Bicauk XapkiBcbKOTO HaIliOHAIBHOTO YHiBEpCcUTETY, cepis "Ximig", sum. 28 (51), 2017

doi.org/10.26565/2220-637X-2017-28

YK 544.777 + 547.864.51 + 547.264 + 54-128.4 + 543.42.062

INFLUENCE OF THE IONIC AND NON-IONIC ADDITIVES
ON THE ACID STRENGTH OF NEUTRAL RED IN THE AQUEOUS
SOLUTIONS OF POLY (SODIUM 4-STYRENESULFONATE)
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Polyions of poly (sodium 4-styrenesulfonate) in aqueous solution may be considered as colloidal pseudo-
phase. Analogously to micelles, some species can be bind by the charged polyelectrolyte coils. In this pa-
per, the colored acid-base indicator dyes were used for studying the penetration of ionic and non-ionic solu-
tion components in polyelectrolyte coils. Such analysis relies on alteration of the acid strength of dyes. The
aim of this work was to determine the dependences of the apparent ionization constants of neutral red,
K, on the ionic strength of solution, 7, in different mixed systems containing poly (sodium

4-styrenesulfonate) (NaPSS) and tetraethylammonium bromide, tetra-n-butylammonium iodide, or 1-butanol
with NaCl. Neutral red is fixed in the polyelectrolyte coils due to electrostatic and hydrophobic interactions.
The polyelectrolyte : dye concentration ratio, P : D, an important parameter for spectophotometrical meas-
urements, equals 100. It was found that tetra-n-alkylammonium salts display a stronger influence on the
acid strength of neutral red as compared with that of NaCl. For instance, in the case of tetraethylammonium
bromide pK®® = 7.90 £ 0.07 at 7 = 0.02 M whereas pK™ = 8.45 + 0.04 with NaCl at the same ionic

strength. It can be explained by specifical adsorption tetra-n-alkylammonium cations on polyions ‘surface’.
Introduction of 1-butanol significantly increases the acid strength of neutral red too, however its influence
isn't monotonic with change of ionic strength. The dependences of pK on log / were discussed in terms

of regularities which are well-known for surfactant micellar systems. All mentioned systems were also exam-
ined by dynamic light scattering measurements using Zetasizer Nano ZS Malvern Instruments apparatus.
As it turned out, when the ionic strength is 3x10° M or more the size (by number) of polyions in the pres-
ence of NaCl is of about 7 nm. Introduction of the additives results in somewhat higher size: in the case of
1-butanol the size of NaPSS is 10 nm.

Keywords: polyelectrolyte, poly (sodium 4-styrenesulfonate), neutral red, apparent ionization constant,
butanol-1, tetra-n-alkylammonium cation.

Introduction

Nowadays, thermodynamically stable colloidal systems such as surfactant micellar solutions, mi-
croemulsions, and aqueous polyelectrolyte solutions are used in many technologically processes, par-
ticularly, in drug delivery [1,2] or water treatment [3]. The penetration of some compounds, including
alcohols, dyes, biological molecules, into micelles is scrutinized [4,5]. Also, the surface properties of
micelles are well known [6-8]. In particular, indicator dyes are used as molecular probes whose acid-
base properties are changed in micellar microenvironment [4,9,10].

Some charged species, especially dyes, can be also concentrated around polyions. It is widely used
in the creation of biosensors [11,12] or the polyelectrolyte titration [13]. Moreover, Baumgartner et al.
[14] reported the decreasing in the indices of the apparent ionization constant of neutral red, pK:™ , by

1.7 units in NaPSS solution on adding aprotic solvent dioxane (2.0 M). Thus, the non-ionic additives
influence on the structure of NaPSS coils, and, simultaneously, on the properties of such molecular
probes (dyes) fixed to the coils. Polyions’ structure may be changed by specific adsorption of organic
counterions, particularly tetra-n-alkylammonium cations. It was confirmed by increase in solubility of
oil-soluble dyes in such solution as compared with individual solutions of NaPSS or
tetra-n-alkylammonium salts [15].

The degree of counterion binding is important parameter of colloidal particles. In micellar systems,
this parameter is usually determined by conductivity or potentiometry methods [16-19]. Equally with
these methods, the acid-base indicator method is known for a long time [10,20]. The counterion bind-
ing by polyions is also the object of research. For instance, Béhme and Scheler have determined the
fraction of charged of poly (sodium 4-styrenesulfonate) (NaPSS) as a model for a flexible polyelectro-
lyte [21] using diffusion and electrophoresis NMR. Bohme and Scheler have examined the influence
of methanol on the fraction of charge of NaPSS. In addition, small angle X-ray scattering method was
used for studying the structure of salt free polyelectrolytes solutions containing monovalent and diva-
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lent counter-ions [22], binding of Cd** and Na" ions by poly (sodium 4-styrenesulfonate) was also
analyzed by ultrafiltration [23]. In most cases the investigation of counterion condensation based on
Manning’s theory [24,25].

So, the aim of present work is to determine of acid strength of neutral red, NR, in NaPSS-based so-
lution and to find the degree of counterion binding by the polyions under different conditions by indi-
cator method. It is of important to verify this method to NaPSS coils and to determine values of the
degree of counterion binding when tetra-n-alkylammonium salts or 1-butanol are added.

Experimental section

Materials. NaPSS was purchased from Sigma-Aldrich as a powder. The molecular weight of
NaPSS was around 70 x 10° g mol™'. The polyelectrolyte was used as received. The stock solutions of
NaPSS were prepared with concentration either 0.05 or 0.10 M by placing of the sample in pure water
without stirring during one week. Hereafter, the concentrations of NaPSS are expresses in mono-
mer mol dm ™ (monomol dm ). The stock solution of NR was prepared in distilled water and filtrated
before measurements using filter papers ‘Filtra acido hydrochlorico extracta’ (Specialpapierfabric
Niederschlag, Germany). The precise dye concentration was ascertained by spectrophotometric
method using molar absorptivity value, 1.72x 10* M 'em ™" at 530 nm [26]. The dye concentrations in
work solutions was about 3 x 10> M. Hereafter, 1 M = 1 mol dm™.

The pH values of the solutions were adjusted using HCI for pH < 4, or buffer solutions: phosphate
(pH 5.8 — 8.5) or borate (pH 7.8 — 10.0). The pH values around 11 — 12 were adjusted by diluted so-
dium hydroxide. Aqueous NaOH solution was prepared from saturated stock solution using CO,-free
water and kept protected from the atmosphere. The total ionic strength of the bulk (aqueous) phase has
been maintained by appropriate NaCl, tetracthylammonium bromide (Et,NBr), or
tetra-n-butylammonium iodide (ButyNI) additions. Hydrochloric and phosphoric acids, borax, sodium
chloride, tetracthylammonium bromide, and tetra-n-butylammonium iodide used for preparation of
working solutions were of analytical grade (Reakhim, Russia). 1-Butanol was purified by the standard
procedure via rectification.

Methods. The ionization of a cationic acid in solution can be described by the below equation:

HB" 2 B+H",K, €))
Therefore, the apparent ionization constant should be expressed as:

HB* -
pK.™ =pH, + logu =pH, + logA‘i—A )

[B]t 4 AHB

The acid-base couple HB'/B is assumed to be (partly) located within the polyelectrolyte microenvi-
ronment and equilibrated with the pH value of the continuous (aqueous) phase, pH,. Such apparent
ionization constant was input by analogy with micellar systems [27]. The subscript ¢ (total) denotes
that the concentration is expressed in moles per dm’ of the whole solution. If it deals with the acid-
base indicator, the equilibrium concentrations ratio [HB]/[B]; can be determined via spectrophotome-
try. Absorption spectra were measured with Hitachi U-2000 spectrophotometer against pure water as
blanks, at 25°C. The ionization of neutral red is shown in Scheme 1.

Basing on our previous study [28], we consider both acidic and basic forms of NR as almost bound
by the polyelectrolyte coils.

N CHy
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Scheme 1. The ionization of neutral red in aqueous solutions.
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The pH,, value may be maintained by buffer solutions. The pH determinations were performed by
using R 37-01 potentiometer and pH-121 pH-meter (Russia) with an ESL-43-07 glass electrode
(Gomel, Belarus) in a cell with liquid junction (3.0 M KCI). An Ag|AgCl electrode was used as a ref-
erence electrode. The glass electrode was calibrated with standard buffer solutions:
pH 9.18, 6.86, 4.01, and 1.68 at 25°C.

In addition, the NaPSS particle size distribution and zeta-potentials, {, were determined via dy-
namic light scattering, DLS, using Zetasizer Nano ZS Malvern Instruments apparatus. The equilibra-
tion time of each probe was 120 s, the number of size measurements of each probe was 10, every
measurement consisted of 12 to 30 runs (automatic choice). In the case of zeta-potential, the number
of measurements was 5, the number of runs was chosen automatically (up to 100 runs). Distilled water
wasn’t filtrated. For assign the viscosity value was used solvent builder, which calculated the viscosity
of dispersant depending on NaCl concentration.

Results and discussion

DLS measurements. As demonstrated in our previous work [28], the determination of the polyions
size via the DLS method is difficult because of the non-sphericity of particles, which results in the
apparent polydispersity. Nevertheless, the DLS method is widely used for determination of diffusion
coefficients of NaPSS in water [29-32]. So, we consider that comparison of the size distributions by
intensity, volume, and number, at the different conditions is reasonable. The data of cumulants analy-
sis (Z-average values — hydrodynamic diameter) are given in Table 1 too, but only in the case of good
quality of such calculation algorithms.

Using the DLS method, we studied the size distributions in system: NaPSS + NaCl, NaPSS +
But,NI, NaPSS + Et;,NBr and NaPSS + 1-butanol. In Figure 1, the typical size distribution of NaPSS
with 0.05 M NacCl, and the dependence of polyions size (by number), d, on NaCl concentration at
0.001 M NaPSS are shown (see also Table 1). When the ionic strength is 3 x 10~ or more, the size (by
number) of polyions becomes constant (7-8 nm). The sizes obtained by intensity slightly decrease
with ionic strength. Such a difference may result from the non-sphericity of polyions and interactions
between polyions. More extended polyions move slower, so the size by intensity is large. When poly-
ions coil to more compact conformation, they move faster, so the size by intensity is smaller. So, at
low ionic strength the polyions are elongated that results in observation ‘smaller’ sizes, at higher ionic
strength the polyions become more spherical and average size increases.
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Figure 1. The macromolecules size distribution by intensity, by volume, and by number in 0.001 M NaPSS
solution with 0.05 M NaCl, d(by intensity)=25+5 nm, d(byvolume)=133+2.7 nm,
d (by number) =7.9 £0.7 nm (a); the dependence of polyions size (by number), d, on NaCl concentration,
¢ (NaPSS) =0.001 M (b).

The addition of the tetra-n-alkylammonium ions leads to some changes in the polyelectrolyte state.
The DLS measurements of the 0.001 M NaPSS solution with 0.02 M But,NI and Et,;NBr were carried
out (Figure 2). In this case, the cumulant analysis is of higher quality, than in polyelectrolyte solutions
with NaCl. Also, no particles with size of about 200 — 300 nm were observed in the case of But,NIL.
This observation confirms that in other NaPSS-based systems, particles of such size are aggregates of
polyions, which collapse at absorption hydrophobic tetra-n-butyl ammonium cation on the polyelectro-
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lyte ‘surface’. The sizes of polyions by number in the presence of tetra-n-alkylammonium salts are
similar to those observed with NaCl, but in the case of distribution by intensity tetracthylammonium
bromide causes increase in polyions size. Such an alteration of size distribution character indicates
strong absorption of tetra-n-alkylammonium ions on NaPSS surface. Probably, it occurs analogously
to micellar systems where the selectivity parameters of ButyN" and Et,N" were found
equal to 125+5 and 2243, respectively (the selectivity parameter of Na" is 1) [6].

The influence of 1-butanol on the NaPSS size distributions is non-expressed (Figure 3). The size of
NaPSS in the presence of 1-butanol is somewhat higher either by intensity or by number. In these sys-
tems, the quality of cumulants analysis is good, which may indicate more spherical conformation of
the polyions. Obviously, some kind of interaction between polyions and alcohol molecules takes place.
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Figure 2. The macromolecules size distribution by intensity, by volume, and by number in 0.001 M NaPSS
solution with 0.02 M But,NI addition (a) and with 0.02 M Et,NBr addition (b).
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Figure 3. The macromolecules size distribution by intensity, by volume, and by number in 0.003 M NaPSS
solution with 0.8 M 1-butanol: (a) 0.01 M NacCl; (b) 0.045 M NaCl; (¢) 0.05 M NacCl; (d) 0.20 M NaCl.
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Table 1. The results of size (d, nm) determination of NaPSS in aqueous solution with ionic
and non-ionic aditives. Results of cumulants analysis (hydrodynamic diameter, dyq,
and diffusion coefficient, D ) are shown only in the case of its good quality.

¢(NaPSS),M | ¢(NaCl), M intensity dvotume drumber dha Dx 107, cm%/s

0 3046 | 5212 | 37409 — —

0.001 27+ 4 0£3 | 5315 | 200 25

0.001 0.01 2344 1243 | 70217 | 207 2.4
0.05 191218 | 11917 7909 | 20501 | 239001

0.20 166421 | 95+1.0 | 71+1.0 — —

2 122402 | 107208 74+1.1 — =

0.013 2754098 | 1944 | 83+14 — —
+%%013\4 0.045 275427 | 191435 10115 | 273420 | 1.80+0.12
brtanol 0.05 26+3 | 185426 102414 | 255412 | 1.92+0.09
0.20 242417 | 19823 | 10510 | 25515 | 1.90+0.11
0.001 0.02 (BuGN") | 24.1+08 | 15016 | 9.0£1.0 | 20405 | 2.42<0.06
0.001 0.02 (EuN') | 347+15 | 28+5 | 7910 |37.0£1.0| 133004

The acid strength of neutral red in presence of ionic additives. Firstly, it should be noted that all
pK . values reported in this paper were obtained at polyelectrolyte : dye concentration ratio, P : D,

equals 100. It allows avoiding polyelectrolyte-induced metachomatic effects [28,33,34]. The corre-
sponding concentration of NaPSS was of about 0.003 M.
The study of influence of ionic additives was carried out in terms of the salt effects on pK™ values

of NR. As reported earlier [20,35], in micellar solution the dependences of pK:™ on log I (or more

precisely 10g Ceounterion) are linear up to several mol per liter. The slope of dependences, b, is in fact
very similar to the degree of counterion binding, 5, by colloidal particles:

pK™ = B—bxlog[Na, ] (3)
OpK:™®

g _OPK"
Olog[Na; ]

When the molecular weight of polyelectrolyte becomes high enough (degree of polymerization
N>10), the counterion condensation becomes apparent according to the measurement of
poly (4-styrenesulfonate) electrophoretic mobility [36]. For higher molecular weight (N> 100) at
1=0.02 M NaPSS is in random coil conformation and the degree of counterion binding becomes inde-
pendent of the average molecular mass. Also, according to Manning [24], the number of bound coun-
terions doesn’t depend on the ionic strength or the concentration of free counterions. Nevertheless,
when the ionic strength increases, the effective charge on polyions decreases [21] (analogously to the
shrinking of diffuse part of ionic atmosphere of micelles). Hereupon polyions assume less extended
conformation that leads to a higher density of the nominal charges, leading to a further condensation
of counterions. Finally, at given ionic strength the equilibrium state appears.

So, in terms of mentioned properties of polyions we have suggested that Eq. (3) and (4) may be ap-
plied to polyelectrolyte coils too. In our previous paper, the dependences of pK™ on log I for a set of

(4)

indicator dyes were obtained in the presence of NaCl [28]. Indeed, these dependences are linear in the
sufficient range of the ionic strengths. In Table 2 the pK ™ data for system water — NaPSS — NaCl are

shown for comparison.

Then, the aim of this work was the study of influence of tetra-n-alkylammonium cations on NR
bound to NaPSS polyions. It should be mentioned that tetra-n-alkylammonium salts significantly in-
fluenced the acid strength of dyes in sodium dodecyl sulphate (NaDS) solutions [6,10]. For instance,
pK™™ of methyl yellow in 0.02 M NaDS and 0.05 M But;N" equals 1.61, whereas when NaCl used, it
is 4.81. So, the obtained pK ™ values in the system water — NaPSS — tetra-n-alkylammonium salts are

represented in Table 2. The NR spectra are exemplified in Figure 4. It was found experimentally that
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freshly prepared stock solution of tetraethylammonium bromide results in somewhat lower pK:™ val-

ues. These values are mentioned in Table 2, but they aren’t used in further discussion because of their
non-systematic character.

Figure 4. The spectra of NR in ternary system water — NaPSS — Et;NBr at / = 0.10 M, ¢ (Et,NBr) = 0.08 — 0.09
M; caye = 3.48 X 10~ M; phosphate buffer solutions except pH 3.0 (HCI solution), pH 11.0 (NaOH solution), and
pH 7.6 — 8.2 (borate buffer).

Table 2. The indices of the apparent ionization constants of NR in the NaPSS-based aqueous systems.

LM NaCl* Et,NBr, borate buffer | Et;NBr, phosphate buffer
0.01 8.62 + 0.06 8.24+ 0.12b -
(borate buffer) 7.93+ 0.04

0.02 8.45 £ 0.04 (borate buffer) 7.90 £0.07 —

0.03 — — 7.86 £ 0.04
7.66 + 0.04

0.05 8.10 £ 0.08 (phosphate buffer) 7.38+0.07 750+ 0.04

0.10 7.91 = 0.03 (borate buffer) 7.16 +0.02 7.34 +0.02

0.50 7.50 £ 0.03 (phosphate + borate o -

) buffer)
" Ref. [28].

® _ Freshly made prepared solution of tetraethylammonium bromide.

We used borate and phosphate buffer systems. It should be noted that the concentration of
tetra-n-alkylammonium salts doesn’t equal the ionic strength because of buffer system using

(Na' counterions). Besides, the pK™ values obtained by means of borate buffer are found somewhat

lower than that ones which were obtained with phosphate buffer. Thus, in the presence of ButyNI
pK = 7.69 + 0.04 when borate buffer were used or 7.89 + 0.07 in the case of phosphate buffer at

I =0.02 M and c (But;NI) = 0.01 M. The decrease in pK™ value as compared with pK™™ in

water — NaPSS — NaCl system is considerable even at low salt concentration. Due to low solubility of
But,NI in water, we have examined the binding of counterions using tetracthylammonium bromide.

In Figure 5, the data obtained with the same buffer systems are compared. So, in water — NaPSS —
NaCl — Na,B,40; system the dependences of pK:™ on logarithm of ionic strength are linear and are

characterized by slope of 0.67. It means that actually the degree of counterion binding is 0.67. In the
case of water — NaPSS — Et,NBr — Na' system, the dependence is also sufficiently linear and the de-
gree of counterion binding is of about 1.0. This value indicates that the association of the tetracthyl-
ammonium cations with the SO;~ groups of the polyelectrolyte is almost complete. So, the specific
adsoption of tetra-n-alkylammonium cations results in more compact disposition of polyelectrolyte
chain that has been confirmed by improvement of size measurement quality as mentioned above.
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Figure 5. The dependence of pK™s on logarithm of ionic strength (Et;NBr or NaCl) in
NaPSS-based systems. The characteristics of dependences are:
circles (NaCl): pK™ =(7.2840.03)—(0.67+0.03)xlog/ , n=4, R*=0.9973;
full triangles (Et;NBr, borate buffer): pK ™ = (6. 12+ 0.09) - (1 04+ 0.08) xlog I, n=4, R?=0.9949;
empty triangles (Et;NBr, phosphate buffer): pK ™ = (6.33 + 0.09) - (1 01+ 0.08) xlog I ,n=3.

Influence of 1-butanol. Besides ionic additives, we have determined the influence of 1-butanol on
the ionization of NR in the presence of NaCl. Firstly, the pK™ value of 7.27 = 0.04 in NaPSS solu-
tion at P : D = 100 and /= 0.05 M, with 0.80 M 1-butanol, was obtained. So, 1-butanol increases the
acid strength of the dye by 0.8 pK:™ units in NaPSS solutions. Similar effects have been observed in

the NaDS—1-butanol system [4]. Therefore, strong influence on the acid strength of NR and mentioned
above 1-butanol-induced changes in DLS measurements have pointed that 1-butanol makes the micro-
environment more non-aqueous. In this case, the term logy,/y,, becomes more negative
[Eq. (5)] due to decrease in &:

}/R _ eZNA y (2_1)2 _i y L_i . AG;O]V(BZ-])_AG;O]V(HBZ) (5)
Vur  S7€,2.303RT 8 I Eyp & 2.303RT

B HB eff w

Here e is the elemental charge, N, is Avogadro number, g, = 8.854 x 102 Fm’, 7, are the radii

log

of B! and HB” species, &, 1s the relative permittivity of water, ¢, is the effective relative permittiv-

ity of the polyelectrolyte pseudophase, and the AG™" values reflect the changes in the Gibbs solvation

energies of transfer, which are not included in the first (electrostatic) item.

Moreover, the study of the quaternary systems water — NaPSS — 1-butanol — NaCl from the view-
point of influence on the acid strength of NR is of important. Firstly, it should be noted how alter the
solubility of 1-butanol in water with NaCl addition. Thus, at 25 °C the solubility of 1-butanol is
7.41 % (wt) [37], 7.29 % (wt) [38], or according to data obtained by Stephenson [39] at 20.0°C it is
8.03 % (wt) or at 30.8°C it is 7.07 % (wt). The solubility of 1-butanol decreases with temperature rise
up to 60°C. When the solution is saturated by NaCl (of about 26 % (wt) NaCl), the solubility of
I-butanol is 0.59 — 0.7 % (wt) [37,38,40]. In 3.1 % (wt) NaCl solution 1-butanol solubility is
5.43 % (wt) [38]. In our investigation, we chose the concentration of 1-butanol as 0.80 M (5.9 % (wt)
on conditions that the density of solution equals density of water), which is similar to 1-butanol solu-
bility limit in water but somewhat lower. According to data obtained by Li [38], the given amount of
I-butanol can be dissolved in less than 2.2 % (wt) NaCl aqueous solution (of about 0.38 M NaCl).

So, we have measured the pK ™ s of NR in system water — NaPSS — 1-butanol — NaCl at salt concen-

tration not exceeded 0.38 M.
On the other hand, the NaPSS-based quaternary system should be compared with system water —
NaDS — 1-butanol — NaCl. As mentioned above, the last one is scrutinized. In our work [4] we have

reported that the value of slope of linear dependence of pK.;”™ of NR on log 7 in water — NaDS —
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1-butanol — NaCl system is 0.39 at 0.8 M 1-butanol. This parameter may be equated to the degree of
counterion binding, as it was demonstrated earlier [4,27].

The data obtained for the quaternary systems water — NaPSS — 1-butanol — NaCl are shown in Ta-
ble 3 and Figure 7. The spectra of NR in the presence of 1-butanol are exemplified in Figure 6. Firstly,
we have found out that the dependence of pK™ of NR on log / is not linear in the range

0.01 — 0.20 M NaCl. Let us consider section I — III (see Figure 7) more thoroughly. At the ionic
strength up to 0.04 M, introduction of 1-butanol significantly decreases the pK ™ of NR as compared

with system water — NaPSS — NaCl. Nevertheless, the slope of the dependence (0.58) is similar to this
one, obtained in the system without 1-butanol. On the contrary, at / = 0.04 — 0.05 M, the sharp addi-

tional decrease in pK™™ values is occurred (section II in Figure 7). When the ionic strength is further

raised, the dependence becomes linear again, its slope is 0.44 that is substantially lower in comparison
with non-1-butanol solutions of NaPSS. In micellar NaDS solution with the same concentration of 1-
butanol, the slope is 0.39 as against 0.71 in non-1-butanol system in the all range of ionic strength
under examination [4]. So, if we assume that the dye is completely bound by the coils, the sharp de-
crease in pK ™ at the range of / = 0.04 — 0.05 M is caused by additional penetration of

1-butanol in macromolecule coils and decrease effective charge density on the ‘surface’. By-turn, the
additional penetration (or specific adsorption) may result from the decrease of solubility limit of
1-butanol with increase of ionic strength (the salting-out of 1-butanol from aqueous to polyelectrolyte
phase). In the other hand, 1-butanol causes lowering of dielectric permittivity of solution. For instance,
according to Bohme and Scheler [21], the addition of methanol results in decrease of fraction of
charge (i.e. increase of counterion binding) on NaPSS. Our experiment has shown opposite effect that
confirms the penetration of 1-butanol into coils and its influences as non-ionic component of coils.

Table 3. The indices of the apparent ionization constants of the NR in NaPSS-based aqueous systems contained
0.80 M 1-butanol, the ionic strength was maintained by NaCl, phosphate buffer was used.

LM pK P

0.013 7.80 + 0.04
0.018 7.68 £ 0.07
0.027 7.64+0.03
0.040 7.50 £ 0.04
0.045 7.37+0.06
0.05 7.27 +0.04
0.09 7.17 +0.06
0.20 6.99 + 0.08

The displacement of NR in aqueous phase (the salting-out of NR from polyelectrolyte to aqueous
phase) also can be results in decrease of pK:™ values. However, the last hypothesis is less probable

since the transfer of NR in aqueous phase would cause a shift of absorption band to its aqueous values.
On the contrary, we have observed that at low ionic strength, up to 0.04 M, Apn.x = 530 nm, but at
1=0.20 M A,ax value reaches 534 nm. In the system water — NaPSS — NaCl within the whole range of
ionic strengths, Ay. = 52541 nm. It should be noted that in this case the equality of A« at low ionic
strength in 1-butanol-contained system to its aqueous value (530 nm) is coincidence and doesn’t point
on equality of dye states in those cases. Such a coincidence is caused by the dependence of NR spectra
on the concentration of NaPSS that by-turn depends on additives to water — NaPSS system. Thus, at
the increase of P : D from 10 to 1500 Ay rises from 507 nm to 540 nm [28] in pure NaPSS solutions
without salts. So, at some P : D values, which are different depending on the other compounds of solu-
tions, Am.x value can be equals 530 nm, but such a spectrum will not be the spectrum of NR in water.
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Figure 6. The spectra of NR in quaternary system water — NaPSS — 1-butanol — NaCl at /7 = 0.04 M;
Caye = 3.44 X 10° M; phosphate buffer solutions except pH 3.0 (HCI solution) and pH 11.0 (NaOH solution).
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Figure 7. The dependence of pK™ s on logarithm of ionic strength (NaCl) in NaPSS-based systems contained
0.80 M 1-butanol. The characteristics of different sections of dependence are:
I: pK™ =(6.71+0.18)—(0.58+0.11)xlog I , n=4, R*=0.981;
II: pK™ =(4.18£0.79)—(2.38+0.58) xlog I , =3, R*=0.9995;
1L pK™ =(6.70+0.15)—(0.44+0.14) xlog I , n=3, R*=0.994.
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A.lO. XapueHko, E.I. MockaeBa. BnusiHne MOHHbIX U HEMOHHbIX JOOABOK HA KWUCIOTHYH CUITy HEWTparbHOro
KpacHOro B BOAHbIX pacTeopax nonu (4-ctuponcynsdoHaTta HaTpus).

MonunoHbl nonu (4-cTuporncynbgoHaTa HaTpusi) B BOOHOM PacTBOPE MOXHO cuMTaTb KONfouaHon nceegoda-
301. AHaNoOrMYHO MULIeNIaM, HEKOTOpble COeAMHEHNS MOTYT CBA3bIBATLCA TaKkKe C 3apsXKEHHbIMU NONUSMEKTPO-
nWTHbIMK KnyGkamn. B gaHHoOM paboTe okpalleHHble KMCIOTHO-OCHOBHbIE MHAMKATOPHbIE KpacuTenu Obinn mc-
Nonb30BaHbl ANs N3yYeHUS MPOHUKHOBEHMNS MOHHBIX N HEMOHHBIX KOMMOHEHTOB PacTBOPa B MOMMAMEKTPONUTHbIE
Knybku. Takol aHanu3 OCHOBLIBAETCS Ha M3MEHEHMSIX KUCIOTHOW cunbl kpacutenei. Llenbio gaHHon paboTbl
Gbino onpeaeneHne 3aBYCMMOCTEN KaXyLUMXCS KOHCTAHT MOHU3ALMN HEATPaNbHOTO KpacHoro, K, OT MOHHOW

cunbl pacTBopa, I, B pasHbiX CMELLAHHbIX CUCTEMax, KOTopble cogepxart nonu (4-ctuponcynbcoHat HaTpus)
(NaPSS) n TeTpaatunammonuii 6pomug, TetTpa-H-bytnnammonuin nogud, nnv 6ytaHon-1 ¢ gobaskon NaCl. Hen-
TpanbHbIN KpacHbIA (PUKCUPYETCA Ha MONMANEKTPONUTHBIX knybkax Gnarogapsi anekTpocTaTMyeckMm u rapo-
HobHbIM B3anmogencTemam. OTHOLLEHNE KOHLEHTPaLMI NONM3anNeKTponuT : Kpacutens, P : D, koTopoe aBnsieTcs
BaXXHbIM MapaMeTpoM AN cnekrpodoTomeTpuyecknx mamepeHun, pasHo 100. O6HapyxeHo, 4YTO TeTpa-H-
ankunamMmMOHMNEBbBIE COMW CUITbHEE BIUSIIOT Ha KUCIMOTHYK CUy HENMTPanbHOro KpacHoro no cpaBHeHuto ¢ NaCl.
Hanpvmep, B cnyyae Tetpastunammonus 6pommnaa pkK* =7.90 £ 0.07 npu 7= 0.02 M, Toraa kak B npucyTcTeum

NaCl npu Takoi xxe UoHHoW cune pK ™ = 8.45 + 0.04. 310 MoxeT BbiTb 06BSACHEHO Ccneumnduyeckoit agcopbumen

TeTpa-H-anknnaMMOHUEBbBIX KaTMOHOB Ha «MOBEPXHOCTWU» NONMUMOHOB. BBeaeHne GytaHona-1 3HauMTenNbHO Mo-
BbILUAET KUCIOTHYH CUIYy HEWTPanbHOMO KPAaCHOro Takke, O4HAKO ero BUSHWE He SABMSeTCA MOHOTOHHbIM C U3-
MEHEHUEM MOHHOM cunbl. OBCyKAeHbI 3aBUCUMOCTH pK P OT log /, UICXOAS 13 3aKOHOMEPHOCTEN, KOTOPbIE XO-

pOLIO M3BECTHbI AN MuUennsipHbix cuctem MAB. Bce BbiLeynoMsHyTbIE CUCTEMbI ObINM U3y4YeHbl METOOO0M
OWHaMMYeCcKoro paccesiHus ceeta ¢ nomoLlpto npubopa Zetasizer Nano ZS Malvern Instruments. Bbino o6Hapy-
XEHO, YTO NpW MOHHOW cune 3x10° M u BbiLLe, pa3mep (no yncny 4actuu) nonumoHos B npucytcteumn NaCl co-
cTaBnseT okono 7 HM. BBegeHne 4ob6aBoK NpMBOAMT K HEKOTOPOMY YBENUYEHMNIO pasMepoB: Npu gobaskax Oyta-
Hona-1 pasmep 4actuy NaPSS coctaensieT 10 HM.

KnioyeBble crioBa: NoNManekTponut, nonu (4-ctuponcynegoHaTt HaTpu1s), HENTpanbHbIN KPacHbIN, KaxyLlasi-
Cs1 KOHCTaHTa MoHU3aumK, bytaHon-1, TeTpa-H-anknnamMmmoHUEBBIN KaTUOH.

A.1O. XapueHko, O.I'. Mockaesa. BnnvB ioHHUX i HEIOHHMX 406aBOK Ha KUCMOTHY CUMy HENTPanNbHOro YepBOHO-
ro B BOAHWX pO34MHax noni (4-ctupeHcynbgoHaTy HaTpito).

MoniioHn noni (4-cTupeHcynbgoHaTy HaTpilo) B BOAHOMY PO34MHI MOXHa BBaXaTu KOMOIAHOK ncesnodasolo.
AHarnoriyHo 3 Miuenamu, gesiki Cnonykn MOXyTb 3B’A3yBaTUCA TaKOX 3 3aPSHKEHUMU NMONIENEKTPONiTHUMKN KITyO-
kamu. B paHin poboti 3abapBneHi KMCNOTHO-OCHOBHI iHOUKATOPHI 6apBHUKM Oynu BUKOPUCTaHi ANsi BUBYEHHS
NPOHWKHEHHS IOHHMX Ta HEIOHHMX KOMMOHEHTIB PO34MHY B MOMIENEKTPONiTHI KNybkn. Takni aHani3 rpyHTyeTbca
Ha 3MiHax KMCNoTHOI cunu 6apBHUKIB. MeTol poboTu Byno BU3HAYEHHST 3aNEXHOCTEN YSIBHUX KOHCTAHT ioHisauii
HENTPanNbHOro 4YepBOHOrO, K™, Bif, iOHHOT CUNWN PO34MHY, I, B Pi3HUX 3MilIAHUX CUCTeMax, WO MICTATb Moni
(4-ctupeHcynbdoHaTy HaTpito) (NaPSS) i TeTpaeTunamMoHin 6pomia, TeTpa-H-0yTunamoHin iogna, abo 6ytaHon-1
3 nobaskoto NaCl. HeliTpanbHui 4epBOHWI € 3adikcoBaHMM Ha MOMIENEKTPONTHNX KIyOKax 3aBAsKM enekTpo-
cTaTu4yHUM Ta rigpodobHNM B3aeMofisiM. BigHoweHHs kOHUEeHTpauin nonienektponit : 6apeHuk, P : D, wo €
BaXXNMBUM MNapamMeTpoM [Ans CNekTpodoTOMETPUYHMX BUMIptoBaHb, AopisHioe 100. BuasneHo, wo TteTpa-H-
ankinamoHieBi Coni CUNbHiLLe BMNNBaOTb Ha KUCMOTHY CUIy HerTparnbHOro YepsoHoro nopisHsaHo 3 NaCl. Hanpwu-
knag, y Bunagky tetpaeTunamonito 6pomigy pK* =7.90 + 0.07 npu 7 = 0.02 M, Toai sik B npucytHocTi NaCl npu

Takii ke ioHHiA cuni pK® = 8.45 t 0.04. Lle moxe ByTu nosicHeHo crneumudiyHo ancopbuieto TeTpa-H-

ankinamoHieBMX KaTiOHIB Ha «NOBEpPXHi» NorniioHiB. BBeaeHHst 6yTaHony-1 3Ha4HO NiABULLYE KUCIOTHY CUIY HEWT-
panbHOro YepPBOHOIO TaKoX, OA4HaK NOro BMAMB HE € MOHOTOHHUM 3i 3MiHOI0 iOHHOT cunu. OBroBopeHo 3anexHoc-
Ti pK Bif log 7, BMXoasuM 3 3aKOHOMIpHOCTEN, siki € 40Ope BigomMnMu Ansa miuenspHux cuctem MAP. Bei Buwe-

3rafjaHi cuctemmn Oynu BUBYEHI METOOOM AMHAMIYHOro pO3CiloBaHHSA CBiTNa 3a gonomoroto npunagy Zetasizer
Nano ZS Malvern Instruments. Byno BusiBrneHo, npu ioHHIN cuni 3x107° M i GinbLue, PO3Mip (32 YNCNOM HYaCTUHOK)
noniioHie B npucytHocTi NaCl ctaHoBuUTb 6nn3bko 7 HM. BBeaeHHs no6aBok NpuBoauTb 00 AESKOro 36inbLUeHHS
po3mipy: npu gobaskax 6ytaHony-1 po3mip yactuHok NaPSS cknagae 10 HMm.

Knto4oBi cnoBa: nonienekTponit, noni (4-CTupeHcynboHaT HaTpito), HEUTPanbHUA YePBOHUN, YABHA KOHCTa-
HTa ioHi3aLji, byTaHon-1, TeTpa-H-ankinamoHieBMIA KaTioH.
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