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A study was carried out of the effect of an anionogenic and a cationogenic tenside on the dissociation of
azure B. It was found that, in the presence of sodium lauryl sulfate, the pH value of the solution affects
both the dissociation and the ratio of the contents of the monomer, dimer and higher aggregates of the dye
at various concentrations of this tenside. The dependences of pK, on the concentration of the given kind of
tenside and its variation in the presence of an inorganic salt (NaNO;) were found.

Azure B (3-methylamino-7-dimethylaminophenothiazine, AB) is one of the derivatives
of phenothiazine. The dyes of this group (methylene blue, thionine, azure A) arc util-
ized in analytical chemistry as redox indicators or in extraction spectrophotometry for
the determination of inorganic or organic anions.

In an carlicr work!, we studied the interaction of azure B with tensides because it is
known that tensides greatly affect the properties of organic dyes and thus also analy-
tical methods in which these dyes are employed®®. We found that the aggregation of
molecules of azurc B is favoured in solutions with low concentrations of the anio-
nogenic tenside sodium lauryl sulfate. At tenside concentrations above the critical
micelle concentration, the dye molecules are bonded to the tenside micelle, where they
are gradually diluted, so that the monomer form of the dye once again predominates.
This process is greatly affected by the presence of an inorganic salt. Cationic tensides
do not affect the dye aggregation.

The effect of tensides on the dissociation of the hydrochlorides of phenothiazine
derivatives has so far been studicd® only for derivatives substituted on the heterocyclic
nitrogen by an alkyl chain, terminated by a dialkylamine or piperazine group; these
substances arc cmployed as pharmaccuticals. A decrease in the pK, value in the
presence of a cationogenic tenside has been used in its alkalimetric determination.

Of the derivatives substituted in the 3 and 7 positions, azurc B was selected, whose
molccule contains one dissociable hydrogen atom and which is thus a very suitable
simple model for study of the cffect of the tenside on the acid-basc properties of this
group of substances.

The dissociation of azure B proceeds according to Scheme 1.
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EXPERIMENTAL

Apparatus

Spectrophotometric measurements were carried out using a PU 8800 Pye Unicam-Philips, Cambridge
spectrophotometer with glass cuvettes with an internal pathlength of 10 mm.

pH measurements were carried out using a PIIM 26 pll-meter (Radiometer, Copenhagen) with a glass
combined electrode GK 2401 C calibrated using buffers from the same company.

Chemicals and Solutions

The stock solution of 2.5 . 1073 mol 1-! azure B (M, = 305.83) was prepared by dissolving the purified! dye
in water. The solution was stored in the cold and dark and was stable for at least 3 weeks. Its stability was
controlled by measuring the absorption spectra in the visible radiation region.

The stock solution of 1. 1072 mol 1! sodium lauryl sulfate, NaLS (Serva Ilcidelberg; M, = 288.38) and
the stock solution of 1. 1072 mol I"! Septonex [1-(cthoxycarbonyl)pentadecyl]trimethylammonium bromide
(Slovakofarma Hlohovec: M, = 422.48) were prepared by dissolving the substances in water. Septonex was
first dried for several days in a desiccator over silica gel.

The ionic strength was adjusted using a 1 . 107! mol I"! solution of NaNO;.

The pll was adjusted using solutions of NaOll, p.a. of various concentrations (max. 20%) and 1 . 1072
mol 1"! HCI, p.a.
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SCHEME 1

RESULTS AND DISCUSSION

In the absence of tensides and salts, azure B in slightly acidic and ncutral medium
yields an absorption curve with a monomer maximum' at A, = 644 nm and a slight
dimer maximum at about 600 nm (Fig. 1). Dyc dissociation occurs in the alkaline
region, reflected in the appearance of a maximum at A = 550 nm. At high pH values,
the dye decomposes®, so that the dissociation constant cannot be found exactly. The
pK, valuc was estimated from the inflection point on the dependence of the absorbance
on the pH and is equal to about 11.8.

In the presence of NaNO; (I = 0.01 — 0.5 mol I7!), the absorption curves of azure B
at high pH valuces also do not pass through the isosbestic point and the dye once again
decomposes. As the ionic strength increases, the estimated pK, value increases to 12.4
at 1= 0.5 mol I71,
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The Effect of the Anionogenic Tenside Sodium Lauryl Sulfate

To determine the pK, value in dependence on the tenside concentration, the effect of
the pH on the absorption spectra of azure B was studicd at concentrations of sodium
lauryl sulfate varying in the interval 5. 104 = 1. 102 mol 17!,

Solutions in the absence of NaNO,. At a dyc concentration of cag = 1. 107* mol 1!
and tenside concentration of cyys = S . 107* mol 17! (Fig. 2) and at pH < 12, the
monomer absorbance is decreased compared to solutions in the absence of tenside.
Curves 1 and 2 exhibit moreover two clear maxima, corresponding' to the dimer and a
higher oligomer (trimer) with A, = 500 nm. The formation of these dye aggregates is
favoured by the presence of the anions of the tenside monomers (the critical micelle
concentration of sodium lauryl sulfatc cmc = 7 . 10~ mol 17! in solutions in the absence
of the salt)’. Association of the tenside anions with the dye cations suppresses their
repulsion forces and favours dyc polymerization®. The associates formed can then indu-
ce the formation of premicellar tenside aggregates® = 10,

On an increase in the pH to values above 11.5, a broad band appears between the
wavelengths 550 — 600 nm on curves 3 and 4, which can be assumed to correspond to
the sum of the bands of the dimer and the deprotonated forms of azure B that are being
formed. This assumption was confirmed by mathcmatical analysis'! of absorption curve 4.
Gaussian curves were obtained with a maximum at 557.7 nm (e = 1.285 . 10*1 mol~! em™),
599.5 nm (¢ = 0.032 . 10* 1 mol~! cm™') and 655.7 nm (¢ = 0.113 . 10*1 mol~! ecm™).
The value of A, for the first two maxima is in good agreement with the position of the
absorption bands of the dimer and the deprotonated dye forms.
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The effect of the pH on the absorption spectra of The cffect of the pH on the absorption spectra
azure B. cpay =1 . 107 mol 17%; ptl: 1 7.05: 2 of azure B in the presence of 5 . 107 mol 1!
9.86: 310.14: 4 11.47; 5 11.92; 6 12.06; 7 12.32; sodium lauryl sulfate (without NaNO3). cap =
8 12.65; 9 13.15 1. 10" mol 17%; pH: 19.20; 2 11.50; 3 11.91;
4 12.07: 512.23; 6 12.46: 7 12.62; 8 12.78; 9
12.89

Collect. Czech. Chem. Commun. (Vol. 58) (1993)



1318 Duskovi, Némcovi:

A further increase in the pH (curves 5 — 9) leads to dissociation of the dye; the
absorbances of the monomer and dimer decrease and the maximum of the deprotonated
form increases.

On an increase in the concentration of NaLS to a value of 1. 1073 mol I", the dimer
predominates on the absorption curves up to pH 12.2. At higher pH values, the mono-
mer maximum rapidly increases; however, above pH 12.8 it again rapidly decreascs
with simultaneous increase in the maximum of the dissociated form (the curves form an
isosbestic point). No explanation has been found for this phenomenon.

At cpy1s = 7 - 1073 mol 17! (the critical micelle concentration of sodium lauryl sulfate)
the monomer maximum predominates on the curves and is higher than in solutions in
the absence of tenside (Fig. 3). As the pH increases to a value of 12.3, the maximum
further increases (curves 1 — 7) with a simultaneous decrease in the dimer maximum. It
has been shown! that the increased amount of monomer is a consequence of micelle
formation in solution. In contrast to the premicelle aggregates the rcal micelle have
higher tenside content, the dye is diluted and its aggregation is suppresscd.

At higher pH values, the dye is dissociated. However, in contrast to surfactant-free
solutions , the dyc is not decomposed even at the highest pH values.

At cngrs > 1. 1072mol 17 and at all pH values, the monomer absorbance is high and
constant up to the beginning of dye deprotonation. The absorption maximum exhibits a
slight hypsochromic shift (A,,, = 640 nm).

The effect of time on the absorption spectra has been studied at various concentra-
tions of sodium lauryl sulfatc. At cyys < 7 . 10 mol I"! (cmc), the absorption
corresponding to the dimer gradually decreases and the monomer absorption increases
(by about 10% in 30 min). At NaLS concentrations above the cmc, when the monomer
maximum predominates on the curves, no time changes occurred on the spectra. Thus,
the former changes are probably a consequence of the fact that the premicelle aggre-
gates gradually form larger species, while the size of micelles formed at high tenside
concentrations does not change with time.

FiG. 3
The effect of the pH on the absorption spectra of
azurc B in the presence of 7 . 107 mol 1!
sodium lauryl sulfate (without NaNO3j). cap =
1. 107" mol I"'; pH: 1 6.45; 2 10.90; 3 11.17; 4
11.47; 5 11.59; 6 11.73; 7 12.33; 8 12.58; 9
12.67; 10 12.83; 11 12.93; 12 13.03; 13 13.12
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It is apparent from these results that the ratio of the amount of monomer and dimer
of azure B is affected by both the tenside concentration (and partly also time), as well
as by the pH value of the solution. These changes are depicted in Fig. 4, giving the
dependence of the absorbance at the wavelengths of the monomer maximum (640 — 644 nm)
on the pH for the solution in the absence of the tenside and at elevated tenside
concentrations. In the solution without tenside (curve 7) the monomer absorbance is
constant to pH 9, and then slowly decreases as a result of deprotonation. At tenside
concentrations below the cmc, where premicellar aggregates with concentrated dye
molecules are formed in solution, the effect of the pH on the ratio of monomer and
dimer is greatest. As it is known that the presence of the ions of a strong electrolyte
decreases the ecmce of the tenside, it is probable that Na* ions added in pH adjustment
produce a decrease in the cmc value, micelles arc formed in the solution and the
amount of monomer is increased. At higher tenside concentrations (curve 6), where the
micelles arc formed immediately in solution and the dye is present primarily as the
monomer, whose concentration is grcater than in aqueous solutions (cf. curve 7), the
absorbance is constant in the whole pH range up to the beginning of deprotonation.

Solutions in the presence of NaNO;. Figure S depicts the dependence of the
absorbance of the dyec monomer on the pH at increasing tenside concentrations for / =
0.01 mol I-!. The shape of the curve is analogous to that in Fig. 4 (with all the apparent
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The dependence of the absorbance of the azure B The dependence of the absorbance of the azure B
monomer on the pll in the presence of sodium monomer on the pH in the presence of sodium
lauryl sulfate (without NaNO3). cpp = 1. 107 lauryl sulfate and NaNO; (7 = 0.01 mol I™). cpp =
mol 17; Ap = 640 — 644 nm; ¢y, s (mol I™: 1 1. 107 mol I A = 640 — 644 nm; ¢y, s (mol ry:
0;21.10%35.10% 41.107%57.10% 6 10:21.10%35.10% 41.107% 53,107
1.10% 75,107 65.107% 71.107
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irrcgularitics, which are completely reproducible); however, the tenside concentrations
at which these changes occur on the absorption curves are different. While the mono-
mer maximum predominates in solutions in the absence of NaNOj at ¢y g > 7 . 1071
mol 1! (corresponding to micelle formation), this value decreased 10 cyyg = 5. 1078
mol 1""at 7 = 0.01 mol I"1. Up to this tenside concentration, the ratio of the monomer
and dimer also depends on the pH of the solution, while at higher concentrations the
amount of monomer in the micelles is pH-independent. In addition, from this
concentration, the absorption curves for a further increase in the pH corresponding to
the dissociation of the dye pass through a sharp isosbestic point and dye decomposition
does not occur.

At I = 0.1 (Fig. 6), the dye monomer predominates at ¢y s = 1.3 . 107 mol 171, At
this ionic strength, the ratio of the monomer and dimer is not affected by the solution
pH at any tenside concentration. The concentration of the ions of the salt employed is
so high that the cffect of the ions used for pH adjustment is negligible. The conditions
are similar for / = 0.5 mol 1I”!; the dye monomer begins to predominate in the micelles
alcngis < 1. 107 mol 17 and its amount is independent of the solution pH. The curves
pass through a sharp isosbestic point and the dye does not decompose.

It can thus be summarized that, in acidic, neutral and weakly alkaline media, the
formation of premicellar aggregates and NaLS micelles and the corresponding amounts
of monomer and higher oligomers of azure B depends on the tenside concentration,
ionic strength and solution pH. In strongly alkaline medium, azure B dissociates; how-
cver, in contrast to the aqueous phase, the dye bonded in the micelles does not
decompose.

It is apparent from Figs 4 — 6 that the curves of the dependence of the absorbance on
the pH are steeper at ey, = 0 and especially at ¢y, s > cme, i.c. for increased monomer

08 o -
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The dependence of the absorbance of the azure B
monomer on the pllin the presence of sodium lauryl
sullate and NaNO; (1 = 0.1 mol l'l). cap=1. 107!
mol 174 Yo = 040 — 644 nm; oy, (Mol I'l): 10; 2
7 10 pH 3 o107 35 107 41, 10% 55 1075 6 1. 107
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contents, than the curves at NaLS concentrations corresponding to increased dimer (or
trimer) contents in the premicellar aggregates. It thus follows that the pK, values for the
monomer and higher oligomers are somewhat different and the curves for the depend-
ence A = f(pH) for 0 < ey, 5 < eme are formed by the summation of the curves for the
individual forms.

The pK, values have not been calculated exactly, as the pH values measured in the
strongly alkaline region cannot be considered completely accurate. However, it is appa-
rent from Figs 4 — 6 that the pK, value first increases with increasing tenside concentra-
tion (c.g. in solutions in the absence of NaNO; from pK, = 11.8 for ¢y, 5= 0 to pK,, =
13 for cnys = 7 - 107  mol 171) and then again decrease slightly. The NaLS concentra-
tion at which the maximum pK, value is attained, decreases with increasing ionic
strength of the solution: in solutions in the absence of NaNQO;, this concentration equals
7.1073mol 1" at /=001 mol 171, 5. 103 mol I"5 and at 7= 0.1 mol 171, 1. 1073 mol 171,
It is apparent from comparison with the previous results that these are the concentra-
tions at which micclles arce formed in solution at the individual ionic strengths.

The effect of tensides on the dissociation constants of organic dyes has been studied
in detail in a number of works. At a tenside concentration of ¢, < cmc, the change in
pK, can be explained through the formation of dye—tenside ion pairs'2, which are solub-
ilized in the micelles above the cme, above which further changes do not occur. For ¢, >
cme, the changes in pK, are most often explained on the basis of the theory of the
pscudo-phase ion-exchange model'®. Although the relationships derived in this theory

often fail'

al tenside concentrations close to the cme, in this case, where a simple
dissociation equilibrium is present, the shift directions obtained cven for small tenside
concentrations (of the order of 107* mol I71) are in agreement with this theory. It is
apparent that it must be borne in mind that the cme value of the tenside is greatly
decreased in the presence of the dye and salt (here, by almost one order of magnitude)
and, in addition, premicellar aggregates are formed in solution at even lower tenside
concentrations. These aggregates can be considered as a premicellar pseudophase
whose propertics would be decisive for the dye behaviour. It can then be assumed that
the dye molecules are bonded through electrostatic and  hydrophobic interactions to the
sodium lauryl sulfate pscudophase, which bonds a limited number of OH™ ions from
solution’ as a consequence ol clectrostatic repulsion; the dye dissociation is then
suppressed and the pK, value increases. The slight decrease in pK, at high tenside
concentrations is a consequence of the slight decrease in the micelle surface potential'®,
For the same reason, the curves of the dependence of pK, on the tenside concentration
sometimes pass through a minimum in the study of the interactions of dye anions with

cationogenic tensides!'® ~ 18,
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The Effect of the Cationogenic Tenside Septonex

It has been shown! that cationogenic tensides do not alfect the polymerization of azure
B. However, it has been found in a study of the effect of the pH on the absorption
spectra of the dye at various tenside concentrations that Septonex affects the dye disso-
ciation and that thus, similar to other cases, c.g. refs*!?) the dye interacts with the
tenside irregardless of its charge, which can exclude the formation of ion associates.
Hydrophobic interactions play a decisive role here?.

In the absence of NaNOjy, in the strongly alkaline region and at Septonex concentra-
tions up to its cme (7.74 . 107* mol 17! in solutions in the absence of salts and dyes?!),
azure B is decomposed similarly as in solutions in the absence of tensides. At
Cgept > €mc, Septonex binds the dye in micelles and prevents its decomposition.
After the dissociation of the dye, the curves pass through the isosbestic point at A =
580 nm.

At higher ionic strengths of the solution (0.01 = 0.5 mol 1Y), the isosbestic point is
sharp at lower tenside concentrations, once again corresponding to a decrease in the
cme and binding of the dye in the tenside micelle.

On the basis of the measured absorption curves, a plot was again made of the dep-
endence of the absorbance at the wavelength of the dye monomer on the pH for solut-
ion ionic strengths of 0.01, 0.1 and 0.5 mol 17!, For illustration, Fig. 7 depicts these
curves at [ = 0.01 mol 17!, In the absence of NaNOjand at all the ionic strength values
cmployed, the pK, values decrease with increasing Septonex concentration. This
decrease in pK, (increased dissociation) can once again be explained using the pscudo-
phase model: the dye is bonded in the tenside micelle; OH™ ions from solution are
bonded and concentrated on the positive surface of these micelles and favour dye
dissociation. At higher ionic strength values, the decrease in pK is smaller because the

v v
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The dependence of the absorbance of the azure B
monomer on the phlin the presence of Septonex and
NaNO; (7 = 0.01 mol 17'). eppy = 1. 107 mol 17
Ay = 640 = 644 nm: ¢y (mol ™M: 1021, 107
35,1074 1. 10% 55,107 61. 107
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salt anions arc preferentially bonded to the surface of the tenside micelle!?, preventing
approach of OH™ ions.

It can thus be concluded that anionogenic and cationogenic tensides produce a
change in the pK, of azure B, whose direction (increase or decrease) depends on the
type of tenside (charge). Changes occur at tenside concentrations lower than the cmc
value in pure solutions, especially at clevated ionic strength values of the solutions.
This could be a consequence of the decrease in the ¢me value and formation of pre-
micellar aggregates.
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