHi. OnucaHo 1 y3arasibHEHO BiflOMi HUHI TUTPUMETPUYHI METOAM BU3HAYEHHS KaTiOHHUX MOBEepX-
HEeBO-aKTUBHUX peyoBUH, 30Kpema YAC, LLLO iX LUIMPOKO 3aCTOCOBYIOTb Y MeAMUNHI Ta dapmalii.

BUCHOBKM. Y pe3ynbTaTi NpOBeAEHOro A0CNIAXKEHHA OKPEC/IEHO OCHOBHI HAaNpPAMM ONpPaLLtOBAaHHA METOAMK BU3HAYEHHA YeT-
BEPTUHHUX AMOHIHUX CNOIYK METOAAMM TUTPUMETPIT, PO3FNAHYTO HEAONIKM 1 MepeBarn KOXKHOIO 3 ONUCaHUX METOAIB, LLLO
B MOAA/IbLLOMY MOKe CTaTU OCHOBOIO A/1A OMNPaLOBAHHA HOBMX, Binbll edeKTUBHMX cnocobiB NpoBeaeHHA aHani3y.
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H Introduction

Surfactants (a contraction of surface-active
agent, devised in 1950) have found application
in almost every branch of chemical industry.
They play an important role as cleaning, wetting,
dispersing, emulsifying, foaming and anti-foaming
agents in many products, including detergents,
fabric softeners, motor oils, emulsions, soaps, paints,
adhesives, inks, anti-fogs, ski waxes, snowboard
wax, deinking of recycled papers, in flotation,
washing and enzymatic processes, and as laxa-
tives [1]. Personal care products, such as cosme-
tics, shampoos, shower gels, hair conditioners,
and toothpastes, also contain them. Alkali sur-
factant polymers act to displace dirt and debris
using detergents when washing wounds [2] and
via the application of medicinal lotions and sprays
to the surface of the skin and mucous membra-
nes [3]. Therefore, many efforts are being made
to understand the physical and analytical chem-
istry of surface-active agents.

The main property of surfactants that deter-
mines how they are used is to reduce the surface
tension (or interfacial tension) between two lig-
uids, between a gas and a liquid, or between a
liquid and a solid [4]. From the structural point
of view surfactants are amphiphilic molecules
consisting of a non-polar hydrophobic “water-
avoiding” group (the tail), usually a straight or
branched hydrocarbon or fluorocarbon chain con-
taining 8—18 carbon atoms attached to a polar
or ionic hydrophilic “water-seeking” group (the
head) [5]. The water-insoluble hydrophobic group
may extend out of the bulk water phase, into the
air or into the oil phase, while the water-soluble
head group remains in the water phase.
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Most commonly, surfactants are classified ac-
cording to the polar head group into four classes,
1.e., non-ionic, cationic, anionic, and zwitterionic/
amphoteric surfactants [6]. A non-ionic surfac-
tant has no charged groups in its head. The head
of an ionic surfactant carries a full positive, or
a full negative charge. If the charge is negative,
the surfactant is called anionic; if the charge is
positive, it is called cationic. In case a surfactant
contains the head with two oppositely charged
groups, it is termed zwitterionic (Figure 1).

We would like to note right away that this re-
view will focus specifically on the analytical as-
pects of cationic surfactants (CS), and the main
reason is their high impact on the chemical in-
dustry and involvement in almost all spheres of
human life. CS first became important more than
70 years ago when their unique bactericidal pro-
perties were reported [7, 8]. To quote Anna Gil-
lis: “In the industry they are considered the ulti-
mate workhorses. They decolorize sugar, kill bac-
teria growing in waterbeds, and help to pull the
last driblets of oil from drilling wells. They serve as
ingredients in products ranging from underarm
deodorants to fiberglass for sail boats. Mostly,
they’re used to keep the laundry soft. These jacks-
of-all-trades are quaternary ammonium com-
pounds, or quats.” [9]. CS have the capacity of self-
assembling [8], being widely used in biotechno-
logy [11, 12]. They play an important role in bio-
technological applications, determining the huge
potential of cationic amphiphilic agents as drug
carriers in pharmacy and biomedicine [13].
Occurrence of positively charged fragments in an
amphiphilic scaffold is responsible for their at-
tractiveness in nanotechnological applications
as antimicrobial and bioimaging agents [14, 15],
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Figure 1. Classes of surfactants
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corrosion inhibitors [16], supramolecular cata-
lysts [17], stabilizers of nanoparticles and nano-
carriers [18, 19], and especially as drug and gene
nanocarriers [20]. Cationic head groups of sur-
factants provide their high affnity toward bio-
polyanions, such as DNA [21, 22], cell membra-
nes, and intracellular organelles, such as mito-
chondrion, thereby initiating the development of
a promising area of therapy, the so-called mito-
chondrion medicine [23, 24]. A series of works
focusing on the application of CS in drug delive-
ry have been recently reviewed [25, 26], with the
emphasis given to their use for gene therapy [27,
28], as a template for the synthesis of mesoporo-
us materials [29], as well as to their biocidal ac-
tion against bacteria and fungi [30, 31].

The positive charge within CS is almost in-
variably centered around one or more nitrogen
atoms. Although corresponding analogs contai-
ning sulfur, phosphorus, or arsenic have been found,
they are considerably more expensive than their
nitrogenous counterparts. Hence, they have not

found a practical application. Some the most
common substances of this class are given in
Figure 2.

The charge of CS may be either permanent
or only exist in certain pH value ranges. Quater-
nary ammonium compounds (QACs) retain their
cationic character at any pH. Primary, seconda-
ry, and tertiary amines can be positively charged,
depending on the ambient pH value. A typical
fatty primary amine has a pK, value of approxi-
mately 3.4. Although the simple equilibrium bet-
ween the free base (RNH,) and its conjugate acid
(RNH.*) is complicated by adsorption of both spe-
cies from the solution and by the micelle forma-
tion, as a rough guide the concentration of the
cationic form is equal to that of the free base at
a pH value of 10.6 and greater than it at lower
values. Fatty amines are therefore justifiably in-
cluded as CS in their own right in addition to be-
ing intermediates in the synthesis of QACs [32].

The most important property of CS from
an environmental perspective is that they are
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Figure 2. Examples of cationic surfactants
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Table 1. The surfactant market in personal care by type in USS, Bn

USS billion .
2015 2016 2018 2021 2024 CAGR®, %

Anionics 0.48 0.49 0.52 0.57 0.61 2.7
Nonionics 1.99 2.11 2.31 2.62 2.97 4.7
Cationics 1.76 1.90 2.19 2.68 3.28 7.4
Amphoterics 1.46 1.58 1.82 2.25 2.77 7.7
Others 0.44 0.42 0.44 0.54 0.64 4.7
Total 6.13 6.49 7.29 8.65 10.27 5.9

Note: [a] CAGR (compound annual growth rate) is a business and investing specific term for the geometric progression ratio that provides a constant rate

of return over the time period

strongly sorbed by a wide variety of materials,
such as natural sediments and soils. Numerous
studies indicate that CS are also rapidly and
strongly sorbed by many other materials of envi-
ronmental relevance [33, 34]. A related property
of CS is that they form 1:1 complexes with ani-
onic materials, especially anionic surfactants.
The complexes are relatively hydrophobic, but lar-
gely ionic in character [35]. This leads to the fact
that CS may not be detected by some analytical
methods, causing a failure to demonstrate their
presence in environmental samples or confusion
of complexation with degradation in fate studies.

Consumption of CS was estimated to be
190,000 and 150,000 tons in 1987 in the United
States and Western Europe, respectively [36] and
since then it has been increasing. It is likely that
most or at least a large portion of this was sewe-
red. The available data suggest that CS are ubi-
quitous environmental contaminants, at least in
populated areas. Table 1 demonstrates utiliza-
tion of various groups of surfactants in person-
al care. It reveals that CS are among the most
used ones, and it is confirmed by growth rates
and estimated value for 2024.

Considering the huge spread of CS, their to-
xicity remains a serious problem that hinders their
widespread practical use and raises many envi-
ronmental safety concerns. Thus, the toxicity of
QACs, which are antibacterial and antifungal,
varies. Dialkyldimethylammonium chlorides used
as fabric softeners have a low LD;, (5 g kg!) and
are essentially non-toxic, while the disinfectant
alkylbenzyldimethylammonium chloride has LD,
of 0.35 g kg'. Prolonged exposure to CS can irri-
tate and damage the skin since they disrupt the
lipid membrane that protects the skin and other
cells. Many CS are not only potent germicides,
but also acutely toxic in the milligram per liter
range and lower to aquatic organisms, including
algae, fish, mollusks, barnacles, rotifers, starfish,
shrimp, and others [37—40]. CS have been shown
to elicit acute toxic effects in aquatic organisms

by disrupting gill membranes, thus interfering
with O, exchange [41]. Benzalkonium bromide
acts as an inhibitory uncoupler in mitochondria.
CS are possibly toxic to higher plants [42].

Taking into account the abovementioned is-
sues concerning enormous spread and toxicity
of CS, numerous analytical methods have been
developed aiming at controlling their content in
various environmental objects and products of
different purposes. Many of the older methods
are colorimetric, in which CS react with anionic
dyes; the surfactant-dye complexes are extract-
ed into an organic solvent, and the absorbance
of the solution is measured spectrophotometri-
cally [43]. However, these methods are generally
unsuitable for monitoring levels of cationics in
sewage or environmental samples or for labora-
tory studies, in which anionic surfactants are also
present, since the affinity of CS for anionic sur-
factants is often greater than their affinity for
the dyes. Here we are going to give a brief over-
view of classical and new titrimetric analytical
methods designed to quantify CS.

B Results and discussion

Currently, various methods are used for the
quantitative and qualitative analysis of CS in
analytical chemistry, including pharmaceutical
chemistry. They are titrimetry, spectrophotom-
etry, capillary electrophoresis, chromatography,
and electrochemical methods.

Direct, reverse and two-phase titration
of CS

In particular, to control the composition of a
CS substance and the quality of the final pro-
ducts at cosmetic enterprises, the following me-
thods are used: two-phase titration [44], spectro-
photometry [45] and chromatography [46]. These
methods are fast, simple and allow determining
the class of CS. The main disadvantages of these
methods, with the exception of chromatography,
are as follows: the accuracy of CS determination
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depends on the presence of impurities, these me-
thods are not selective in relation to individual
representatives of CS, do not allow homologous
identification, i.e. with the help of these methods
it is impossible to determine the content of an
individual CS in the mixture. At the same time,
most often only individual identification allows
to assess the scope of application, toxicity and
biodegradation of CS if they are released into the
environment [47].

Titrimetric methods were the first ones wi-
dely used for the CS analysis, and they still re-
main quite common today [48, 49]. Titration is
an effective and economical method of measuring
the surfactant concentration. High speed and low
cost make this method particularly advantageous
and suitable for use, even in field conditions.

The pharmacopoeial method of analysis of QACs
using an example of benzalkonium chloride as a
QAC is based on the exchange reaction. A known
excess of iodide is added to the sample solution,
and the quaternary ammonium iodide is removed
when shaking with chloroform. The excess of io-
dide is titrated by the iodate method. When the
chloroform extraction is made from a slightly al-
kaline solution only quaternary ammonium com-
pounds are measured; if it is made from a slight-
ly acid solution, non-quaternary cationic amine
impurities are also included. The difference bet-
ween assay results obtained from acid and alka-
line extractions represents the non-quaternary
amine content (Figure 3) [50, 51].

However, the titration of QACs can be per-
formed simpler in an aqueous solution with

application of sodium dodecyl sulphate as a ti-
trant and methyl orange or bromophenol blue
as an indicator. Cetylpyridinium tetrachlorozin-
cate is recommended as a standard to determine
the titrant concentration [52].

Halogen-containing salts of QACs can be ti-
trated in the medium of a non-aqueous solvent —
glacial acetic acid, and halogen anions bound
to a quaternary nitrogen atom are determined.
Such methods are suitable for the analysis of pure
samples that do not contain other salts, and other
anions. At the same time, the choice of the ti-
trant depends on the halide ion present in the
salt (Figure 4) [53].

A more specific analysis of CS is the two-phase
titration with an anionic surfactant. A number of
indicator dyes, in particular bromophenol blue,
methylene blue, which are often used during the
analysis of anionic surfactants AS, are also suit-
able for the titration of cationic ones. [54]. Accord-
ing to Hartley and Runicle [55, 56], bromophe-
nol blue should be used as an indicator for CS.
Under these titration conditions, after adding an
excess drop of the titrant, the aqueous phase of
the solution becomes blue.

The method of the analysis according to Epton
[567] (with methylene blue as an indicator) is still
widely used (Figure 5). In this titration, CS is
precipitated by an anionic surfactant in a bipha-
sic mixture of water and chloroform. The ion pair
formed must be extracted into chloroform with
vigorous shaking. The endpoint is the point at
which a purple color of the aqueous phase of the
solution becomes colorless. The disadvantages
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Figure 5. The titration of cationic quaternary ammonium compounds by Epton

of this complex method are: the use of chloro-
form which is a relatively toxic solvent; a long
waiting period for the phase distribution; inac-
curate visual recognition of the endpoint.

Simultaneously, Preston [58] used the change
in the surface tension as an indicator to record
the endpoint of the titration. However, none of
the methods for determining the endpoint of the
titration is completely satisfactory. In the first
case, the color change is not clear (sharp), and in
the other one, the change in the surface tension
is affected by the presence of inorganic salts.

Since the scope of application of methods for
the quantitative determination of QACs 1s quite
wide, the interest is quite high. Therefore, the
method of the two-phase titration with methyle-
ne blue for determining the concentration of va-
rious cationic surface-active substances in water
with a high salt content (22% of dissolved solids)
is also presented in the literature. The endpoint
of the titration was determined by decolorization,
while the blue color completely changed from the
aqueous phase to the chloroform phase. Light ab-
sorption at the characteristic wavelength of me-
thylene blue was measured using a spectropho-
tometer. When the absorbance fell below a thre-
shold value of 0.04, the aqueous phase was con-
sidered colorless, indicating that the endpoint of
the titration had been reached. Using this im-
proved technique, the total error of the titration
of CS, such as dodecyltrimethylammonium bro-
mide, in deionized water and high salinity wa-
ter was 1.27% and 1.32% with detection limits
(LOD and LOQ) of 0.149 and 0.215 mM, respec-
tively [59].

J. Cross gave the general rules for the titra-
tion of CS by an anionic one. It is valid if:

* one surfactant’s alkyl chain should be at

least C,,;

* the titration standards are sufficiently pure
and belong to the same class of compounds
as the compound being determined,;

* mnonionic surfactants are absent in the sam-
ple analyzed.

The accuracy of the method of non-aqueous
titration of CS by an anionic titrant depends on
the choice of the titrant and the indicator [60, 61].
When developing titration methods the require-
ments specified above must be met. It is also ne-
cessary to take into account that titration is ba-
sed on the preservation of surfactants of their
ionic character, and therefore, the pH is crucial.
All common CS can be titrated at pH 3 using me-
thyl orange as an indicator. At pH 10, only CS be-
longing to quaternary ammonium salts (QACs)
can be determined, at the same time, impurities
of non-quaternary amines are insufficiently ioni-
zed and do not interfere with titration. At pH 13,
only some of the compounds can be identified,
including the most common products, such as
alkyltrimethyl- and dialkyldimethylammonium
and benzyltrialkylammonium salts. Bromophe-
nol blue is a suitable indicator for titrations at
pH 10 and 13.

A stepwise titrimetric method for the simul-
taneous determination of QACs (R,N*) and aro-
matic amines (R,;N) has been developed. The tech-
nique 1is based on the extraction of the ionic asso-
ciates of R,N* and R,NH" formed with a titrant.
Sodium tetrakis(4-fluorophenyl)borate or sodium
tetraphenylborate was used as a titrant, and po-
tassium tetrabromophenolphthalein ethyl ether
(TBPhE) was used as an indicator. The ionic as-
sociate formed between R,N* and TBPhE had a
blue color in 1,2-dichloroethane, while the ionic
associate formed between R,NH* and TBPhE had
a red-violet color. Sample solutions, containing
quaternary ammonium and/or amine compounds
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were titrated with sodium tetrakis(4-fluorophe-
nyl)borate or sodium tetraphenylborate. When one
excessive drop of the titrant was added, the color
of the organic phase changed from blue or red-
violet to yellow at the endpoint of the titration.
On the other hand, in the mixture of R,N* and
R,N the color changed from blue to red-violet in
the first endpoint. Therefore, quaternary ammo-
nium compounds and aromatic amines in phar-
maceutical preparations can be simultaneously
successfully determined by the titration method
proposed [62].

Titrimetric methods with the potentio-
metric determination of the endpoint

Today, a number of titrimetric methods with
the potentiometric determination of the endpoint
are quite common in the literature. At the same
time, to control the endpoint of the titration com-
mercially available perchlorate, nitrate and cal-
cium electrodes can be used. This eliminates the
need to manufacture a special liquid membrane
or other electrodes, which were most often used
until now for the potentiometric titration of sur-
face-active substances. The reverse titration of
CS with the standard solution of sodium dodecyl
sulfate is usually performed [63]. It is important
to note that when the concentration of CS is very
low, its adsorption by glassware is significant.
Therefore, one should use plastic dishes or glass
dishes pre-washed with the sample.

In his work J. T'. Bentglini compared the me-
thods of determining the quantitative content of
QAC derivatives with the visual control of the
endpoint and the potentiometric one. To deter-
mine the endpoint, standard sodium lauryl sul-
fate was chosen as a titrant, and a nitrate-ion-
selective or surface-active electrode was used.
A comparison of the results of these two methods
showed that the automatic potentiometric method
1s more accurate, simpler, faster and, in general,
more suitable for use in production laboratories
than the biphasic titration method [64].

The potentiometric two-phase titration is also
used by the German Institute for Standardiza-
tion, particularly in the DIN EN 14480 standard.
The procedure is as follows: a surfactant solution
is introduced into a flask for titration, a two-phase
mixture of water and methyl isobutyl ketone/
ethanol (1:1) and an emulsifier are added. The re-
sulting emulsion is titrated with intensive stir-
ring. The endpoint of the titration is determined
potentiometrically using electrodes sensitive to
cationic surface-active surfactants. The method
described in this standard has the following
advantages compared to the classical Epton’s

titration: the use of safe solvents, expressivity, in-
creased accuracy due to the computerized deter-
mination of the endpoint of the titration. The ad-
vantage of the method described in the German
standard is also its wide range of applications
due to the possibility of determining the content of
surface-active substances in cosmetic and house-
hold products (hair conditioner, bath oil, wash-
ing powder), as well as in technical products (in-
dustrial cleaning products).

The International Organization for Standardi-
zation (ISO) offers separate procedures for the
determination of cations with high and low mo-
lecular masses. Compounds with a low molecu-
lar mass (less than 500), such as alkyltrimethyl-
ammonium salts, are dissolved and titrated us-
ing 0.005 M sodium dodecyl sulfate (SDS) solu-
tion as a titrant (pH adjusted to 2.5 using 1.0 M
hydrochloric acid solution). In this method, sur-
factrode Refill electrodes, the reference electrode
Ag/AgCl/3M KCl are used [65]. Compounds with
a high molecular mass (more than 500), such as
dialkyldimethylammonium fabric softeners, have
poor solubility in water and are therefore first
extracted from the test sample with isopropanol,
then diluted with water, and then titrated with
an anionic surfactant. The ISO procedure recom-
mends sodium dodecyl sulfate of high purity for
titration. It should be noted that the generally
accepted titrant according to GOST standards for
the two-phase titration of cations is a tetraphe-
nylborate ion [66]. The titration endpoint can be
monitored using fluoroborate ion-selective indi-
cator electrodes and a double jump titration refe-
rence electrode [67].

Guang-yu Yuan and co-authors prepared a ca-
tionic surface-active ion-selective electrode and
described its performance. The electrode had a
lower detection limit of about 10 mol Li'*. The con-
centrations of three CS — cetyltrimetrylammo-
nium bromide (CTAB), dodecyldimethylbenzyl-
ammonium chloride (DDMBAC), octadecyltrime-
thylammonium chloride (OTMAC) were determi-
ned by the method of the potentiometric titration
using the solution of sodium tetraphenylborate
as a titrant. The titration results were satisfac-
tory. Relative errors in potentiometric titration
were 2.12%, 3.45% and 4.21%, respectively [68].

Therefore, in view of the above, the biphasic
and potentiometric titration are the two main tech-
niques widely used and described in the litera-
ture. The biphasic titration is a relatively sim-
ple process that requires only minor equipment
preparation, but it has a number of disadvan-
tages: it is difficult to determine the titration
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endpoint, laborious, health hazard due to the use
of harmful organic solvents, etc. The potentiomet-
ric titration has been proven to overcome most
of these problems.

Compared to the classical (Epton) titration
the direct potentiometric titration of CS using
surfactants resistant to organic solvents can be
easily automated. Even complex matrices, such
as fats and oils in bath oils and hair conditioners
or strong oxidants in laundry detergents and in-
dustrial cleaners, do not interfere with the titra-
tion of ionic surfactants, experiments were car-
ried out with CTAB, CPC, benzalkonium chlori-
de (BAC) and didecyldimethylammonium chlo-
ride (DDAC). The results obtained show excel-
lent agreement with the Epton titration results.
Regardless of the substance, the relative stand-
ard deviation (RSD) of the triplicate determina-
tion was less than 2.1% [69].

Ion-selective electrodes for the determina-
tion of quaternary ammonium compounds

A new sensitive potentiometric electrode of
a surface-active substance based on highly lipo-
philic 1,3-didodecyl-2-methylimidazolium and the
antagonist ion — tetraphenylborate was developed.
This sensor was used as a sensitive material and
incorporated into a plasticized PVC membrane.
The electrode gave a fast Nernst response for the
CS studied: cetylpyridinium chloride (CPC), he-
xadecyltrimethylammonium bromide, and (diiso-
butylphenoxyethoxyethyl)dimethylbenzylammo-
nium chloride (hiamine) with slopes of 59.8, 58.6,
and 56.8 mV decade?, t = 25 °C, respectively.
The electrode served as an endpoint detector du-
ring the potentiometric titration of the ion pair
of a surfactant using sodium tetraphenylborate
as a titrant. Several technical grade CS and se-
veral commercial disinfectants were also titra-
ted, and the results were compared to those ob-
tained using the standard two-phase titration me-
thod. The electrode showed satisfactory analyti-
cal performance in the pH range of 2—11 and ex-
cellent selectivity towards CPC compared to all
organic and inorganic cations tested [70].

Potentiometric electrodes with plasticized poly-
mer membranes based on organic ion exchangers
for the study of cationic and ethoxylated nonionic
surface-active substances (CS and EONS) have been
proposed. The titration was performed in one step.
The anionic titrant (TPB) reacted first with CS:

CS* + TPB- — CS*'TPB- 1)

Ba? + xEONS — [Ba(EONS)x]*  (2)

More simply, the above equation can be writ-
ten as follows:

Ba* + xLL —» Ba(LL*), 3)
where L, = EONS.
Ba(L#*) _ + 2TPB - BaL. (TPB), (4)

The difference of 3—4 pK, units between the
solubility product values of both of the TPB ion as-
sociates (Egs. (1) and (4)) caused the appearance
of two distinct inflexions at the titration curve.
The first inflexion related to the surfactant that
formed with less soluble TPB ion-pair complex
(with a lower solubility product value). It was CS.
It was shown that ion associates (Egs. (2) and (4))
were stable up to 60—70 °C, K4 varied in the range
from 2 X 10® to 5 x 1071 M. The main electroche-
mical parameters were also determined. They were
the linearity ranges of the electrode function
(5x10° (5 x10%-1 x 102% (1 x 10 M) and the
slopes of the electrode functions (47—-59 mV de-
cade), response time (60-90 s), drift potential
(2—-3 mV in a day), shelf life (3—4 months), li-
mits of detection of tetramethylammonium salts
(1 10°—4 x 107 M) [71].

M. Gerhard presented a new type of an ion-
selective electrode for determining the content
of cetylpyridinium chloride. This new electrode
includes screen-printed modified and unmodified
ion-selective electrodes for determining cetylpy-
ridinium chloride. Electrodes with screen print-
ing (SPE) show a stable response close to Nernst
in the range of concentrations of 1 X 102-1 x 10 M
cetylpyridinium chloride, at 25 °C in the inter-
val of pH 2—8 with a slope of 60.66 + 1.10 mV de-
cade!. The lower detection limit is 8 X 10" M, the
response time 3 s and the satisfactory shelf life —
6 months. The produced electrodes can also be suc-
cessfully used in the potentiometric titration of
cetylpyridinium chloride using NaTPB. Analyti-
cal characteristics of SPE were compared with
those for carbon paste electrodes and polyvinyl
chloride electrodes (PVC). It was shown that the
method could be applied for pharmaceutical pre-
parations with the reproducibility of 99.60% and
RSD — 0.53%. The studies used analytical and
technical grade cetylpyridinium chloride, as well
as various water samples that were successfully
titrated, and the results were consistent with
those obtained with a commercial electrode and
the standard two-phase titration method. The sen-
sitivity of the method proposed was compared

ISSN 2308-8303 (Print) / 2518-1548 (Online)



MKypHan opaaHiyHOI ma dpapmayesmuyHoi ximii 2022, 20 (3)

to the official method, and the possibility of field
measurements was proven [72].

M. Gerhard with colleagues also investigated
the effectiveness of printed carbon ink in the pro-
duction of simple screen-printed carbon paste elec-
trodes (SPCPE). Such electrodes are used for the
potentiometric determination of cetyltrimethyl-
ammonium bromidein various pharmaceutical pre-
parations and water samples. Their efficiency is
compared to the indicators of electrodes with a
carbon paste, an electrode with coating, a graphi-
te and polyvinyl chloride electrode. SPCPE were
successfully used for the potentiometric titration
of CTAB in model solutions, the potential jump
was 1050 mV. The successful application of the
method for the analysis of pharmaceutical pre-
parationswithapercentageofreproducibility was
proven to be 99.20 % and RSD = 0.45%. The elec-
trodes had an almost the Nernst cationic slope —
58.70 £ 1.3 and 56.32 + 2.4 mV, the method al-
lowed to reach the lower detection limit — 6.8 X 10”7
and 5.80 X 107 M, reproducibility — 0.14 and 3.25%,
and the reaction time — 3 s; it demonstrated a suf-
ficient shelf life — 6 and 2 month for SPCPE [73, 74].

In order to characterize micellar aggregates
of imidazolium-based ionic liquids, a new poten-
tiometric method was developed: a PVC-sensor
based on neutral ion-pair complexes of dodecyl-
methylimidazolium bromide — sodium dodecyl
sulfate (C,,MeIm(+)DS(-)). The electrode had a

linear response in the concentration range of
7.9 X 10°-9.8 x 10* M with the Nernst inclination
of 92.94 mM decade?, the response time — 5 s
and the critical concentration of micelle forma-
tion (CCM) — 10.09 mM for C,,MeImBr. The per-
formance of the electrode in studying the criti-
cal micellar concentration of C,,MelmBr in the
presence of promazine and promethazine hydro-
chlorides and three triblock copolymers (P123, L.64
and F68) was proven to be satisfactory compared
to conductivity measurements. Thus, the electro-
de makes it possible to implement a simple, clear
and relatively fast method for the characteriza-
tion of micellar aggregates C,,MeImBr, supple-
menting existing conventional techniques [75].
The ISE-electrode was made for determining
1-ethoxycarbonyl) pentadecyltrimethylammoni-
um bromide (Seponex). It was based on using
septonex-tetraphenylborate as an electroactive
agent and o-nitrophenyloctyl ether (o-NPOE) as
a plasticizer. The electrode exhibited the respon-
se similar to the Nernst one — 59.33 = 0.85 mV,
in the interval of pH from 2 to 9 with a lower
detection limit of 9 X 107 M, the response time
of approximately 5 s, and the storage period of
6 months. The method was used to determine Sep-
tonex in pharmaceutical preparations. The per-
centage of reproducibility of the results was 99.88%
with RSD = 1.24%. The electrode was successfully
applied in determining Septonex in laboratory-

Table 2. Examples of ion-selective electrodes for potentiometric titration of cationic surfactants

Nernst LOD or ran
Composition of an electrode Titrant response, Cationic surfactants pH | Ref orrange
4 of linearity
mV decade
. | Cationic surfactants sodium tetra- - DDMBAC, CTAB, OTMAC 3 | [68] 10°® mol L
phenylborate
. CPC, CTAB, diisobutyl-
13 dldpdgcyl 2._ . sodium tetra- | 59.8, 58.6, |phenoxyethoxyethyl)
methylimidazolium + sodium henvib d di hvlb | . 2-11|[70] -
tetraphenylborate phenylborate and 56.8 imethylbenzylammonium
chloride (hiamine)
1,3-didecyl-2- sodium tetra-
methylimidazolium + henviborate 2-3mVday? | CS and EONS 3-10 [71] 1x10°-4x10"M
tetraphenylborate ion pheny
SPE modified ion-selective LOD =8x107 M,
" | electrodes - 60.66 +1.10) CPC 2-8 | [72] 1x102to 1x10°* M
. | SPCPE - 58.70 £ 1.3 |CTAB [73] LOD 6.8x107" M
Dodecyltrimethylammonium
. ;if)‘ectt%:s:g’;tt’:rate * - 55.95 + 0.58 | DTAB 3 |[74] | LOD = 6.8x10° mol L
DTA+TPB + DOS
. | C,Melm *-ISE - 92.94 C,,MelmBr - | [75]| 7.9x10°-9.8x10°* M
Septonex—tetraphenylborate (Ethoxycarbonyl)penta-
. |+ -nitrophenyloctylether - 59.33 + 0.85 | decyltrimethylammonium | 2—-9 | [76] LOD =9x107 M
(o-NPOE) bromide (septonex)
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prepared samples by the direct potentiometric me-
thod using the calibration curve or the standard
application method. The potentiometric titration
of Septonex with sodium tetraphenylborate and
phosphotungstic acid as a titrant was monitored
with the modified screen-printed electrode as an
endpoint indicator electrode. Selectivity coeffi-
cients for Septonex relative to a number of po-
tential interfering substances were determined.
The sensor was highly selective for Septonex over
a large number of compounds. Selectivity coef-
ficient data for some common ions showed neg-
ligible interference; however, cetyltrimethylam-
monium bromide and iodide ions interfered sig-
nificantly. The analytical usefulness of the elec-
trode proposed was evaluated by its application
when determining Septonex in laboratory-prepa-
red pharmaceutical samples with satisfactory re-
sults. The results obtained with the fabricated
sensor are comparable with those obtained by the
British Pharmacopeia [76].

As can be seen from the material described,
the issue of developing ion-selective electrodes
for determining QACs occupies a favorable posi-
tion in modern analytical chemistry (Table 2).
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B Conclusions

Thus, based on the generalized and systema-
tized information of literary sources, one can con-
clude that titrimetry is the generally accepted stan-
dard method for determining the content of CS.
At the same time, it is necessary to note that re-
searchers pay their attention to the prospect of
developing new instrumental methods for deter-
mining the endpoint of titration since these me-
thods are more accurate, simpler, and faster than
visual ones. The combination of titrimetry with
instrumental methods expands the possibilities
of applying the methods, providing expressivity
and increased accuracy in the computerized de-
termination of the endpoint of titration.
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