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In this paper, the properties of cationic polyelectrolytes as tools for governing the protolytic equilibrium of
acid-base indicators in water were examined. For this purpose, water-soluble and pH-dependent poly
(hexamethylene guanidine hydrochloride), PHMG, and poly (diethylenamine guanidine hydrochloride),
PDEG, were studied. As molecular probes, a set of anionic indicator dyes were used; the key parameter is
the so-called apparent ionization constant, K,". The electrokinetic potential of the above polycationic spe-
cies in the acidic pH region is substantially positive. As a rule, the polyelectrolytes display marked influence
on the absorption spectra and state of the acid-base equilibrium of the anionic dyes at pH < 7, especially in
the case of PHMG. Both effects resemble those known for the same dyes in aqueous solutions of cationic
surfactants but are less expressed. Normally, the acid-base equilibria were studied at polyelectrolyte : dye
ratio of 150 : 1, at ionic strength 0.05 M, and 25 °C. The decrease in the pK,*" (= —-logK,*") value on going
from water to the PHMG solution is most expressed for bromocresol green (HB~ — B> + HY:
pKa, 2P — pKa 2" = —1.93. For bromophenol blue, bromocresol purple, and sulfonefluorescein, the shift of the
equilibrium is less expressed. Some kinds of specific interactions with the polyelectrolytes were revealed for
methyl orange and bromophenol blue. Also, the dependence of pK.*" on logarithm of ionic strength allows
estimating the degree of counterion binding by the polycation: 8 =0.4 £ 0.1.

Keywords: polycation, indicator dye, apparent ionization constant, poly (hexamethylene guanidine hydro-
chloride), poly (diethylenamine guanidine hydrochloride), sulfonefluorescein, methyl orange, sulfonephthal-
eins.

Introduction

This paper is aimed to study the influence of cationic polyelectrolytes on the protolytic equilibrium
of acid-base indicators in water. Solutions of cationic polyelectrolytes, particularly poly (hexamethyl-
ene guanidine hydrochloride) (PHMG), possess antibacterial properties, so the investigation of surface
characteristics of colloidal particles (e.g., the {-potential) is necessary for studying interactions poly-
ion—bacterium [1]. Cationic polyelectrolytes are used for synthesis of polymer subunit vaccines, for
example, polyoxidonium medicine [2]. Also, the cationic polyelectrolytes are applied as flocculants
for dyeing wastewater treatment [3-5]. For instance, recently, Jia et al. reported the synthesis of a se-
ries of new hydrophobic cationic poly(dimethyldiallylammonium chloride)s and showed the efficiency
of the removal of water-soluble dyes in dyeing wastewater using two anionic dyes Reactive Scarlet
3BS and Reactive Black M [3]. It was shown that the composition of a complex of a cationic unit of
poly(dimethyldiallylammonium chloride)s with a dye depends on the structure of polyelectrolyte and
the polyelectrolyte : dye (P : D) ratio varies from 1 to 4.

On the other hand, indicator dyes were used for the determination of polyelectrolytes concentration
[6]. The application of association processes between organic reagents (dyes, e.g., xanthenes) and
cationic polyelectrolytes for determination of the later were scrutinized by Chmilenko et al. [7,8].
These investigations were aimed to detect as low as possible polyelectrolyte concentrations, so the
P : D ratio was about 1 in these studies. Under such conditions, the influence of polyions on the acid-
base equilibria of dyes in solution may somewhat differ from that at high concentrations of the polye-
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lectrolytes. Higher P : D ratio, normally 100 : 1, was used by us earlier when studying interactions
between indicator dyes and an anionic polyelectrolyte poly (sodium 4-styrenesulfonate) [9].

Therefore, it is important to study the changes of protolytic properties of dyes when their concen-
tration is much lower than that of a cationic polyelectrolyte. This allows ruling out the interaction be-
tween dye molecules fixed at the polyion, known as metachromasy.

So, our aim was to determine the acidic strength of common anionic indicator dyes in aqueous so-
lutions of cationic electrolytes, with high P : D values. As a key parameter, the so-called apparent
ionization constant, K™, was chosen. The present study was devoted to aqueous solutions of poly

(hexamethylene guanidine hydrochloride), PHMG, and poly (diethylenamine guanidine hydrochlo-
ride), PDEG. The structures of PHMG and PDEG are shown in Figure 1. Owing to the presence of
secondary amino groups such polyelectrolytes are pH-dependent [8].

HoN— (CHp)g—NH—C—NH—H  Hy;N——(CH,),—NH—(CH,),—~NH—C—NH—H
I+ | o]
NH, Cl a) NH, C b)

Figure 1. Structural formulae of poly (hexamethylene guanidine hydrochloride) (PHMG) (a) and
poly (diethylenamine guanidine hydrochloride) (PDEG) (b).

As indicator dyes, methyl orange, sulfonefluorescein, and three sulfonephthalein dyes were used.
The protolytic properties of these anionic dyes in micellar solution are well documented. In our previ-
ous work, we obtained the pK™ (=-logK™) values of dyes in 5x 10* M solution of di-n-

tetradecyldimethylammonium bromide and 0.01 M solution of cetyltrimethylammonium bromide
[10,11]. The medium effects, i.e., the differences between the so-called apparent pK ™ values and the

thermodynamic values in water, pK ", vary from —1.1 to —1.8 pK, units in the above systems [10,11].

Similar medium effect were observed earlier for bromothymol blue in aqueous solutions of
poly [(vinylbenzyl)trimethylammonium chloride] by Baumgartner et al. [12].

The ionization of the zwitter-ion of methyl orange, HB, corresponds to the charge type +/—. The
second step of sulfonephthaleins ionization occurs according to the charge type —/= (bromophenol
blue, bromocresol green, bromocresol purple). Also, sulfonefluorescein was used as a dye which ion-
izes by two steps (+/— and —/=). The equilibria of the dyes are shown in Schemes 1-3. Analogously to
the systems “cationic dye — polyanion”, these anionic dyes are bound to polycations primarily due to
electrostatic interactions [4,9,13—15].
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Scheme 1. The ionization of methyl orange.

Scheme 2. The ionization of sulfonephthalein dyes: 3,3',5,5'- tetrabromo- (bromophenol blue); 2,2'-dimethyl-
3,3',5,5'-tetrabromo- (bromocresol green); 3,3'-dimethyl-5,5'-dibromosulfonephthalein (bromocresol purple).
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Scheme 3. The ionization of sulfonefluorescein.
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Experimental section

Materials. The cationic polyelectrolytes poly (hexamethylene guanidine hydrochloride) (PHMG)
and poly (diethylenamine guanidine hydrochloride) (PDEG) were synthesized in Ukrainian State Uni-
versity of Chemical Technology, Dnipro; the synthesis is described in publications [16] and [17], re-
spectively. These substances were prepared initially as 25 wt % aqueous solution. The molecular mass
of PGMG is 10x 10° g mol™' while PDEG is characterized by some less molecular mass of 8 x 10° g
mol ™. The stock solutions of PHMG and PDEG with the concentrations, which as a rule didn’t exceed
0.10 M, were prepared by weighting. They appeared to be slightly alkaline. The weighted sample of
the stock polyelectrolyte solution was diluted with pure water, stirred, and used as a stock solution.
The working solutions were prepared by further dilution. Hereafter, the concentrations of polyelectro-
lytes are expresses in monomer mol dm™ (monomol dm™ or M). The pH values of the diluted polye-
lectrolyte solutions in water without buffer additives were somewhat enhanced as compared with the
air-saturated water. For example, in 0.00132 M PHMG pH = 7.23 and in 0.0145 M PDEG pH = 8.33.
Poly (sodium 4-styrenesulfonate), molecular mass of 70x 10° g mol™', was purchased from Sigma-
Aldrich as a powder. The polyelectrolyte was used as received; its solutions were prepared as de-
scribed previously [9]. The anionic surfactant sodium n-dodecylsulfate was used as received from
Vekton (Russia). Hydrochloric, acetic, and phosphoric acids, and borax used for preparation of work-
ing solutions were of analytical grade. The aqueous solution of NaOH was prepared using the satu-
rated stock solution of alkali using CO,-free water and kept protected from the atmosphere. The ionic
strength, /, of the acetate buffer mixtures used for determination of the ionization constants did not
exceed 0.01 M. The total / value of the bulk (aqueous) phase was maintained by appropriate NaCl
addition. The samples of the dyes neutral red, bromophenol blue, bromocresol green, bromocresol
purple, methyl orange, and sulfonefluorescein were already used in our previous studies [9-11,18,19].

Methods. The apparent ionization constants of indicator dyes were determined via a standard pro-
cedure [9-12, 18, 19]. Absorption spectra were measured with Hitachi U-2000 spectrophotometer
against pure water as blanks, at 25°C. The pH values were created by buffer solutions. The pH deter-
minations 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 reference electrode. The cell was calibrated with standard buffer solutions:
pH 9.18, 6.86,4.01, and 1.68 at 25°C.

The ionization of an indicator acid in solution can be described by the below equation:

HB° <= B*'+H", K, (1)
Therefore, the apparent ionization constant, K™, should be expressed as:
[ HB" ] A, — 4
K™ =pH_ +lo ¢ = pH,, +log—"—— 2)
P P ¢ |:BZ_1:|L‘ A- AHB

The brackets denote equilibrium concentrations. The acid-base couple HBY/B*" is (partly) associ-
ated with polycations; pH,, is the pH value of the continuous (aqueous) phase; 4 is the absorbance at
the current pH,, value, Ag and Ay are absorbances under conditions of complete transformation of the
indicator into the corresponding form. The subscript ¢ (total) denotes that the concentration is ex-
pressed in moles per dm® of the whole solution.

The precise dye concentrations were ascertained by spectrophotometric method using the previ-
ously known molar absorptivity values. The dye concentrations in working solutions were about
1 x 10~ M. Similarly to anionic polyelectrolyte solutions, cationic polyelectrolyte solutions results in
metachromasy of some dyes [20]. So, it is necessary to control the polyelectrolyte : dye concentration
ratio, P : D, for all chosen dyes.

The polyelectrolyte particle size distribution and zeta-potentials, {, were determined via dynamic
light scattering, DLS, using Zetasizer Nano ZS Malvern Instruments apparatus. The equilibration time
of each probe was 120 s, the number of size measurements of each probe was 10 ns, and every meas-
urement 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, the “solvent builder”, was used. This program, which is
introduced in the Zetasizer soft, allows calculating the viscosity of the dispersant at NaCl additions.
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Results and discussion

DLS characterization of polyelectrolyte solutions. The dependence of {-potential of PHMG on
pH values was already reported by Wojciechowski and Klodzinska [1]. We measured this parameter
of PHMG at pH 2. A mean value of +21+9 mV was evaluated. However, the { value changed from 8.7
to 39.8 mV, and some precipitation was observed during the measurements. Probably, electrocoagula-
tion is the main reason of this disturbing phenomenon, but in any case a substantial positive charge of
the macromolecular species is firmly proved. The same is true for PDEG. A particles’ size of 1-2 na-
nometers was roughly estimated, which is in agreement with the above mentioned molecular mass.

Methyl orange. First of all, methyl orange as indicator dye was used because of its relatively sim-
ple structure and well-known solvatochromic properties [21]. As it was shown in our previous paper
devoted to aqueous solutions of an anionic polyelectrolyte [9], the appropriate conditions for the de-
termination of apparent ionization constants of dyes are reached in semi-diluted polyelectrolyte solu-
tions. Hereafter, we define the polyelectrolyte : dye concentration ratio as P : D. In general, at
P : D =100 - 1000, one can reach condition similar to those in surfactant micelles, when a dye mole-
cule interacts only with cationic sites of polyelectrolyte and is not influenced by another dye molecule.
These conclusions should be correct for methyl orange too. For example, Vleugels et al. [20] carried
out a detailed investigation of the interaction between methyl orange and polycations. They have in-
vestigated the influence of molecular structure of the cations, composition (i.e., P : D ratio), pH, and
ionic strength on association between methyl orange and polycations. It was shown that in solutions of
poly (diallyldimethylamine hydrochloride), a pH-independent quaternary ammonium salt with mo-
lecular mass of 107x 10°> g mol "', the metachromatic band of dye aggregates appeared in acetate
buffer (pH=4.0,/=0.01 M)atP: D = 0.2-1.0.

In our study in unbuffered systems with pH ~7.0 and / — 0, the methyl orange aggregate band
about 350 nm appeared in PDEG solutions even at P : D = 100. This type of aggregates is well docu-
mented in the literature [20, 21]. However, under these conditions no distinct bands were observed in
the case of PHMG (Figure 2).
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Figure 2. Absorption spectra of methyl orange in PHMG (a) and PDEG (b) solutions at different P : D values,
¢ (dye) =1.45x 107 M.

The pK™ values of methyl orange were determined under conditions that allowed to avoid dye

aggregation. Therefore, the experiments for PHMG and PDEG were made at the P : D ratio of 500 and
1000, respectively. The pH-dependence of absorption spectra is depicted in Figure 3.

The pK:™ values in colloidal solution of PHMG and PDEG are 2.91+0.03 and 3.19+0.05, respec-
tively. They are lower as compared with the themodynamic value in water: pK = 3.42+0.02 [22];
3.45 [23], but the decrease in micellar solutions of cationic surfactants and in corresponding
microemulsions is much more expressed: the pK™ values in such systems are below unity [22, 24].

Though methyl orange is a solvatochromic indicator, no significant shifts of absorption maximum was
observed. While in a cationic surfactant-based microemulsion, Ay, moved from 462—-463 nm to 420
nm [24], in PHMG and PDEG solutions Ay,x = 469 nm and 466.5 nm, respectively at pH = 7.0,
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I — 0. Hence, these small shifts are bathochromic, which is not typical for the anionic form of methyl
orange on going from water to organic microenvironments.
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Figure 3. Absorption spectra of methyl orange in PHMG solutions at P : D = 500 (a) and in PDEG solutions at
P : D = 1000 (b) at different pH; HCI solutions, / = 0.05 M (HCI + NaCl), ¢ (dye) = 1.45x 10~ M.

Relatively small medium effects, i.e., the pK ™ shifts, for methyl orange in PHMG and PDEG so-

lutions can result from charge type “zwitter-ion — anion”. Also, the incomplete binding of the zwit-
ter-ion by the macromolecule should not be ruled out because the A.x values in the polyelectrolyte
solutions are ca. the same as in water.

Sulfonefluorescein. In order to examine the influence of the charge type of an acid-base indicator
couple on the medium effects (pK™ shifts) in cationic polyelectrolyte solutions we used the dye sul-

fonefluorescein. In this case (Scheme 3), the two-step ionization occurs from the zwitter-ion to the
anion and then to the dianion. The absorption spectra of sulfonefluorescein at different pH and
1=0.05M are presented in Figure 4. The ratio P: D = 100 was chosen for the absorption spectra
analysis of sulfonefluorescein in PHMG solutions. As sulfonefluorescein is not a metachromatic dye,
such P : D ratio is enough for observation of isolated dye molecules in polyelectrolyte microenviron-
ment. Two distinct isosbestic points were observed that opens the possibility to determine the indices
of the apparent ionization constants: pK ™ = 3.00+0.08 and pK %" = 5.77£0.09. In water, pK* = 3.10

and pK" = 6.76 [18]. Thus, the medium effect in the case of the ionization of the anion (- 0.99 pK,
units) is much more expressed than in the case of the zwitter-ion — anion equilibrium (- 0.1 pK,

units). Here, as in the case of methyl orange, the degree of binding of zwitter-ionic form is unclear. By
contrast, the association of anionic dye species with the polycation is more probable.
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Figure 4. The absorption spectra of sulfonefluorescein in PHMG solution at P : D = 100 at different pH (the HCI
solutions, acetate and phosphate buffer were used), 7 = 0.05 M, ¢ (dye) = 1.39 X 10° M (a); the dependence of
absorption of sulfonefluorescein in PHMG solution on pH, P : D =100, /= 0.05 M (b).
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The pK%® values of the dye in 5% 10~ M solution of di-n-tetradecyldimethylammonium bromide,

1=0.01 M [10] and 0.01 M solution of cetyltrimethylammonium bromide, / = 0.05 M [11] are 4.91
and 5.73, respectively. Again, the medium effects in PHMG solutions are less expressed than in micel-
lar solutions of cationic surfactants.

Thus, the influence of PHMG on protolytic equilibria of dyes is much more expressed in the case
of the charge type —/=. Therefore, sulfonephthalein dyes (Scheme 2) were used for further investiga-
tions.

Sulfonephthaleins. A pronounced metachromatic effect was observed for bromophenol blue in so-
lutions of PHMG and PDEG (Figure 5). At low P : D ratio, the dye aggregates manifest themselves in
significant changes of absorption spectra. Moreover, in PHMG solution at P : D = 1 a fine-dispersed
sediment appears due to association of dye molecules with polyelectrolyte cationic sites.
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Figure 5. The absorption spectra of bromophenol blue in PHMG (a) and PDEG (b) solution at different P : D
values, ¢ (dye)=1x 10° M, pH ® 11.0,1 — 0.

Correspondingly, the determination of pK™ values of bromophenol blue was complicated by the

abovementioned coagulation processes. In Figure 6, the absorption spectra of bromophenol blue solu-
tions are shown at different pH and P : D = 100 and 1000. In the case of PDEG at higher pH values,
pH 12, the dye is displaced from pseudophase due to deprotonation of the polycations and disappear-
ance of its positive charge [8].

0.7 0.8,
——P:D=1000
064 - --P:D=100 pH12.0
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Figure 6. The absorption spectra of bromophenol blue in PHMG solution at P : D = 100 and 1000 at different
pH (the HCI solutions were used) (a), and in PDEG solution at P : D = 100 at different pH (the HCI solutions
were used) (b), 7=0.05 M, ¢ (dye) = 1.0 x 10~ M.

At low P : D values, bromocresol purple also forms aggregates, but at P : D = 150 it is possible to
obtain the pK* value in PHMG solutions (Table 1). On the other hand, the polyelectrolyte PDEG

cannot bind the dye molecules probably due to deprotonation of the polycation within the pH range
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that corresponds to the protolytic equilibrium of bromocresol purple (pK,” = 6.30). This statement is
confirmed by significant dependence of pK:™ values on pH (pK:™ = 5.98 —6.33). The pK™ value
increases along with the pH rise. The highest medium effect is observed for bromocresol green,
pK™ — pK) = — 1.93. However, in this case the pK!™ value is also influenced by pH: pK™
changes from 2.74 to 3.18 at pH 2.39 to 3.95. This may be a result of structural changes of the macro-
molecule. The absorption spectra are represented in Figures 7 and 8.

It may be concluded that the cationic polyelectrolytes under study in this work influence the proto-
lytic equilibria of dyes similarly to micelles of cationic surfactants.

Table 1. The indices of the apparent ionization constants of the dyes in PHMG solutions at P : D = 150 and
I1=0.05M.

Indicator dye pK,' pK;"” pPK,”™ — pK,'
Methyl orange, pK, 344 | 291+0.03° -0.53
Sulfonefluorescein, pK,, 3.10 3.00+0.08 " -0.10
Sulfonefluorescein, pK,, 6.76 5.77+0.09° -0.99
Bromocresol purple, pK, 6.30 4.88+0.08° -1.42
Bromophenol blue, pK,, 4.20 ~254 ~ -1.7
Bromocresol green, pK,, 4.90 2.97+0.18 -1.93

“In PDEG solutions, pK™ =3.19 +0.05; °P : D = 100; ¢ in PDEG solutions, pKX™ = 6.19 + 0.16; ¢ in PDEG

solutions, pK;*™ * 3.3.
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Figure 7. The absorption spectra of bromocresol green in PHMG solutions at different pH values (the HCI solu-
tions were used) at P : D =150 and /= 0.05 M, ¢ (dye) = 1.7X 10 M.
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Figure 8. The absorption spectra of bromocresol purple in PHMG solutions at different pH values (acetate and
phosphate buffer were used) at P : D = 140 and 7=10.05 M, ¢ (dye) = 9x 10°® M (a); the absorption spectra of
bromocresol purple in PDEG solutions at different pH values (acetate and phosphate buffer were used) at
P:D=150and /=0.05M, ¢ (dye) =9 % 10° M (b).
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Dependence of pK™ on ionic strength of PHMG solution. We have also examined the influence

of the ionic strength maintained by NaCl on the acid-base equilibrium in these systems. As an exam-
ple, the ionization of sulfonefluorescein was chosen because of less expressed tendency to precipita-
tion in the presence of the polyelectrolytes under study. The absorption spectra of the dye at different
pHs are exemplified in Figures 9, 10. It should be noted that at higher ionic strength, the isosbestic
point that corresponds to the anion to dianion transition is somewhat fuzzy. As a probable reason the
structural changes of the macromolecule in the acidic pH region may be assumed.

1.0
0.8
0.6
04

0.2

0.0 : : . .
350 400 450 500 550 600

A, MM

Figure 9. The absorption spectra of sulfonefluo- Figure 10. The absorption spectra of sulfonefluo-
rescein in PHMG solution at P : D = 100 at different rescein in PHMG solution at P : D = 100 at different
pH (acetate and phosphate buffer were used), pH (acetate and phosphate buffer were used),
I1=0.10 M, c (dye) = 1.35% 10> M. I1=0.20 M, c (dye) = 1.35% 10° M.

Assuming that the degree of binding of the dye anions by the PHMG stays unaffected during the /
(NaCl + buffer mixture) variation and following the relations derived for ionic surfactants [18, 19], the
slope of the pK™ vs log/ may be considered as the degree of counterions binding, B. Here, CI°

should be considered as counterion.

6.2-
6.0-
(o}
Snw 58 -
X
o
5.6
PK 3PP - (6.30 £0.05) +
54] 1 +(0.39 + 0.07) log /, R°= 0.989

18 16 -14 -12 10 -08 -06 -04
log /
Figure 11. Dependence of pK:™ on logarithm of ionic strength; sulfonefluorescein in the PHMG — NaCl sys-

tem.
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This S value is lower than that estimated with the help of the same dye for the cetyltrinethylammo-
nium bromide — Br™ system (0.76+0.02) [11]. The £ value for the poly (sodium 4-styrenesulfonate) —
Na' system determined using a set of cationic dyes varies within the range of 0.58-0.72 [9]. For cati-
onic polyelectrolytes, ion exchange constants of different counterions are available [25, 26]. They give
evidence for relatively low affinity of the Cl ions to the cationic polyions.

Interaction of PHMG with an anionic polyelectrolyte. In addition to the above results we
examined the interaction between a cationic polyelectrolyte and an anionic one. As cationic compo-
nent, PHMG was chosen, whereas the previously studied poly (sodium 4-styrenesulfonate) [9] was
used as a macroscopic counterion. Mixing these compounds predictably resulted in mutual coagula-
tion. Next, the addition of sodium n-dodecylsulfate (0.02 M) caused peptization: the colloidal system
was restored (Figure 12a).

) 08
by number -7
25 07] pH4.0
0.6
20 by volume pH 7.64
= 0.5]
s 15 <T 04
0.3{
104 by intensity 021 pH 120
5 0.1,
0- : _.-"'"'-I."“'"'-h_ , s, 0.0F ; : ; )
1 10 100 1000 10000 350 400 450 500 550 600 650
d, nm A, M
a) b)
Figure 12. The size distribution of particles in system poly (sodium 4-styrenesulfonate) — PHMG — sodium #-
dodecylsulfate, the analytical concentration was c (poly (sodium 4-styrenesulfonate)) = 0.0047 M,
¢ (PHMG) = 0.005 M, ¢ (sodium n-dodecylsulfate) = 0.02 M (a), the absorption spectra of neutral red in system
poly (sodium 4-styrenesulfonate) — PHMG — sodium #n-dodecylsulfate at 7=0.05 M,

poly (sodium 4-styrenesulfonate) : D ~ 150, ¢ (poly (sodium 4-styrenesulfonate)) = ¢ (PHMG) = 0.005 M,
¢ (sodium n-dodecylsulfate) = 0.02 M (b).

In Figure 12b, the absorption spectra of anionic dye neutral red are shown. The pK™ value of neu-

tral red in the restored mixed colloid system was found of about 8.70 that semi-quantitatively agrees
with that one in micellar solution of sodium n-dodecylsulfate, 9.21 [27]. Hence, the charge of thus
obtained colloidal species is certainly negative, which explains the driving force of the peptization
phenomenon.

Conclusions

1. The cationic polyelectrolytes examined in this paper exhibit strong interaction with anionic
dyes. Besides the well-known metachromatic effect, the macromolecules display an expressed
shift of the protolytic equilibria of indicators towards the acidic region.

2. The quantitative processing of the data at appropriate polyelectrolyte : dye ratio allows deter-
mining the apparent ionization constants of the indicators. Their values resemble the corre-
sponding effect of micelles of cationic surfactants.

3. The dependence of pK:™ vs. logarithm of ionic strength in the PHMG — NaCl system was

treated analogously to the corresponding salt effects in micelles of ionic surfactants. This al-
lowed estimating the degree of counterion Cl™ binding by the polycation as = 0.4t 0.1.

4. Interaction between PHMG and poly (sodium 4-styrenesulfonate) results in a kind of mutual
coagulation. The deposit thus formed is dissolved by adding sodium n-dodecylsulfate. This
procedure leads to appearance of negatively charged colloidal species.
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Haoicnano oo pedaxyii 25 sicoemus 2019 p.

A.1O. XapueHko*, M.A. Pomax*, K.B. AHoeat, M.H. Tepewykt, H.O. Muyeanos-letpocan*. BogHble pacTtBopbl
nomnun (rekcameTureH ryaHuavH rmgpoxnopvaa) v nonum (AMaTuneHamyvHo-ryaHuavH ruapoxmnopuaa): uccnegosa-
HMEe NPU MOMOLLUN KNCITOTHO-OCHOBHbIX MHOUKATOPOB.

* XapbKOBCKWI HaLMOHanbHbIA yHUBEpPCUTET MMeHu B.H. KapasuHa, xumnyeckuin dpakyneteT, nn. Ceoboapl, 4,
XapbkoB, 61022, YkpauHa

T YKpauHCKMIA rocyaapCTBEHHbIA XUMWUKO-TEXHOIOTMYECKUA YHUBEPCUTET, npocnekT [arapuHa, 8, [OHenp,
49000, YkpanHa

B HacTosLwen ctaTbe MccrneaoBaHbl CBOWCTBA KAaTUOHHBIX MONUANEKTPONIMTOB Kak cpeacTBa yrnpaBneHus npo-
TONMUTMYECKNMM PABHOBECUSIMU KMCITOTHO-OCHOBHbIX MHAMKATOPOB B Boae. C 3TOM Lenblo M3y4eHbl BOAOpPacTBO-
pyMble pH-3aBucvMble Monu (rekcameTuneH ryaHuaud rugpoxnopua), MM, n nonu (guatnamuH ryaHuauH
rmgpoxnopua), NAEN. B kayectBe MONeKynspHbIX 30HAOB NCMONb30BaH HAbOP aHNOHHBIX MHONKATOPHBLIX Kpacu-
Tenen, NPy aTOM KITOYeBbIM NapameTpoM SIBISIOTCS Tak HasblBaeMble KaXyLUMecs KOHCTaHTbl MoHu3aummn, K.
OneKTPOKMHETNYECKMIA NOTEHUMan 060MX KaTUOHHBLIX MAKPOMOJIEKYI B KMcron obnactn pH cylecTBeHHO Nomno-
XuTenbHbIn. Kak npaBuno, nccneqoBaHHbIE NMOMMANEKTPONUTLI OKasbiBalOT 3aMEeTHOE BIWSHME Ha CMeKTpbl No-
MOLLEHNS N MONOXEHNE KNCMOTHO-OCHOBHBIX PaBHOBECUW aHWMOHHbIX kpacuTenen npu pH < 7, ocobeHHO Bbipa-
XeHHoe B criyyqae MM, Oba ynomsiHyTbIX adpekTa HanoMMHAaKT TakoBble AN 9TUX Xe KpacuTernen B pacTBo-
pax kaTuoHHbIX MAB, HO MeHee BblpaxeHbl. KNCIOTHO-OCHOBHbLIE paBHOBECUSI UCCreaoBanuch rmaeHbIM 0bpa-
30M MpW COOTHOLIEHMM MOMMUINEKTPONUT : kpacutenb = 150 : 1, npu noHHon cune 0.05 M n 25 °C. CHuxeHne
3HaueHuns pK," (= —logK,"") npn nepexone ot Boapl k pacteopam MNIMIT Hanbonee 3HaunTeneH ans 6pomMkpe-
30M0BOro 3enéHoro (HB~ <= B? + H'): pKa ™ — pKa2" = —1.93. [lnst GpoMdEeHONOBOro CUHero, GpoMKpe3ormno-
BOro NyprnypHOro u cynbgodriyopecuenHa COOTBETCTBYIOLNIA COBUI MeHee BblpaxkeH. OBHapyKeHbl Takke HEKO-
TOpble crneunduyeckne B3aMMOAENCTBUS MeTuropaHxa u 6pomMdEHONOBOr0 CMHErO C MONMANEKTPONUTAMM.
Kpome Toro, 3aBucumocts pK,** oT norapmdma MOHHOM CUMbl NO3BOMSAET OLIEHWUTbL CTENEHb CBA3bIBAHUSA NPOTU-

BOVOHOB nonukaTmoHom: 8 = 0.4 0.1.
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KnroyeBble cnoBa: MoONMKaTWOH, MHONKATOPHBIA KpacuTernb, KaXyLlasacsi KOHCTaHTa MoHM3aumm, nonmm (rekca-
METUINEH ryaHuauH ruapoxnopug), nonu (QMatunamuH ryaHuavH ruapoxnopug), cynsgodnyopecuevH, MeTuno-
paHX, cynbdodTanenHso.

A.10. XapueHko*, M.O. Pomax*, K.B. AHoBat, M.M. Tepewykt, M.O. Muyegnos-IetpocsaH*. BogHi po34mHu noni
(rexcameTuneH ryaHigiH rigpoxnopuay) Ta noni (aMeTuneHamiHo-ryaHigiH rigpoxnopuay: AOCNIMKEHHS 3a Oomno-
MOFOK KUCITOTHO-OCHOBHUX iHOMKATOPIB.

* XapKiBCbkU HaLioHanbHUIA yHiBepcuTeT iMeHi B. H. KapasiHa, ximiyHuii pakynbteT, nn. Ceoboau, 4, Xapkis,
61022, YkpaiHa
T YKpaiHCbkuin aepxaBHUIA XiMiKO-TEXHOMNOTYHUIA yHIBEpCUTET, NnpocnekT MarapiHa, 8, [Hinpo, 49000, YkpaiHa

B uiit ctaTTi gocnigxeHo BMacTMBOCTI KaTiOHHUX MOMienekTponiTiB Sk 3acobiB kepyBaHHA NPOTOMNITUMHUMMU piB-
HOBaramm KMCINOTHO-OCHOBHUX iHAMKATOPIB Y BOAi. 3 L€ METO BMBYEHO BOLOPO34MHHI pH-3anexHi noni (rek-
cameTuneH ryaHigid rigpoxnopug), NMIEMI, Ta noni (gieTunamin ryadigin rigpoxnopua), NMAE. Ak monekynspHi
30HAM BUKOPUCTAHO Habip aHIOHHMX iHAMKATOPHUX GAPBHUKIB, NPUYOMY KIOYOBMM MapaMeTpoM € TaK 3BaHi YSBHI
KOHCTaHTU ioHisaLii, K,™*P. EneKkTpoKiHETUYHWI noTeHuian oBox MakpoMmonekyn B kucnii obnacti pH cyTTeso
NO3NTMBHUA. FK NpaBuno, AOCHIMAKEHI MONIeNeKTPoniTM MOMITHO BMNNMBAKOTbL Ha CMEKTPW MOMMMHAHHA Ta CTaH
KMCINOTHO-OCHOBHMX piBHOBar 6apeHukiB npy pH < 7, ocobnmeo B pasi NIMI. O6naea 3a3HadveHi edekTy Haraay-
IOTb Taki WO cnocTepiranucs Ans umx cammx 6apBHUKIB y po3unmHax KaTioHHUX MNAP, ane He HacTinNbKM BUPaXKeEHi.
KnucnoTHo-oCcHOBHI piBHOBarn gocnigxyBanucst 30ebinblioro npy ChiBBiAHOLWEHHI nonienekTponit : 6apBHUK =
150 : 1, npu ioHHin cuni 0,05 M i 25 °C. 3HuxeHHs1 aHaveHHa pK,™ (= —log K»*"") npu nepexopi Bin Boan [0 pos-
anHiB MMMI™ HaiGinbL 3HauHe Ans GPOMKPE30MoBoro 3eneHoro (HB™ == B? + H'): pKa ™ — pKa 2" = —1.93.
[Ons ©6pomdeHOonoBoro CMHLOro, GPOMKPE30NOBOr0 NyprnypHOro Ta cynbdodnyopecueiHa BiaNoBiAHWA 3cyB
MEHLL BUpPaXXeHWU. BuaBneHo Takox Aesiki cneundiyHi B3aeMogii MeTunopaHxy tTa 6pomMdgeHONoBOro CUHLOro 3
nonienektponitamu. KpiMm Toro, sanexHictb pK,™" Big norapudmy iOHHOT CUNM [O3BOMSE OUIHUTK CTYMiHb

3B’A3yBaHHA NPOTHIOHIB nonikaTioHom: 8 = 0.4+ 0.1.

KnrouoBi crnoBa: nonikaTioH, iHaMKaTopHWIA 6apBHKMK, YsIBHA KOHCTaHTA iOHi3auii, noni (rekcaMeTuneH ryaHignH
rigpoxnopua), noni (aueTuneHamiHo-ryaHigiH rigpoxnopuva), cynbdodnyopecueid, MeTunopaHx, cynsgodTanei-
HW.
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