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Several approaches quantitatively describe the effect of surfactant micellar solution on the reaction rate.
The most used among them are Piszkiewicz’s, Berezin's, and Pseudophase lon-Exchange (PIE) models.
The last-named was developed by Bunton and Romsted.

Piszkiewicz's model is based on representations of the micellization according to the mass action law with
the formation of a catalytic micelle, which consists of some surfactant molecules and a substrate. In our pre-
viously paper, this model was used to explain the kinetic micellar effect on the reaction of cationic triphenyl-
methine dyes with water once again showed the main disadvantages of this approach.

Berezin’s model is based on another model of micelle formation viz. the pseudophase model, and the
binding of reagents by micelles is considered as the distribution of a substance between two phases. In this
work, we aim to consider the applicability of Berezin’s approach for the interaction of malachite green and
brilliant green cations with water molecule as a nucleophile in aqueous systems of nonionic, anionic, cati-
onic, and zwitterionic surfactants. On the whole, Berezin's model performed well when applied to the de-
scription of the micellar effect on the reaction of similar dye with the hydroxide ion. However, it was revealed
that this model does not take into account the change in the local concentration of the HO™ ions due to a
compression of the double electric layer upon addition of reacting ions to the system, as well as the constant
of association of the HO™ ions with cationic head groups of surfactant. In this case, when water is used as a
nucleophile, the question of the degree of nucleophile binding can be solved differently.

The PIE model is also based on a pseudophase model of micellization, but a substrate binding by mi-
celles is considered as an association in a stoichiometric ratio of 1:1, and a nucleophile concentration is ex-
pressed in a local concentration based on the neutralization degree of micelles. Given the latter, its ap-
proach cannot be applied to the kinetic micellar influence on the reaction of cationic triphenylmethine dyes
with water.
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Introduction

The models of the kinetic micellar effect are usually tested using the reactions of nucleophilic addi-
tion of hydroxide ions or alkaline hydrolysis [1-6]. In a previous paper, we began to consider the ap-
plicability of Piszkiewicz’s kinetic micellar model on the reaction between an ion and a neutral mole-
cule. As an example of this reaction type, we used the fading of cationic triphenylmethine dyes in an
acidic medium due to the interaction with water molecule as a nucleophile [7].

Earlier it was established that ratio of the observed second-order rate constant and the correspond-
ing constant in water, kqs/ky, increases with increasing the cgyfactant, With a plateau in the micellar re-
gion [7]. In the case of sodium dodecylsulfate, SDS, the constancy of the ks value is achieved already
in the premicellar region. The premicellar surfactants effect was explained by the high affinity of the
dye and surfactant monomers, which leads to micelle formation before its critical micelle concentra-
tion, CMC, value, or by the dye interaction with premicellar surfactant aggregates.

According to the pseudophase Berezin's model, the kinetic micellar influence is considered based
on: (i) the binding of reagents by micelles is a distribution between two phases and (ii) micellar pseu-
dophase and the aqueous phase are considered as separate media in which chemical reactions take
place simultaneously [8,9]:

v = kyp [ Dye*),[H,0], = k,[Dye*],[H,01,,(1- CV) + k,[Dye* ], [H,01,CV . (D)
Here k,, is the second-order rate constant in the micellar pseudophase; [Dye'] and [H,0] are the

concentrations of the reagents in each phase. The indices m and w refer to the micellar and aqueous
phases, respectively, and the suffix ¢ corresponds to the total concentrations; V is the molar volume of
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the surfactant; C is the concentration of the micellized surfactant. The factors CV and 1 — CV are the
fractions of micellar pseudophase and aqueous phase volume, respectively.
The dependence of the rate constant on the surfactant concentration in Berezin's model is described
by equation (2) [8].
kaDyg PHZOC V+k,

k, = ,
P+ KDye+ O)1+ K, ,C)

Here prg _ [ Dye* ]m /[ Dy ejw S By = [HZO] /[Hzo] ; K is the reagents binding constant, expressed in

m w

2)

framework of Berezin’s model in the following way K = (P — 1)V [9].

The results of quantitative analysis according to Berezin’s model and their discussion

Quantitative treatment was performed for previously published rate constants of the interaction of
malachite green and brilliant green with water (Fig. 1) in aqueous surfactants systems: nonionic — Brij-
35, anionic — SDS, cationic — cetyltrimethylammonium bromide (CTAB), and zwitterionic —
3-(dimethyldodecylammonio)-propanesulfonate (DMDAPS) [7].

R R R R
k
+ HzO _— HO + H+

Figure 1. Interaction of malachite green, R = —N(CH;),, and brilliant green, R = —-N(C,Hs),, with
water.

The partition coefficient of the dye is much higher than unity because (i) the dyes binding by the
micelles is confirmed by solvatochromic shift [7] and (ii) the binding is a consequence of hydrophobic
interactions and electrostatic forces. The water distribution coefficient is close to unity. This follows
from the MD modeling of the water volume fraction in the surface layer of micelles, obtained depend-
ing on its thickness: 59 vol% for 0.4 nm, 72 vol% for 0.6 nm, 83 vol% for 0.8 nm, 88 vol% for 1.0 nm,
and 90 vol% for 1.1 nm [10]. Therefore, simplified equation (3) of Berezin's model can be used [8,9].

kP .CV+k
— et 3)

kabs -
1+pP .CV

Molar volumes of surfactants used in the calculations were 1.064 M for Brij-35 [11], 0.314 M
for DMDAPS [12], 0.364 M for CTAB [13], 0.246 M ' for SDS [11].

The C value equals the total surfactant concentration from which CMC is subtracted [8,9]. How-
ever, a calculation using the CMC value, which corresponds to a dye-free system, showed a discrep-
ancy between theory and experiment for systems, in which the change in the rate constant began in the
pre-micellar concentration range; the obtained R* values were less than 0.8. Therefore, for these sys-
tems, the "kinetic CMC" value, that is the surfactant concentration at which changes in the rate con-
stant begin to occur, was used as the CMC value. For systems in which the change in the rate constant
occurs immediately, the concentration of the micellized surfactant was taken to be the surfactant
monomers concentration. It should be noted that this approach is quite applied [14,15]. Its validity is
to some extent confirmed based on particle size data obtained by the dynamic light scattering, where it
was found that at the presence of the triphenylmethine dye the micelle formation occurs earlier than in
a dye-free system [1,2].

The application of equation (3) to reactions with H,O as a nucleophile in Brij-35, DMDAPS,
CTAB, and SDS systems shows a satisfactory correspondence between the experimental points and
the points calculated by equation (3), except anionic surfactant solutions near CMC from 0.002 to
0.015 M (see Fig. 2). Probably, this discrepancy is due to the possibility of H' ions concentrating in
the Stern layer of anionic surfactant micelles due to electrostatic attraction at low micelles concentra-
tions. This also accelerates the interaction of the dye with water, because the rate constant of this reac-
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tion increases with decreasing pH [16,17]. The H" ions concentrating in micelles decreases with in-
creasing SDS concentration, which reduces this effect on the observed rate constant. However, this
effect was not taken into account in equation (3). The obtained parameters according to Berezin’s
model are given in Table 1.
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Figure 2. Dependence of k,/k,, reactions of MG" (V) and BG" (A) with H,O on the coufactanss: (2) CTAB, (b) Brij-
35, (c) SDS, and (d) DMDAPS. The lines are drawn according to Berezin’s model.

Table 1. The parameters obtained according to Berezin’s model for the reactions of dyes with water in Brij-35,
DMDAPS, CTAB, and SDS micellar systems

Surfactant | R kp, M5! P dye
The reaction of MG" with H,O
k,=4.44x10°M's'atpH=3,¢=25°C,[=1x10"M
Brij-35 | 0.965 | (5.88+0.04)x10° | (2.1 £0.2)x10°
DMDAPS | 0.985 | (8.52+0.08)x10° | (7.2 +0.6)x10
CTAB | 0.987 | (7.02+0.04)x10° | (2.6 0.2)x10’
SDS 0.958 | (9.6+0.1)x10° | (4.1 £0.9)x10

The reaction of BG" with H,O
k,=621x10°M's " atpH=3,7/=25°C,/=1x10"M
Brij-35 ] 0.981 | (7.32=0.02)<10° | (1.03 £ 0.09)x10°

DMDAPS | 0.979 | (1.09 = 0.08)x10° | (7.6 = 0.7)x10°

CTAB | 0.950 | (8.04+0.05)x10° | (3.8+0.6)x10°
SDS 0.8 | (1.24+0.01)x107 | (6.5+0.9)x10°

The ratios of the observed rate constant corresponding to the plateau and the second-order rate con-
stant in water, Apaea/kw , are 1.17, 1.28, 1.69, and 2.00 for Brij-35, CTAB, DMDAPS, and SDS, re-
spectively for BG and 1.30, 1.56, 1.87, and 2.11 for Brij-35, CTAB, DMDAPS, and SDS, respectively
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for MG [7]. Based on the data presented in Table 1, a conclusion can be made that the observed
change of the rate constant is a consequence of (i) the dyes concentrating in the micellar pseudophase,
(i1) an almost equivalent water concentration in the bulk phase and micellar pseudophase, (iii) a weak
increase in the rate constant of reaction in micellar medium as compared with water.

An analogy should be drawn with the difference between kpjaeean/kw and kn/ky, values for the Dye+ +
HO' interaction, where kpyjacan/kw = 1.33, 1.42, and 14.69, and kn/ky, = 1.33, 1.52, and 2.10 in the micel-
lar solutions of DMDAPS, Brij-35, and CTAB, respectively [2]. Hence the values of kpaea/kw and
ku/ky are substantially differ only for CTAB system due to the enhanced concentration of the HO™ ions
on the surface of cationic micelles (see equation (2)), which was confirmed by the high value of the
distribution coefficient of HO™ in this system.

However, in the absence of concentrating of a nucleophile the k,/k, values are quite close to
kplatean/kw viz. the high Py, value does not have the same strong accelerating effect to the nucleophile
concentrating. This can be explained by estimating the ratio between the amount of dye and surfactant
monomer in 1 liter of micellar pseudophase, for example, for BG and CTAB. The dye concentration in
the micellar phase is Py % [Dye]; = Pg.x1- 10° = 0.038 M. The surfactant concentration per 1 L of the
micellar phase estimates based on the surfactant molar volume is 3.18 mol. For one dye in the micellar
phase, there are 84 surfactant molecules, which is commensurate with the micelles aggregation num-
ber. That is, despite the dye concentrating in the micellar pseudophase, there is 1 dye per 1 micelle.
High [Dye],/[Dye],, value at working dye concentration determines only that at a certain micelles
concentration the reaction in the micellar pseudophase is the rate-determining step (see equation (1)).

The obtained P, values agree with the theoretical ideas about dyes binding degree according to
hydrophobic interactions. The values of the distribution coefficient of the cationic triphenylmethine
dyes obtained by equation (3) can be placed in the following order: Ppg(10300) > Pys(2100) >
Procnyi violet (870 [2]) for the Brij-35 micellar system, i.e. in the absence of electrostatic interactions
between the dye and the micelles. This order correlates, R* = 0.996, with decreasing order of log of
octanol-water partition coefficient of dyes, logP: 2.3 [18] (2.77) for BG > 0.62 [19] (0.80) for
MG > 0.5 [20] (0.43) for methyl violet (in brackets the logP value calculated in the program KowWin
(Syracuse Research Corporation)). This shows that the Py, values obtained by Berezin’s model corre-
spond to the fact that less hydrophilic dyes have a greater affinity to the weakly polar micellar pseudo-
phase. The absence of a correlation between the P, value and the micelles surface potential indicates
that BG and MG binding is rather due to hydrophobic interactions than electrostatic interactions.
Probably, such predominance of hydrophobic interactions is expressed for weakly hydrophilic sub-
strates.

The obtained £, values (Table 1) are higher than the 4, value. Considering that for the reaction of
an ion with a neutral molecule, the influence of the primary salt effect due to the high ionic strength of
ionic micelles may be absent. Such a result can be explained by the low polarity of the micellar me-
dium according to Amis’s equation (4) and the Hughes-Ingold rules [21-23]. However, some effect of
the difference in the hydrogen cation concentration in the aqueous and micellar phases is also not ex-
cluded, as these reactions are pH-dependent in an acidic environment, but this effect should not be
significant (in acidic surfactant-free system dlgk/dpH equals 0.46 for MG™ + H,O reaction and 0.6 for
BG" + H,O0 reaction [24]).

Using the obtained k., values, the values of the effective relative dielectric constant, &/ (Table 2)

were calculated by Amis’s equation (4). Taking the approach distance for the two particles to react,
ap, is equal to 2 A based on the values of the sum of the van der Waals radii of carbon and oxygen
equals 3.1 A [25], i bond length C—O equals 1.4 A [26],

Ink=Ink,, + ! ZAe'UBZ : 4)
ameg\ kpTeryp

Here £, is the rate constant in a medium with relative permittivity of infinite magnitude; w3 is the di-
pole moment of the reacting molecule; z; is the reacting ion charge; e is the elementary charge; 7; is the
ion radius; kj is the Boltzmann constant; g, is the vacuum permittivity; ¢, is the relative dielectric con-
stant of the solvent.
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Table 2. The effective relative dielectric constant of the Brij-35, DMDAPS, SDS, and CTAB micellar microen-
vironment of the reagents

&
The reagents - "
Brij-35 DMDAPS SDS CTAB
MG" and H,O 56 41 37 47
BG" and H,O 63 43 39 57

The 7 value shows what the relative dielectric constant value of the solvent is equivalent to the

micellar microenvironment as an indicator of the medium polarity. The Stern layer of ionic micelles
and the surface layer of non-ionic micelles are probably the dye cation location in the micellar pseudo-
phase and the obtained ¢ values belong to the dye microenvironment in them. These values differ

from the corresponding values estimated using other probes [27]. For example, in the paper [28] using
E1(30) molecule, the values of ¢# =28 for CTAB and ¢#' =27 for Brij-35 were obtained. This may be

due to the slightly different microenvironment of the probes and the studied triphenylmethine dyes in
the Stern layer. Since, as shown in the paper [10], the decisive factor that determines the polarity of
the microenvironment is the water amount around the probe. The Stern layer is equally hydrated for
micelles of different charge types [10]. Dye cations, which are electrostatically attracted to the main
anionic groups of surfactants, are somewhat shielded from water; therefore, their microenvironment in
DMDAPS and SDS micelles is weakly polar. Also, the probe hydration will be determined by the
available substituents.

Conclusions

The application of Berezin’s model gives satisfactory results for describing the effect of nonionic,
anionic, cationic, and zwitterionic micelles in the case of interaction of the dyes with water as a nu-
cleophile:

i. shows a satisfactory correspondence between the experimental points and the points calculated by
Berezin’s model equation, which is characterized by a high R* value;

ii. the correlation between the obtained P, values by Berezin’s model equation and the dyes logP
values corresponds to the fact that the less hydrophilic substrates have a greater affinity to the
weakly polar micellar pseudophase.

iii. the obtained £, values by Berezin’s model equation correspond to the concept of the effect of
weakly polar micellar pseudophase according to the Hughes-Ingold rules.

However, the model has some problems in the case of the reaction involving hydroxide ions in
cationic micelles. Where for reliable calculations of the partition coefficient of HO™ ion by electro-
static approach it is necessary to take into account the change in the local concentration of the HO™
ions due to a compression of the double electric layer upon addition of reacting ions to the system.
Moreover, Berezin’s model, like the pseudophase ion-exchange model, does not take into account the
“diverting” effect of cationic head-groups owing to their electrostatic attraction of the HO™ ions [1-3].

According to Berezin’s model, the dependences of the observed rate constant of BG™ or MG" and
H,O reaction on the surfactants concentration can be explained by the following quantitative parame-
ters:

— «BG — Brij-35»: [BG],/[BG],, = 1.03x10", k,/k,, = 1.18;

— «BG — DMDAPS»: [BG],/[BG],, = 7.6x10%, k,/k,, =1.76;

— «BG — SDS»: [BG],/[BG],, = 7.8x10°, k,/k,, = 2.00;

—«BG — CTAB»: [BG],/[BG],, = 3.8x10°, ky/k,, = 1.29;

— «MG — Brij-35»: [MG],/[MG],, = 2.1x10°, k,/k,, = 1.32;

— «MG — DMDAPS»: [MG],/[MG],, = 7.2x10% k,/k, = 1.92;

— «MG — SDS»: [MG],/[MG],, = 4.1x10°, k,/k,, = 2.16;

—«MG — CTAB»: [MG],/[MG],, = 2.6x10°, k,/k,, = 1.58;

—based on the MD modeling data of the water volume fraction in the surface layer of micelles [10],
the water distribution coefficient is close to unity; P, ~0.6-0.9. The surface layer of micelles is suf-

ficiently hydrated regardless of the main surfactant groups charge [10];
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—the change in the observed rate constant due to (i) the distribution of reagents between the water
phase and the micellar pseudophase and (ii) a corresponding £,/k, value. Stern layer of ionic micelles
and surface layer of non-ionic micelles is usually the location of triphenylmethine dyes.

—the obtained k./k, > 1 can be explained by the lower polarity of the reagent location in the micel-
lar pseudophase than in the water following the Hughes-Ingold rules and Amis’s equation. The ob-
tained k, value corresponds to the microenvironment with the following values of relative dielectric
constant as an indicator of the medium polarity: 56-63, 41-43, 37-39, and 47-57 for Brij-35,
DMDAPS, SDS, and CTAB micelles, respectively. The weakly-polar microenvironment in DMDAPS
and SDS micelles is a consequence of the proximity of the dye cation to the negatively charged head
group, which makes them shielded from water.

— at working dye concentration equal to 1x10~ M, the high Py, corresponds to ~1 dye per 1 mi-
celle, does not have the strong increasing ks effect, and determines that at a certain micelles concen-
tration the reaction in the micellar pseudophase is the rate-determining step. The correlation between
the P, value and the logP,,. value and the uncorrelation between the P, value and the micelles sur-
face potential value indicated that BG and MG binding is predominantly due to hydrophobic interac-
tions than electrostatic interactions. However, the main surfactant groups charge affects the location
and microenvironment of the dye in nonionic, anionic, cationic, and zwitterionic micelles.
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IcHye psa mogenen, Lo KinbkicHo onucytoTe BNNue Miuen MNMAP Ha wBuakicTb peakuii. Cepen HUX HanyacTiwe
BMKOPUCTOBYIOTLCA Mogaeni: MMiwkesnya, bepesiHa i NceaodasHa ioHoobmiHHa (M10) BaHToHa Ta PomcTeaa.

Mogensb lMiwkeBuya 3acHoBaHa Ha NpeACcTaBlEHHI NpoLEecy MiLernoyTBOPEHHS BiAMOBIAHO OO 3aKOHY Aii Mac 3
YTBOPEHHAM KaTamniTUYHOI Miuenu, gka cknagaeTbest 3 Aekinbkox monekyn MAP i 6apBHuka. PaHilwe npoBefeHi
pO3paxyHKu 3a L€ MOAEMMI0 3 METOK MOSICHEHHS KIHETUYHOrO MiLensipHoro edekTy Ha peakuito KaTiOHHMX
TpudpeHinmeTnHoBMX 6apBHMKIB 3 BOAOK YEpProBuiA pa3 nokasanu OCHOBHI Hedoniku Liei mogeni.

Mogenb BepesiHa 3acHoBaHa Ha iHLWIiA Moaeni MiLenoyTBOPEHHs, a came ncesAodasHin mogeni, npu LboMy
3B'I3yBaHHA peareHTiB MiLenamu po3rnsgaeTbCsl sIK PO3MOAIN peyoBMHM Mix ABoma dasamu. Y Uik poboTi mu
CTaBUMO 3a MeTy PO3rnsHYTU 3aCTOCOBHICTbL Moaeni bepesiHa Ansa B3aemogii kaTioHHMX 6apBHUKIB ManaxiToBoro
3eneHoro i GpMNbAHTOBOrO 3€NEHOr0 3 BOAOK K HYKNEOoMinom y BOAHNX CUCTEMaX HEIOHHOI, aHIOHHOI, KaTiOHHOT
i uBiTepioHHoi MAP. Y uinomy mogenb BepesiHa HenoraHo cebe 3apekomeHAyBana paHile npu 3acToCcyBaHHi 40
onucy BMAMBY Millen Ha peakuito aHanoriyHnx 6apBHUKIB 3 rigpokcng ioHom. OgHak 6yno BMSBMEHO, WO LS MO-
Oenb He BPaxOBYE 3MiHY NOKamnbHOI KOHUeHTpauii HO™ ioHiB 3@ paxyHOK CTMCHEHHS! MOABINHOrO eneKkTPUYHOro
Lapy Npu JoAaBaHHi pearyroumnx ioHiB B CUCTEMY, @ TaKoX KOHCTaHTy acouiauii HO™ ioHiB 3 kaTiOHHMMMW ronoBHW-
mMu rpynamu MNAP. Y gaHomy Brnagky npuv BUKOPUCTaHHI BOAM B AKOCTi HYKMeodina nuTaHHA Npo CTyniHb 3B'A3Y-
BaHHSA Hykneodina Mmoxe 6yTu BUPILLEHE iHLLWM LUNSXOM.

Mogenb MIO Takox 3acHoBaHa Ha nceeaodasHin Moaeni MiLlenoyTBOpeHHs, ane 3B'A3yBaHHS GapBHUKa Mile-
namu po3rnsifaeTbcs SK acouialisi B CTeEXiOMETPUYHOMY CniBBiAHOLWEHHI 1:1, @ KOHUEHTpaUia Hykneodina Bupa-
XaeTbCA Yepes nokanbHy KOHLUEHTPaLilo, BUXoAsa4M 3i CTyneHs HewTpanisauii miuen. 3 ornagy Ha oCTaHHE, ii He
MOXXHa 3acTocyBaTV A0 AOCHiOXYBaHUX CUCTEM.

KniouoBi cnoBa: mogenb bepesiHa, ManaxiToBuin 3eneHuin, 6punbsHTOBUIA 3eNeHni, MiLlenspHuii edpekT, no-
BEPXHEBO-aKTUBHA PeYOoBMHa.

A.H. Naryta. KonnyecTBeHHbI aHann3 MULENNSPHOTO BAMSIHWUSA Ha CKOPOCTb peakumMn KaTUOHHBLIX TpudeHun-
METUHOBbIX KpacuTenen ¢ Bogon no mogenu bepesnna.

XapbKOBCKMI HaUMOHanbHLIN yHuBepcuTeT umeHn B.H. KapasunHa, xumunyeckuii cdakynbteT, nn. Ceoboabl, 4,
XapbkoB, 61022, YkpanHa

CyllecTByeT psig NoaxoOoB, KONMMYECTBEHHO OMUCbIBaKOWMX BnusHuMe Mmuuenn MAB Ha CKOpOCTb peakuuu.
Cpeou Hux Haubornee yacTto mcnonb3yTca mogenu: MNMuwkesnya, bepeanHa n MNMceBpodasHas MOHHOOOMEHHas
(MNO) baHToHa n PomcTeaa.

Mogenb lMuwkeBuMYa ocHoBaHa Ha NpeacTaBneHUN npolecca MuLennoobpa3oBaHUsi B COOTBETCTBUN C 3aKO-
HOM [IeNCTBUSI Macc ¢ 06pa3oBaHNEM KaTanmuTUYECKON MULLENTIbI, KOTOPasi COCTOMT N3 HECKONbKMX Morekyn MNAB
n kpacuTensa. PaHee npoBefeHHble pacyeTbl Mo 3TOM MOAENM C LeNblo 0OBbSACHEHUS KNHETUYECKOTO MULIeNnsip-
HOro adpdpekTa Ha peakumo KaTUOHHBIX TPUMEHUNTMETUHOBBIX KpacuTernen ¢ BO4OW OYepedHOW pa3 nokasanu
OCHOBHbI€ HEJOCTaTKWN 3TOW MOAENMN.

Mogenb BepesvHa ocHoBaHa Ha Apyron mMogenu muuennoobpasoBaHusl, a MMEHHO nceBgodasHoOn mogenm,
npu 3TOM CBSA3blBaHME peareHTOB MULIeNnnamMy paccMaTpuBaeTCs Kak pacnpefeneHne BeLecTBa Mexay ABYMS
haszamun. B HacToswen paboTe Mbl CTaBUM Lieflb pacCMOTPETb NPUMEHNMOCTL Mogdenn bepesunHa k B3aumoaen-
CTBMIO KaTMOHHbBIX Kpacutenewn mManaxuToBoro 3enéHoro 1 6punnnaHToBoro 3enéHoro ¢ BOAOW Kak Hykrneodunom
B BOAHbIX CUCTEMAX HEMOHOrEHHOrO, aHUMOHHOTO, KATUOHHOIO U LUBUTTEPUOHHOTO MAB. B uenom mogens Bepesu-
Ha Hennoxo cebs 3apekomMeHaoOBana paHee npu NPUMEHEHUN K ONUCAHUIO BIIMAHUS MULENI Ha peakumio aHano-
MYHbIX KpacuTenewm ¢ rmgpokcma MoHom. OgHako ObiNo BbISIBMEHO, YTO 3Ta MOAENb HE YYUTbIBAET M3MEHEHMe
rniokanbHOM koHueHTpauum HO™ MOHOB M3-3a CxaTusi OBOMHOMO 3MEKTPUYECKOro criosi npu gobaenennn pearu-
PYIOLLMX MOHOB B CUCTEMY, @ Tarke KOHCTaHTy accoumaumm HO™ MOHOB C KQTMOHHBLIMU FOJSIOBHLIMU Fpynnamm
MAB. B paHHOM cnyyae npu MCMofb30BaHUWM BOAbl B Ka4ecTBe Hykreoduna, BONPOC O CTENEHW CBSA3bIBAHUS
Hykreoduna MoxeT ObITb PELUEH NHBIM NYTEM.

Mogenb MUO Takke ocHoBaHa Ha NceBAOda3HON Mogeny MULENooOpa3oBaHnsi, HO CBSA3bIBAHWE KpacuTens
MULIENMamMn paccMaTpuBaEeTCs Kak accoumaums B CTEXMOMETPUYECKOM COOTHOLLEHUM 1:1, @ KOHLEHTpauusi Hyk-
neodguna BblpaxaeTcs Yepes3 NoKanbHYH KOHLEHTPaLMIo, NCXoasa U3 CTeNeHn HenTpanuaumm Muuenn. YumTbl-
Bas nocnegHee, ee Hemnb3s NPUMMEHUTb K UCCneayemMbiM cucTemam.

KnioueBble cnoBa: moaenb bepesnHa, ManaxuToBbii 3eneHbld, OpUNIMaAHTOBLIA 3eNneHbIA, MULENISIPHbIA
3¢ eKT, NOBEPXHOCTHO-aKTUBHOE BELLIECTBO.
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