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Abstract—The effect of nicotinic acid on critical micelle concentration (CMC) and viscosity of sodium
dodecyl sulfate, cetylpyridinium bromide, and hexadecyl poly[oxyethylene(20)] alcohol solutions is studied.
The values of CMC and micelle ionization degree are obtained. The thermodynamic parameters of micelli-
zation are determined. The values of Jones—Dole coefficients are determined based on the results of viscosity

measurements.
DOI: 10.1134/S1061933X15040031

INTRODUCTION

Enzymes catalyze a variety of reactions in bioflu-
ids, in cell metabolism. For catalyzing oxidation-
reduction reactions and many types of group transfer
processes, enzymes require a cofactor, which may be a
metal ion or organic molecule (coenzyme). Vitamins
and essential microelements of food are precursors for
various coenzymes [1, 2]; they are required in almost
all metabolic pathways [3].

The study of the effect of nicotinic acid on the
properties of surfactants is of great importance
because they can play the role of models for biological
systems. In this paper, results of micellization and vis-
cous flow studies of aqueous solutions of surfactants in
the presence of nicotinic acid are reported.

EXPERIMENTAL
Materials

Anionic  surfactant  sodium  dodecylsulfate
(C,H,sSO,Na) (Sigma-Aldrich, >99.0%), cationic
surfactant cetylpyridinium bromide (C,,H;;NBr) (Ald-
rich, 98.0%), nonionic surfactant polyoxyethylene (20)
cetyl ether (OS 20, C,H;;0(C,H,0),,H)) (VEB-
Leuna, >99.0%), and nicotinic acid (NicA) (vitamin PP,
vitamin B;) (Aldrich, >99.0%) were used as received. All
the samples were prepared by directly mixing the appro-
priate amounts of both components using twice-distilled
water.

Methods

A Jenway 4330 conductivity/pH meter was used for
conductivity measurements at different temperatures.

! The article was translated by the authors.

The samples were thermostated for no less than 10 min
and the temperature was controlled within £0.05 K.
The mean square error was no more than 2%. The crit-
ical micelle concentration (CMC) was found as the
inflection point on the plots of conductivity versus the
overall concentration of ionic surfactants.

Surface tension of solutions y was determined using
the method of maximum bubble pressure on a SITA
Science Line t60 instrument (SITA Messtechnik
GmbH, Germany). The samples were thermostated
for at least 10 min and the temperature was controlled
within £0.05 K. The mean square error was no more
than 2%. The CMC was determined as the inflection
point in the plots of surface tension against the loga-
rithmic concentration of the surfactant.

From the temperature dependence of the CMC,
the thermodynamic parameters of micellization were
obtained for surfactant—NicA—water solutions: the

free energy of micellization AG;, the enthalpy of
micellization AH ::1, and the entropy of micellization
AS;.

The free energy of micellization AG;, was calcu-
lated by the following relationships [4, 5]:

for ionic surfactant

AG; = (2 - B)RTlnXCMCa (1)

and for nonionic surfactant

AG, = RT Inycyc, )

where R is the gas constant and 7'is absolute tempera-
ture, Xcmc is the molar fraction of the surfactant at
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the CMC, and B is the degree of ionization of the
micelle.

The enthalpy of micellization AH ;, was determined
as follows [4, 5]:

for ionic surfactant

AHJ = —RT*(2-B) (_a lnXCMC) : (3)
oT »
and for nonionic surfactant
AH; = —RTZ(—aln XCMC) : (4)
oT n

The entropy of micellization AS::1 was calculated
from the equation [4, 5]:

ASS = AH, —AG, ; AGy (5)

The degree of ionization of ionic surfactants 3 for
the surfactant—NicA—water system was obtained by
Fraham’s method [6] using the following equation:

B = SZ/Sla (6)

where §, and S, are the slopes above and below the
CMC in the conductivity—concentration plots,
respectively.

The efflux times of solutions and solvents were mea-
sured using an Ubbelohde-type viscometer. The sam-
ples were also thermostated for no less than 10 min, and
the temperature was controlled within £0.05 K. Rela-
tive viscosities 1, were calculated as the ratio of efflux

times of solution #,_; and solvent :

nr = tS—S/tS * (7)
The mean square error for viscosity measurements was
no more than 2%.

The viscosity data were analyzed using the Jones—
Dole equation [7]:

M= =1+4c" + Be, (8)
Mo
(n/n, ~1) i D_ g+ Be”, ©)
4

where 1 , is the relative viscosity of the solution; n and
M, are the viscosities of the solution and the solvent,
respectively; and 4 and B are the Falkenhagen [8] and
Jones—Dole [7] coefficients, respectively.

RESULTS AND DISCUSSION

Effect of NicA on Micellization
of Surfactants in Aqueous Solutions

The isotherms of conductivity and surface tension
at different temperatures are analogous; therefore,
isotherms at only 303.15 K are given in Figs. 1 and 2.
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Fig. 1. Plots of conductivity of (a) SDS and (b) CPBr solu-
tions vs. surfactant concentration at 303.15 K and at differ-
ent concentrations of NicA: (/) 0, (2) 1072, (3)2x 1072,
@3x 1072, (5 4x 1072, (6) 5x 1072, (7) 7 x 1072, and
(8) 8% 102 mol L.

The experimentally determined values of CMC of
SDS, CPBr, and OS 20 in aqueous solutions in the
absence and presence of NicA are given in Table 1. The
experimentally determined CMC of studied surfac-
tants in pure water at 303.15 K are in good agreement
with the published values [9—11].

From the data presented in Table 1, it follows that
the values of CMC were increased with temperature at
the constant concentration of NicA. The effect of
temperature on CMC of surfactant in aqueous solu-
tions both in the absence and presence of an additive is
usually analyzed in terms of two opposing factors.
First, as the temperature increases, the degree of
hydration of the hydrophillic groups decreases, which
favors micellization; however, an increase in tempera-
ture also causes disruption of the water structure sur-
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Fig. 2. Plots of surface tension of OS 20 solutions vs. sur-
factant concentration at 303.15 K and at different con-
centrations of NicA: (/) 0, (2) 102, 3)2x 1072, (4) 3 %
1072, (5) 4% 1072, (6) 5x 1072,(7) 7x 1072, and (8) 8 x
102 mol L™1.

rounding the hydrophobic groups, which is unfavor-
able for micellization [12—14]. From the data in Table
1, it seems that this second effect is predominant.

From the data presented in Table 1, it also follows
that the values of CMC of ionic SDS and CPBr
increased with increase of NicA concentration. Thus,
NicA acts as a structure-breaking solute in aqueous
solutions of ionic surfactants. In micellar solutions,
structure-breaking solutes are known to lower the
hydrophobic effect, which is considered to be the driv-
ing force of micellization [13—16]. At the same time,
the CMC values of OS 20 are decreased in the pres-
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ence of NicA (Table 1). The CMC lowering of the
OS 20 by addition of NicA may be a result of solubili-
zation of NicA in the micelle [17—19].

Thus, from the data presented in Table 1, it can be
concluded that the behavior of CMC upon increase of
NicA concentration depends on type of surfactant.

The values of degree of ionization of SDS and
CPBr micelles in the absence and presence of NicA
are given in Table 2. The experimentally determined
values of 3 of the SDS and CPBr micelles in aqueous
solutions in the absence of NicA at 303.15 K are in
good agreement with published data [16, 20].

The obtained data on thermodynamic parameters
of micellization for the SDS—NicA—water, CPBr—
NicA—water, and OS 20—NicA—water systems
according to Egs. (1)—(5) show the following. Free

energy of micellization AGS‘ is negative for all studied
systems and becomes less negative with an increase in
the concentration of NicA for the SDS—NicA—water
and CPBr—NicA—water systems. This means that, in
these systems, micellization becomes more difficult
with increasing NicA concentration. The opposite
behavior is detected for the OS 20—NicA—water sys-

tem. The values of AG,, increase with temperature for
the systems studied, indicating that an increase of
temperature favors micellization [21]. Negative values

of AH :1 indicate that aggregation of NicA and surfac-
tants is an exothermic processes.

The values of AH, are more exothermic at high
concentrations of NicA. This suggests that, at high
concentrations, NicA solubilized in studied surfactant
solutions is located near the outer surface of a micelle

[19]. AS::1 values are positive for all studied systems
and show a decreasing trend with the increase of NicA
concentration. The positive entropy change indicates

Table 1. Values of CMC of SDS, CPBr, and OS 20 in aqueous solutions in the absence and presence of NicA at different

temperatures
SDS CPBr 0OS 20

T, K 298.15 | 303.15 | 308.15 | 313.15 | 298.15 | 303.15 | 308.15 | 313.15 | 298.15 | 303.15 | 308.15 | 313.15

NicA] x 102,
[NicAl h Centex 103, mol/L

0 7.9 8.2 8.5 8.7 0.75 0.78 0.81 0.84 0.188 | 0.200 | 0.225 | 0.254

1 8.2 8.3 8.8 9.0 0.77 0.81 0.83 0.86 0.174 | 0.191 | 0.218 | 0.241

2 8.5 8.6 9.0 9.4 0.80 0.84 0.87 0.90 0.156 | 0.179 | 0.200 | 0.228

3 8.8 9.2 9.4 9.9 0.85 0.88 0.93 0.96 0.141 | 0.158 | 0.187 | 0.210

4 9.2 9.5 9.9 10.4 0.89 0.93 0.97 1.02 0.122 | 0.131 0.154 | 0.192

5 9.7 10.1 10.4 10.8 0.94 0.98 1.07 1.07 0.108 | 0.114 | 0.141 | 0.179

7 10.2 10.7 11.0 11.5 1.03 1.05 1.09 1.13 0.087 | 0.099 | 0.133 | 0.160

8 10.6 11.2 11.2 12.2 1.08 1.08 1.15 1.15 0.070 | 0.082 | 0.121 0.148
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Table 2. Degree of ionization B of SDS and CPBr micelles in aqueous solutions in the absence and presence of NicA
at different temperatures

Surfactant SDS CPBr
T,K 298.15 303.15 308.15 313.15 298.15 303.15 308.15 313.15
[NicA] x 102, 8
mol/L
0 0.27 0.30 0.32 0.35 0.33 0.32 0.28 0.25
1 0.32 0.34 0.35 0.36 0.34 0.33 0.29 0.26
2 0.37 0.39 0.40 0.41 0.36 0.34 0.32 0.28
3 0.42 0.43 0.44 0.45 0.39 0.37 0.35 0.31
4 0.47 0.45 0.46 0.47 0.43 0.40 0.38 0.35
5 0.53 0.49 0.50 0.51 0.57 0.43 0.41 0.39
7 0.58 0.55 0.56 0.57 0.51 0.46 0.44 0.43
8 0.63 0.59 0.60 0.61 0.55 0.49 0.47 0.45

that, in the systems studied, entropy dominates upon
the micellization process. This observation may be
explained by the reorganization of water molecules
due to the interaction of NicA with micelles.

Effect of NicA on Viscous Flow
of Aqueous Solutions of Surfactants

Electrolytes that are dissolved in water affect its vis-
cosity. The viscosity of solution increases or decreases,
depending on the type of ions, mainly on their size,
and charge. In most cases, the viscosity of dilute solu-
tions of electrolytes increases with an increase in their
concentration. However, this dependence is nonlinear.
The effect, which leads to a linear increase or decrease
in the viscosity, depending on type of dissolved ions,
occurs only in a certain, but not sharply limited, range
of concentrations.

It is known [7, 22] that the B coefficient in Eq. (8)
represents solute—solvent interactions and depends on
various factors—the shape of dissolved ions, orienta-
tion of solvent molecules, and structure changes of
solvent.

In the systems studied, the sign of the B coefficient
can be either positive or negative, depending on the ori-
entation of solvent molecules around the surfactant
molecules/micelles and the solvent’s structure-break-
ing effects. If the decrease of viscosity due to the struc-
ture-breaking effect is dominant over the increase of
viscosity arising from the orientation effect of solvent
molecules, the B coefficient will be negative. The stud-
ies showed that, with the addition of NicA, the
B coefficients remain in most cases positive both for
premicellar and postmicellar regions for studied surfac-
tants. Only in the case of CPBr, at relatively small con-
centrations of NicA and especially at low temperatures,
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the sign of the B coefficient is negative. It was shown in
[23, 24] that, at very small concentrations of NicA (0—
1 x 1072 mol L7!) and at different temperatures, the
sign of the B coefficient is negative for both the premi-
cellar and postmicellar regions for the CPBr—NicA—
water system due to solvent’s structure breaking. Thus,
it can be concluded that NicA acts as a structure breaker
at small concentrations in aqueous solutions of CPBr.
However, with an increase of concentration of NicA
and temperature, the orientation effect of solvent mol-
ecules the dominant, which may be a result of solubili-
zation of NicA in micelles, and the B coefficient takes
positive values.
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