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ANNOTATION

Obtaining ion associates is one of the main ways of modifying electronegative or electropositive
organic reagents with surfactant ions having an opposite charge. This path is typical for ionic
surfactants and reagents that give ions in aqueous solutions. The formation of the
corresponding ion associates can be predicted. For a long time it was believed that due to the
high dielectric constant of water in aqueous solutions, the formation of ion pairs is unlikely.
Surfactant ions interact with an organic reagent through an analytical-active group, so there is
no competition with the formation of a reagent complex with a metal ion. This makes it possible
to create a large number of practically new, more effective modified reagents from known
organic reagents. This path is typical for ionic surfactants and chromophore polydentate
chelating or, in general, complexing reagents.
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INTRODUCTION
To modify organic reagents with negatively charged analytical-active groups, long-chain
cationic surfactants containing at least 12 carbon atoms in the alkyl radical are used - salts of
quaternary ammonium bases (for example, trimethylcetylammonium bromide),
alkylpyridinium salts (N chloride -cetylpyridinium) and other heterocyclic amines, primary,
secondary and tertiary amines capable of being protonated in water to form cations. The
modification of organic reagents of these classes is based on the concept of the formation of ion
pairs (fon associates).
Reaction scheme for R(OH)2 reagent with one functional-analytical group and one analytical-
active group (AAD) ('COzH, -OH, -SO3H) cationic surface-active substance can be written
as follows:
n R(OH)z + n KIT AB + Mr+ ~ Mr+[ROs2" « KIIAB+], + 2n H+.
The reagents of the classes of sulfophthalein indicators, phenolcarboxylic acids of the
triphenylmethane series, and also some other classes of organic reagents have been most fully
studied and most effective for analytical purposes.
The formation of associates with superactive substances can be considered using the example
of bromophenol blue - sulfophthalein indicator:
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In aqueous solutions of the indicator, depending on pH, the following equilibria exist:

HsR+ ~ HoRO ~ HR ~ R2.

The optimal intervals for the existence of individual anionic forms of the indicator are as follows:
for HR" pH 1-2, for HR? pH 2-12.

Adding to the solution of this compound catonic superactive substances with the length of the

hydrocarbon radical C12 - C16 and a concentration significantly lower than the cmc (10-6-10-4

mol / dm3) in the pH range corresponding to the equilibrium between the forms HR- and R?’,
leads to a clearly fixed bathochromic shift of the absorption band of the R2- form by 15-20 nm.

The maximum wavelength (A,) for the form RZ2.

BPS is equal to 590 nm, and for the same form in the presence of cetylpyridinium or
cetyltrimethylammonium A,max is 605 nm. It has been established that with an increase in the
length of the non-polar hydrocarbon radical, the stability of the associates increases. This fact
is interpreted as a result of participation in the binding of counterions not only electrostatic,
but also hydrophobic interaction.

Associates with surfactants also form phenolcarboxylic acids of the triphenylmethane series.
A feature of this group of reagents is the existence of two cycles in the molecule due to
intramolecular hydrogen bonding. The inclusion of carboxyl, as well as carbonyl and hydroxyl
groups in these cycles is reflected in the specifics of their protolytic properties and the nature
of changes in the absorption spectra. Depending on the pH in chromazurol solutions, the
following series of protolytic equilibria is possible:

RESULTS

These equilibria have been fairly well studied; it was found that the proton of the sulfo group
dissociates first, then the carboxyl group of cycle I, then the carboxyl group of cycle II; the last
to dissociate is the hydroxyl group included in cycle I. When a surfactant is added to a solution
containing the H2R2- form of the reagent, a bathochromic shift of the maximum by 10-15 nm
and a slight increase in the absorption intensity are always observed. The absorption spectrum
of the form doubly ionized by carboxyl groups in the presence of surface active substances is
slightly shifted hypsochromic (5-10 nm), and the form dissociated by the oxy group is
bathochromic (10-20 nm). It is shown that these changes in the spectra are due to the formation
of associates.
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The associates obtained with different forms of the reagent have the following composition: for
H3R- - 1:1, for H2R2- - 1:2, for HR3- - 1:3, for R4- - 1:4. Thus, the number of attached surfactant
cations corresponds to the number of dissociated acid groups of the reagent. The electrical
neutrality of the associates was confirmed by electrophoresis. In addition, it was found that the
reagents themselves are hydrophilically hydrated, while their associates are hydrophobically
hydrated.

CONCLUSION
The study of the features of hydration of organic reagents modified with the help of surfactants
showed that, upon the formation of an ion associate with surfactant, the reagent passes from a
predominantly hydrophilic hydrated state into a hydrophobically hydrated one, characterized
by a weakening of the interaction of a particle with water. A consequence of this may be a
decrease in the polarity of the medium near the reagent molecule. A decrease in the hydration
and polarity of the microenvironment of reagents modified with surfactants makes it possible
to explain the direction of changes in a number of their characteristic properties: protolytic,
complexing, solubility, extractability, etc.
Solubilization is the most important property of surfactants, which, like micellization, is
associated with hydrophobic interactions. Solubilization is a phenomenon of a sharp increase
in the solubility of low-polarity organic compounds in water in the presence of surfactants. As
a result of solubilization, almost transparent thermodynamically equilibrium solutions are
formed. The solubilization process is dynamic. A substance that dissolves in surfactant
solutions is called a solubilisate (substrate).
Solubilization is usually expressed by analogy with solubility as the amount of a substance per
unit volume of a surfactant solution, i.e., in mol / dm3, or attributed to one mole of micellar
surfactant (the so-called molar solubilization) and expressed in mole of solubilisate / mol of
surfactant .
The amount of solubilized substance, as a rule, increases with an increase in the surfactant
concentration in the region of spherical micelles and increases abruptly upon transition from
one form of micelles to another (for example, upon transition from spherical to spherical and
then to lamellar (lamellar) micelles). The described regularity is illustrated by the molar
solubilization isotherm.

: Y

Concentration field of active substance

Schematic representation of the molar solubilization isotherm
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Solubilization begins to appear only after the first micelles are formed in the surfactant
solution, which corresponds to CMC; After that, the molar solubilization begins to increase,
since both the number of micelles and their size increase in this concentration range. After
completion of the formation of spherical micelles (point A), molar solubilization remains
constant up to the concentration when, at the second critical concentration of CMC2
micellization, spherical micelles do not begin to rearrange into spherocylindrical ones. After the
formation of such micelles is completed (point B), solubilization remains constant in a certain
range of concentrations until these micelles begin to rearrange into lamellar ones at the third
critical concentration of CMC3 micellization. There is no solubilization limit in layered micelles,
since the solubilizate is located between the surfactant layers in the region of their hydrocarbon
radicals, where an unlimited amount of the solubilized substance can be found.

1. For ionic surfactants, solubilization increases with an increase in the length of the
hydrocarbon radical, for nonionic surfactants, with an increase in the number of oxyethylene
units.

2. Compounds with a branched hydrocarbon chain have a greater solubilizing ability compared
to aliphatic compounds with an equivalent chain length.

3. The solubilizing ability of a surfactant of one homologous series increases with an increase
in the length of the hydrocarbon radical.

4. Solubilization increases when polar groups are introduced into the solubilizate.

5. Increasing the temperature, as a rule, promotes solubilization. However, cases of a more
complex effect of temperature on solubilization are known, especially in solutions of nonionic
surfactants.

6. The amount of solubilization depends on the nature and structure of the surfactant and
solubilizate, the presence of foreign substances, including strong electrolytes.

The practical aspects of the application of solubilization are very wide. It is used in the textile
industry to increase the solubility of dyes in water, in pharmacology, the production of polymers
by emulsion polymerization, enzymatic catalysis.

Increase in the number of coordinated ligands. A typical example of this type of interaction is
the reaction of complex formation of metal ions with phenolcarboxylic acids of the
triphenylmethane series in the presence of surfactants. For chromazurol C in the pH range 1-8
in the absence of surfactants, the reaction product is formed during complexation with A1(III),
Fe(II), Cu(I), Be(II) and Sc(III) with a molar ratio of M: R = 1:1 (Table 3). In the presence of
surfactants, an intense band with X appears in the absorption spectra for CAS at 620 nm for
Cu(ID, 680 nm for Fe(II), 620 nm for AI(II]), and 630 nm for Be(II). The values for different
complexes varied in the range (9.2-9.7) x 104. The study of complexation by the methods of
equilibrium shift, variable concentrations, and physicochemical analysis showed that the
products formed in the presence of surfactants have a greater number of coordinated ligands.
Molar ratios M: in the presence and absence of the field active substance(FAS)
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M:
Merann [pH B  orcyrcrBueB mpucyrcrBun|FAS
I[IAB IIAB

Be(ID 6 1:1 1:2 111, OTI-10
Fe(III) 6 1:1 1:3 LII1, OII-7
Al0ID 6 1 1:3 [111, 0C-20
Sc(I1D) 7 1:1 1:3 LIII, OII-10
Cu(ID 6,5 1:1 1:2 LII1, OII-7

An increase in the number of coordinated ligands is observed for different types of OR.
Indicative in this respect is the system Mo(VI) - bromopyrogallic red (BOD) - surfactant. In the
absence of surfactants, molybdenum interacts very weakly with bromopyrogallic red, forming
two complexes with Xmax = 540 and 630 nm and molar ratios of components 1:1 and 1:2,
respectively. The addition of CP (or other surfactants) leads to a sharp increase in the intensity
of the absorption band with X = 630 nm, which is characteristic of the Mo(BOD)2 complex. The
absorption band of the 1 : 1 complex disappears completely.

The increase in the number of coordinated ligands observed in the presence of surfactants is
explained by the loosening of the hydration shell of the metal ion due to the hydrophobic
hydration of the complex.
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