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COMPOSITION OF THE SODIUM DODECYLSULFATE — 1-PENTANOL MIXED
MICELLES AS DETERMINED USING ACID-BASE INDICATORS

A.Yu. Kharchenko

The composition of mixed surfactant—alcohol micelles is governed by the parameters of alcohol partition
between the aqueous and micellar phases. In this paper, the indicator method of determination of
1-pentanol molar fraction in the mixed sodium n-dodecylsulfate — 1-pentanol micelles and the partition con-
stant of the alcohol is reported. This method relies on the determination of the apparent ionization constants,

K:pp, of acid-base indicators. The electrical surface potential ¥ is equal to —-58 mV and —39 mV for entire
and mixed micelles, respectively, as evaluated using pK:"p values of the indicator

N,N*-di-n-octadecylrhodamine. In terms of the slope of the dependence of pK ™ vs. log[Na] ] for the in-
dicator neutral red, the degree of counter-ion binding in entire surfactant micelles, f, equals 0.71  0.02,
whereas the corresponding value at 0.20 M 1-pentanol is substantially lower, g’ =0.52 £ 0.03. The /S, B,

and V¥ values allow estimating the molar fraction of 1-pentanol in the mixed micelles using the Ohshima—
Healy—White equation. Finally, the partition constant of the 1-pentanol between the aqueous phase and mi-
celles is determined as K = 10.3 M and 15.4 M™" in terms of the spherical and cylindrical model of mixed
micelles, respectively. These values are accorded with the corresponding data obtained by other methods.

Keywords: acid-base indicators, sodium n-dodecylsulfate micelles, 1-pentanol, electrical surface poten-
tial, degree of counter-ion binding, alcohol molar fraction, partition constant.

Introduction

The mixed sodium n-dodecylsulfate (SDS) — alcohol micelles were an object of numerous studies
for a long time. In particular, the properties of SDS—1-pentanol micelles have been examined since
1-pentanol is a typical co-surfactant used for preparation of the microemulsion systems [1-3]. Namely
it is important to know the aggregation number of SDS in mixed micelles, the molar fraction of alco-
hol, the micelles size [4,5], and the cmc values [6]. Also, the distribution of 1-pentanol as well as other
aliphatic alcohols between aqueous and micellar phase has been studied by different methods, particu-
larly via the vapor pressure of the alcohols in aqueous solutions as determined using the gas chroma-
tographic technique [7-9], by determination of alcohols solubility using measurements of the density
or turbidity [10], by estimation of the self-diffusion coefficients [11], and by the calorimetric data [12].
Recently, we have proposed a method of calculation of the partition constant [13,14]. This method is
based on the experimental values of the electrical surface potential ¥ of micelles and the degree of
counter-ion binding by micelle surface, £ . The method was tested using the system of cetyltrimethyl-
ammonium bromide—1-butanol [13] and SDS—1-butanol [14]. The aim of present study is to apply the
same approach to the determination of the composition of mixed SDS—1-pentanol micelles. In addi-
tion, a brief review of the literature data on the SDS—1-pentanol mixed micelles is presented.

The experimental values of ¥ and £ are obtained by the indicator method. This method consists

in the inclusion of small acid-base indicator molecules in individual surfactant micelles and mixed
micelles by solubilization and the determination of acid strength of indicator in micellar microenvi-
ronment. In the case of colloidal solution, the acid strength may be expressed as the apparent ioniza-

tion constant, K™ . The dependences pK ™ values on different parameters of micellar solution allow
determining the electrical surface potential and the degree of counter-ion binding.

The characterization of the mixed SDS—1-pentanol micelles: State of art

For a start, let us consider the properties of entire SDS micelles in water. The value of the degree of
counter-ions binding, £, is 0.63-0.79 [6,15,16], the aggregation number is 60—69 [15-19], the critical
micelle concentration value, cme, is 8x10° M [15,18-20]. The solubilities of 1-pentanol and
1-butanol in water at 25 °C are 0.30 and 1.05 M, respectively [21]. 1-Pentanol is more hydrophobic
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alcohol than 1-butanol and is solubilized in both palisade layer and hydrocarbon core of ionic micelles,
especially near the solubility limit [22]. Nevertheless, according to the 'H NMR studies of solutions
containing mixed SDS—1-pentanol micelles, the alcohol molecules are solubilized close to the head
groups of the micelle [23]. The cmc value of SDS monotonously decreases on addition of 1-pentanol.
The cmc values of SDS in the presence of CsH;;OH are gathered in Table 1. For instance, cmc =
1.6x 107 at 0.20 M 1-pentanol [24]. The size (radius) of mixed SDS—1-pentanol micelles at 0.02 M
SDS and 0.20 M 1-pentanol is 1.7 nm [4,5,25] as determined using the fluorescence quenching tech-
nique. For individual SDS micelles radius is 1.8 nm [4,5,25]. Forland et al. [22] measured the minor
and major radius of mixed micelles as 1.46 nm and 55.4, respectively, by small-angle neutron scatter-
ing (SANS) method (c(SDS) = 0.04 mol kg ', ¢(1-pentanol) = 0.16 mol kg ', I = 0.40 mol kg ). It
follows that SDS—1-pentanol micelles are ellipsoids or rods. Moreover, the major to minor ratio is
constant (~10) from 0.06 to 0.13 mol kg ™' and begins to grow at 0.16 mol kg ', i.e. around the solubil-
ity limit of 1-pentanol in water. The § value of the mixed micelles, designated as f3', decreases as

compared with the £ value in pure SDS, down to 0.53 at 0.139 M 1-pentanol [6] or 0.47 at 0.1 M 1-
pentanol [26]. In 0.02-0.03 M SDS solutions and 1-pentanol concentration ¢(ROH) =0.20 M, the
aggregation number of SDS molecules and the number of 1-pentanol molecules in the SDS—1-
pentanol micelles are upon average 30 and 63, respectively [4,5,25]. The surface concentration of the
surfactant head groups equals 0.810 per nm? (0.02 M SDS; 0.1895 M 1-pentanol), according to Varela
et al.[5]. Hence, the surface area per head group in mixed micelles, g, is 1.235 nm”. For pure SDS
micelles, the surface area per head group was found to be equal to 0.591 nm? [4] or 0.628 nm” [27].

Experimental section

Materials. SDS was used as received from Vekton (Russia). The stock solution of the dye neutral
red was prepared from the commercial solid sample without further purification.
N,N'-di-n-octadecylrhodamine was put to our disposal by Dr. V. I. Alekseeva (Research Institute of
Organic Intermediates and Dyes, Moscow, Russia). Hydrochloric, acetic, and phosphoric acids, borax,
sodium carbonate and bicarbonate, and sodium chloride used for preparation of working solutions
were of analytical grade. The NaOH aqueous solution was prepared by diluting the saturated stock
solution with CO,-free water and kept protected from the atmosphere. The pH values of the solutions
were adjusted using HCl for pH < 4, or buffer solutions: acetate (pH 3.7 —5.4), phosphate
(pH 5.8-8.0), borate (pH 8.0-10.0), and carbonate (sodium carbonate and bicarbonate,
pH 8.8 —10.0). The pH values around 11 — 12 were adjusted by diluted sodium hydroxide. The total
ionic strength of the bulk (aqueous) phase was maintained by appropriate NaCl additions. 1-Pentanol
was purified by the standard procedure via rectification.

Methods. The dyes N,N'-di-n-octadecylrhodamine and neutral red were dissolved directly in SDS
solutions, which were filtrated and then diluted before spectroscopic studies. The initial SDS concen-
tration was 0.20 or 0.40 M. In all spectroscopic experiments, the concentrations of SDS and 1-
pentanol were 0.02 and 0.20 M, respectively; the dye concentrations were of about 1 x 10> M. Absorp-
tion spectra were measured at 25°C with Hitachi U-2000 spectrophotometer against pure water as
solvent blank. 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 reference electrode. The cell was calibrated with
standard buffer solutions: pH 9.18, 6.86, 4.01, and 1.68 at 25°C.

The apparent ionization constant of an indicator was calculated as [25,30,31]:

H.B* A, — A
pK™ =pH, +logu = pH, +log—2——. (1)

[H,B"'], A- A,

The acid-base couple HiBZ/Hi_lBZ*1 is expected to be located within the micellar microenvi-
ronment whereas the pH,, value is the pH value of continuous (aqueous) phase. The suffix ¢

(total) denotes that the concentration is expressed in moles per dm’ of the whole solution. The
ratio of the equilibrium concentrations, [H;B*]/[H;..B“'];, was determined by using the spec-



Table 1. The micellization parameters and structure of mixed SDS—1-pentanol micelles reported in the literature.

111 ' Nl—butanol cme, )
Ref. Conditions Methods S Nager 7, nm a, nm
(xrom) mM
4] ¢ (SDS)=0.0336 M, c(ROH) = 0.1846 M ; ;fjiyscsetﬁi - 33.3; | 62.3 (0.65); 1.73; B 1.129;
¢ (SDS)=0.0332 M, ¢(ROH) = 0.227 M. quenching 26.9 | 63.1(0.70) 1.67 1.303
[25] ¢ (SDS)=0.02 M, ¢(ROH) =0.2 M; fluorescence o 27; 52 (0.66); 1.63; o o
¢ (SDS)=0.05 M, ¢(ROH) = 0.22 M, /= 0.1 M. quenching 49 | 66(0.57) 1.89
¢(SDS)=0 + 0.1 M . 0.55
[16] the SDS/1-pentanol mole ratio of 1 conductivity (0.72 — pure SDS) - B B
¢ (SDS)=0.02 M fluorescence o ) 73 (0.70); ) o 1.235;
[>] ¢(ROH) = 0.1895 M; 0.2714 M. quenching 35301169 (0.77) 1.76;1.86 1.429
¢ (SDS)=0.2 M 37.1
[28] N(ROH) = 1.92 % v/v (0.178 M) SANS - 62.1 (0.37) B B B
¢(SDS) = 0.04 mol kg ' 1.46 (minor),
(2211 (ROH) = 0.16 mol ke, 7= 0.40 mol ke'' SANS — — — 55.4 (major) |
(6] ¢ (SDS)=0.03-0.1 M stentiomet 0.69 ; B B B 6.5
¢(ROH) =0.046 M ; 0.139 M (1.5 % v/v). P Y 0.53 2.1
[24] ¢(ROH)=0.20 M calculated — — — — 1.6 —
membrane
¢(SDS) = 0.02 M (8) ; 0.47
[26] «(ROH) = 0.1 M potential (0.68 — pure SDS) 3.0
measurement
positron
c(SDS)=0.2 M annihilation
(291 ¢(ROH) = 0.2 M, lifetime - 40 1.46

spectroscopy
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trophotometric method. The pH,, values were maintained by buffer solutions and determined using a
glass electrode in the aforementioned cell with liquid junction. It should be noted, that the complete
binding of dyes to micelles is ensured by the hydrophobicity of indicator molecules and by the positive
charge of their protonated forms [14]. It is important for the calculation of electrical surface potential
and the degree of counter-ion binding. The protolytic equilibria of these dyes are represented in
Scheme 1-2.

N CH N CH
[ 3 _Ht [ 3
H4;C | H4C |
I +_ = 3N =
N N NH5 N N NH,

/ | /
H4C H HsC

Scheme 1. The protolytic equilibrium of neutral red.

H37C1gHN O NHCgH37 H37C4gHN o] NHC;gHs7
y _H S8®
O COOH O coo

Scheme 2. The ionization of N,N’-di-n-octadecylrhodamine.

Determination of the ¥ value. The ¥ value for mixed 1-pentanol-containing micelles was de-
termined by the indicator method using N, N'-di-n-octadecylrhodamine as the most suitable probe, as
noted earlier [13,32,33]. Using this indicator is reasonable because it contains two n-octadecyl tails,
which fixed the carboxyl group of indicator in the surface layer of micelles regardless of its charge
character. Consequently, in this case one can compared the obtained values of W for different systems
due to the absence of error at the expense of various locations of indicators in different micelle types.

To calculate the pK ;™ s the linear combinations of absorbances at different wavelengths were used as
described earlier [32]. The absorption spectra and the dependence of the linear combination of absorb-
ances vs. pH at 0.02 M SDS and 0.20 M 1-pentanol are represented in Figure 1. The pK:*" values of

N,N-di-n-octadecylrthodamine in pure SDS micelles and mixed SDS—I-pentanol-1 micelles are
5.2140.09 [32] and 4.89+0.03, respectively.

0.1-
0.0
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-0.3:
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Figure 1. The absorption spectra of N,N'-di-n-octadecylrhodamine at 0.02 M SDS and 0.20 M
1-pentanol; I,,;=0.05 M; pH=2.2 (1), 4.21 (2), 4.52 (3), 4.80 (4), 5.27 (5), 6.48 (6), 7.4 (7); HB"
species: Amax = 529 nm, pH = 2.2 (1); B* species: Ama = 526 nm, pH = 7.4 (7). (left)
The dependences of the linear combination of absorbances (1.00 cm optical path cell) vs. pH for
N,N'-di-n-octadecylrhodamine at 0.02 M SDS and I;,; = 0.05 M (NaCl); AA = A (535 nm) + A (540
nm) + A (545 nm) — A (510 nm) — A (515 nm) — A (520 nm); 0.20 M 1-pentanol. (right)
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The pK.™ value of the acid-base couple, which is completely bound to micelles, may be repre-
sented by the Hartley — Mukerjee — Funasaki — Fromherz (HMFF) equation [30]:

PK = pK! + log 2 — — 0 —pgi T )
Vym 2.30RT 2.30RT

Here R is the gas constant, 7 is the absolute temperature, and F is the Faraday constant. The K ; pa-

rameter is the so-called intrinsic ionization constant [19,30,34]. The value of pK ; =4.23 [30,32] was

used in the calculations via Eq. (2). The ¥ value of —58.0 mV was found earlier for individual SDS
micelles at 0.01 M SDS and total ionic strength /i,y = 0.053 M [32]. As regards SDS—1-pentanol sys-
tem, we have found surface electrical potential as —39.0 mV at /i, = 0.060 M by method described
above. Hartland et al. [25] have reported that the surface potential equals —52+5 mV for mixed
1-pentanol-containing SDS micelles (¢(SDS)=0.02 M, c(1-pentanol) =0.20 M, /=10.003 M) and
=30+£5 mV (¢(SDS) = 0.05 M, ¢(1-pentanol) = 0.22 M, /= 0.103 M).

For mixed micelles system the ionic strength is calculated according to Eq. (3) keeping in mind the
dissociation of counter-ions:

Itotal = Isalt +cme + (1 - ﬂ) : (CSDS - CmC) (3)
Here I, is the ionic strength of salt background (buffer + NaCl) (= 0.05 M), cmc — the critical micelle
concentration, the § value is the degree of counter-ion binding (~0.50, see Table 1), csps — the analyti-
cal concentration of SDS (= 0.02 M). The cmc values are obtained using the dependence for the indi-
vidual SDS systems, Eq. (4) [35]:
log cme =-3.50-0.67-logc(Na"). 4)
Here, c(Na") stands for the analytical the concentration of the sodium ions in the buffer solution with-
out the contribution of the counter-ions of micelles. Then, for mixed micelles the obtained cmc value
should be multiplied by 0.25, because 1-pentanol addition decreases the cmc value approximately
fourfold (see Table 1).
Degree of the counter-ion binding, f=1-a, as determined using the indicator method. It is well
known that in the anionic micellar solutions, when the ionic strength increases, the shielding (screening) of the

interfacial charge causes the decrease of pK:*" value of cationic indicators. As indicator, we have chosen

neutral red since this one was found rather suitable for the investigation of mixed micelles. In particular, the
degree of counter-ion binding, f, for individual SDS micelles obtained by neutral red is similar to £ value
determined by electrometric measurements, so it is reasonable to investigation unknown systems [14].

The pK: ™ values are represented in Table 2. The ionic strength varied from 0.03 to 0.50 M for in-
dividual SDS micelles and from 0.02 to 0.35 M for mixed ones. In case the ionic strength exceeds
0.35 M, the 1-pentanol-containing micellar system becomes inhomogeneous. To determine the pK ;™"

values of the indicator neutral red in individual SDS micelles, the carbonate — hydrocarbonate buffer
was utilized for adjusting the pH. In the case of SDS—1-pentanol micelles, we normally used phos-
phate buffer. The absorption spectra of neutral red in individual SDS micelles system and mixed
SDS—1-pentanol micelles system are exemplified in Figure 2 at ionic strength 0.35 M.

Table 2. The pK™ values of the dye neutral red in SDS micellar
solutions without and with 1-pentanol.

0.02 M SDS 0.02 M SDS + 0.20 M 1-pentanol

Isalt, M I:Na;] pK:pp Isalt, M I:Na;] pK:pp
0.03 0.038 9.35+0.03 0.02 0.028 8.04 £0.04
0.05 0.054 9.21+0.01 0.05 0.055 7.89 +0.03
0.15 0.15 8.91 £0.05 0.1 0.11 7.74 £0.02
0.35 0.36 8.63 +£0.02 0.2 0.21 7.60 £0.01
0.50 0.50 8.53+0.03 0.35 0.36 7.46 +0.02
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Figure 2. Left: the absorption spectra of neutral red at 0.02 M SDS; I, = 0.35M; pH= 6.5 (1),
7.35 (2), 8.51 (3), 8.63 (4), 8.76 (5), 8.96 (6), 9.26 (7), 12.0 (8); HB" species: Ama = 542 nm,
pH = 6.5 (1); B species: Apax =456 nm, pH = 12.0 (8).
Right: the absorption spectra of neutral red at 0.02 M SDS and 0.20 M 1-pentanol; I = 0.35 M;
pH=4.0 (1), 6.80 (2), 7.17 (3), 7.48 (4), 7.52 (5), 7.55 (6), 8.02 (7), 12.0 (8); HB" species:
Amax = 540.5 nm, pH = 4.0 (1); B species: Ay = 454.5 nm, pH = 12.0 (8).

The derivative 0 (pK:™)/0 log[Na_ ] is considered to be equal to the degree of counter-ion bind-
ing, B, by the SDS micellar surface [13,30]. Here [Na| ] is the equilibrium concentration of the so-

dium ions in the bulk (aqueous) phase and includes the counter-ions resulting from the dissociation of
the micelles. To calculate the j value, the iterative method was used. At first, the dependence pK,™
vs. I was obtained. The slope of this line is the rough value of . Then, cmc values were found using
Eq. (4) for corresponding Na" concentrations. The [Na|, ] values were calculated by an equation simi-

lar to Eq. (3), but Iy, was replaced by ¢(Na"). Next, the linear dependence of pK:* vs. log[Na! ]
was used to refine the S values. The iteration was repeated twice. The final dependences of pK,™

values vs. log[Na] ] are shown in Figure 3.

950— app
_ pK =(8.3120.02)-
1 e ~(0.713+0.022) log [Na ]
9.254 " & n=5,r=0.9996
9.004
. I
55_“’ 8791 Pk **=(7.24+0.02)- Y
] : . =
-(0.5160.030) log [Na_] i
8.50 1 n=5, r=0.9987 £,
8.00] ‘z..
7.75] LT
7.50.] B T
16 -14 -12 -1.0 -08 -06 -04 -0.2
log [Na_]

Figure 3. The dependence of the pK ;"™ value of neutral red in entire SDS solutions (dashed line) and

in mixed solutions SDS + 1-pentanol (dotted line) on the logarithm of the Na" equilibrium concentra-
tion in the bulk (continuous) phase.
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The f value is equal to 0.713 =+ 0.022 for the entire SDS micelles, whereas £’ = 0.516 + 0.030 for
the mixed SDS—1-pentanol micelles. Our data are in a good agreement with the # and £’ values ob-
tained by different methods (Table 1). However, it should be kept in mind that using hexametoxy red
as indicator results in somewhat higher £ and lower S’ values. In this case, f = 0.84 + 0.02 for the

entire SDS micelles and 0.43 + 0.08 for the mixed SDS—1-pentanol micelles [36]. The questions about
indicator choice will be discussed some later.

Results and discussion

The micellar surface charge density and the alcohol fraction in the micellar interface. The calcu-
lation of the micellar surface charge density for the pure and mixed SDS micelles, ¢, and q;, respec-
tively, was processed by the formulae obtained by Ohshima, Healy, and White for spherical and cylin-

drical colloidal particles with radius  [37] as it was represented in our previous paper [13]. The » =2 nm
value [22,25,38] for both individual and mixed micelles has been used in the calculations since the radii

of mixed and individual SDS micelles are close [25]. The ¢, and q; values were computed using the

experimental ¥ values obtained by means of N,N-di-n-octadecylrhodamine. For the spherical shape,
the ¢, and q; values are 0.352 and 0.231 charges per nm” for SDS and SDS—1-pentanol micelles, respec-

tively, whereas for the cylindrical shape g, = 0.288 and q; = 0.189 charges per nm’. Then, as we have

determined earlier [14], the area of the anionic head group s_=0.815 and 0.996 nm* per charge for
spherical and ellipsoidal (cylindrical) model, respectively, using the above g, values for the pure SDS
micelles. It should be underline that here s_ is the area of the micellar surface per the head group of the
surfactant. In this case, s_is equal to the a values, reported in the literature and compiled in Table 1. The
calculations of s_ have been made for the £ value obtained by neutral red.

After that, one can calculate the fractions of the 1-pentanol following two methods. According to

first one, xrop 1S the function of q; and molecular areas, s_ and sgon:
gs_+p'-1

4. —qSgon + B =1

If the value sgoy = 0.21 nm? [39] was used, the xroyn values of 0.857 and 0.880 were obtained for the

spherical and cylindrical models for the mixed SDS—1-pentanol micelles, respectively. In this case we

assume that the alcohol molecules are directed with the OH group towards the water phase. The sec-
ond method can be used if the location of alcohol molecules is undefined. Following to this method,

I:1_IB’ 4

N,
q L (6a) and 5" =5 +—%.5p 0 (6b)
S- SDS

)

Xron =

Here, s’ is the area of the micellar surface per head group of the surfactant in mixed micelles. If
B'=0.516, then from Eq. (6a) results s’ =2.10 or 2.56 nm’ per charge for spherical and cylindrical
model, respectively. Using the values of s_ and Nroy =180 (xron =0.857) or 210 (xron =0.880), the

s' values are 2.08 nm” and 2.47 nm? for the spherical and cylindrical model, respectively, as obtained
using Eq. (6b). This corresponds to 67 1-pentanol molecules per one —O—-SO;~ group. Using the ob-

tained above s’ wvalues and s. = 0.30 nm® [40], the ratio N is found to be 9

ron / Nsps
(xron = 0.900) for spherical or 11 (xgron = 0.917) for cylindrical model. The schematic representation
of the fragment of micellar surface in the case of individual and mixed micelles is shown in Figure 4.

It should be noted that our value of the molar fractions of the 1-pentanol is higher than some values
reported in the literature. For instance, the molar fraction of 1-pentanol in the micelle was found by
Hartland et al. [25] as 0.66 (c(SDS)=0.02 M; ¢(1-pentanol) = 0.20 M, so [ROH, |, = 0.035 M) or 0.57
(c(SDS)=0.05 M; c(1-pentanol)=0.22 M, [=0.103 M) or ~0.7 (c(SDS)=0.02 M;
c(1-pentanol) = 0.20 M) by Johnson et al. [24]. Probably, the higher xroy value means that mixed mi-
celles are the “micelles of 1-pentanol stabilized SDS monomers”.

11
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1-pentanol

Figure 4. The schematic representation of the fragment of micellar surface in the case of individual
SDS micelles (left) and SDS—1-pentanol mixed micelles (right). These schemes represent the calcula-
tions described in this paper.

The equilibrium constant of 1-pentanol partitioning. In terms of the ratio of molar interfacial
fractions of 1-pentanol and SDS monomer, the equilibrium concentration of 1-pentanol in micelles (m)

and aqueous phase (w) [ROHm]t = 0.117 M, [ROHw]t = 0.083 M for spherical model, and
[ROHm]t =0.143 M, [ROHW]t = 0.057 M for cylindrical model. The obtained values of the molar

interface fraction and the equilibrium concentrations of 1-pentanol have allowed to estimate the equi-
librium constant of alcohol partitioning between the continuous and micellar (SDS + 1-pentanol)
phases following the method of Gettins et al. [13,15,41]:

[ROH m ]z _ _ *ron 7
[ROHW ]t ’ ([ROHm ]t + cSDS - CmC) - [ROHW ]t

The obtained xroy values result in the K values 10.3 M ' in terms of the spherical model and
15.4 M on the assumption of cylindrical model. The partition of 1-pentanol may be represented as
the distribution coefficient, K., the concentration distribution coefficient, K,, as well as the fraction of
the alcohols in the micellar pseudophase, p:

[ROH,, ] Xgon . .
XRoH.. = ; K =-—"—=>570(sphericalmodel) or 860 (cylindrical model)
e 55.6 mol/l (H,0) " Xpom,,.
L= M =140 (sphericalmodel) or 250 (cylindrical model)
[ROH, |
[ROH, ]
==—" =(.59 (spherical model) or 0.72 (cylindrical model
P=- (ROH) (sp ) (cy )

Here, the [ROHm] value is the concentration expressed in moles per 1 dm® of the pseudophase.

It should be noted that, when the § values of hexametoxy red indicator was used for calculation,
one can obtain the following results. The area of the anionic head groups, s_, is 0.454 and 0.556 nm’
per charge for spherical and ellipsoidal (cylindrical) model, respectively, as obtained using the above
g, values for the pure SDS micelles. Hence, the xroy values of 0.905 and 0.921 were obtained for the
spherical and cylindrical models for the mixed SDS-1-pentanol micelles, respectively. Following the

spherical model, [ROHm]t =0.186 M, [ROHW]I = 0.014 M, the K value equals 67 M"'. However,

according to cylindrical model [ROHm]t =(0.228 M. This value doesn’t have physical meaning due to

exceeding general 1-pentanol concentration. In this case, it can be assumed the K value is so great that
all additive 1-pentanol is found in micelles pseudophase. However, the values of the area of anionic
head group s_ are less than in literature data [4,27], so the K values obtained by hexametoxy red are
questionable.

12
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Concluding remarks

In this study we have obtained the equilibrium constant of 1-pentanol partitioning between the con-
tinuous and micellar (SDS + 1-pentanol) phases following the method of Gettins. It equals 10.3 M in
terms of the spherical model and 15.4 M™' on the assumption of cylindrical model. The respective
distribution coefficients, K., are 570 and 860, the concentration distribution coefficients, K,, are 140
and 250. The fraction of the alcohol in the micellar pseudophase, p, is 0.59 (spherical model) or 0.72
(cylindrical model). For instance, let us consider some data about mixed micelles composition ob-
tained by more direct methods. The fraction (p) of the alcohol in the micellar pseudophase was deter-
mined from the measured self-diffusion coefficients as 0.35-0.40 by Ferland et al. [22]
(c(SDS)=0.04 mol kg', =04 mol kg', c(1-pentanol)=0.16 mol kg'). It follows that

[ROHm]t ~0.06 M at c¢(1-pentanol) =0.16 mol kg '. Nevertheless, the p value obtained by Stilbs by

multicomponent self-diffusion studies [42] is 0.75 for the sample with weight fractions of alcohol,
D,0, and SDS, equal 0.027, 0.907, and 0.066. Hayase and Hayano determined the wvalue
K, =722 (¢(SDS) = 0.04 M) [7], whereas Muto et al. [9] determined the K, of 1-pentanol in lithium
dodecylsulphate system, the K, = 212 (that corresponds to K=3.8 M'; ¢(SDS) = 0.02-0.1 M,
c(1-pentanol) in excess of its water solubility). According to Heiland et al. [10] the K, = 190 at zero
ionic strength, =197 at 0.0249 M NaCl and =220 at 0.2069 M NacCl (c(SDS) = 0-0.05 M). The K, is
87 £ 4 (c(1-pentanol) = 0.03 M, ¢(SDS) =0.07 — 0.46 M) obtained by Lisi et al. [12]. The K, = 304
value has been obtained by Rao and Ruckenstein [43] using the optimal micelle size approach at
xrou = 0.55. Thereby, the various methods of estimation of the distribution of 1-pentanol between SDS
micelles and continuous phase have resulted in K values from 3.5 M to 13.0 M™' [7-12,43]. It should
be noted that higher K values were obtained at low 1-pentanol concentration. Our partition constants
are rather high when determined via indicator method wusing neutral red and
N,N'-di-n-octadecylrhodamine as indicators, but they are close to values of the distribution reported in
the literature. It should be noticed that indicator method for SDS—1-pentanol system have given rea-
sonable K values only in the case of neutral red but not hexamethoxy red, that may be related to spe-
cial feature of dye solubilization. So, given method requires the careful selection of indicators as a rule
by an experiment.
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Hocmynuna 0o peoakyii 29 eepecus 2016 p.

A.1O. XapuyeHko. OnpegeneHne coctaBa CMeELLaHHbIX MULENN H-AodeunncynbdaTt HaTpus — 1-NneHTaHon ¢ no-
MOLLIbHO KMCMOTHO-OCHOBHbIX MHANKATOPOB.

CocTaB CMeLLaHHbIX MULENN onpefensieTcs napameTpamu pacrnpefeneHus cnupta Mexay BoAHOW U muuen-
nsipHon chasamu. B paboTe cooblyaeTcs 06 MHAUKATOPHOM MeTofe OnpefeneHnUsl MOSIbHOM Aonu 1-neHTaHona B
CMellaHHbIX MuLennax H-gofeuunncynbgat HaTpusi — 1-MeHTaHoN U KOHCTaHTbl pacnpefeneHus cnupra. JToT

MeTO[ OCHOBaH Ha onpeneneHnn KaxyLunxca KOHCTaHT WMOHWU3auuu, K:pp, KMCINOTHO-OCHOBHbLIX MHOWKATOPOB.

OneKTpuYeckuii NoBepXHOCTHbIN noTeHuman Y paseH —58 MB 1 —39 MB ons uHaueBuayanbHbIX U CMELLIaHHbIX
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MULENS, COOTBETCTBEHHO, 4YTO OblI0 OLUEHEHO C WUCNOMb30BaHMEM  3HAYeHWUNn pK:pp MHOuKaTopa
N,N'-gun-H-oktageunnpogamuHa. Ucxoas ns yrnoeoro koapdpuumneHta NnMHENHOW 3aBUCUMOCTU 3HAYEHUN pK;‘pp

ANA MHOMKaTopa HEeMTPanbHOro KpacHoro oT log [Na:,], cTeneHb CBA3bIBAHUSA NPOTMBOMOHOB MHAMBUAYAlbHbI-
mMu muuennamu, [, coctasnsieT 0.71 = 0.02, Toraa Kak cooTBeTCTByloLlee 3HayeHne B npucytcteum 0.20 M

1-neHTaHona 3Ha4YnMTeNbHO HUXE: ,b" =0.52 + 0.03. 3Havenns S, ﬁ’ n ¥ no3BonsioT oUEeHUTb MOMbHYIO 40N

1-neHTaHona B CMeLlaHHbIX MULennax, ncnonb3ysi ypasHeHne Owwnmbl — Xunm — Baiita. B utore yctaHoBneHo,
YTO KOHCTaHTa pacnpeferneHus 1-neHTaHona Mexay BogHOW M muuennsapHon dasamu, K, pasHa 10.3 M u
154 M_1, ncxoas U3 cpepruyeckon U LMNMHAPUYECKON MOAENM CMEeLUaHHbIX MULENIT, COOTBETCTBEHHO. DTU 3Ha-
YeHUs1 COrnacyTcsl CO 3HaYEHUSAMU, NOMNYyYEHHBIMU OPYIMMU METOAAMM.

Knio4yeBble crnoBa: KNCIOTHO-OCHOBHbLIE MHOWKaTOpPbI, MuUUennbl H-,qop,eumncyan)aTa HaTpuA, 1-neHTaHon,
ANEeKTPUYECKUA NMOBEPXHOCTHBIM MOTeHUMarn, CTeneHb CBA3bIBaHUSA NPOTUBOMOHOB, MOfbHas AONSA CMpTa, KOH-
CTaHTa pacnpeneneHusa.

A.}O. XapueHko. Br3HauyeHHs ckragy 3MillaHux Mmilen H-gogeunncynbdaT HaTpito — 1-neHTaHon 3a 4Oonomo-
rot0 KUCIOTHO-OCHOBHUX iHOUKaTOPIB.

Cknag 3miwaHux Milen BU3Ha4YaeTbCA napaMeTpamu po3noAiny CnvpTy MixX BOAHOK Ta MilenspHoto dasamu.
B po6oTi noBigoMnsaeTbCa Npo iHAMKATOPHUI METO BU3HAYEHHA MOJIbHOT YacTku 1-NeHTaHony B 3MillaHux Mmile-
nax H-gopeumncynbdart HaTpito — 1-meHTaHon i KOHCTaHTK poanoainy. Llev meTon 6a3yeTbCA Ha BU3HAYEHHI

YABHUX KOHCTaHT ioHi3aLil, ijp, KMCMOTHO-OCHOBHUWX iHAMKaTOpiB. ENekTpnyHuin noBepxHEBUI NoTeHuian 4opis-
Hioe —58 MB i =39 MB ans iHguBigyanbHWX i 3MillaHux miuen, BignoBigHo, Wwo Oyno OuiHEHO 3 BUKOPUCTaHHAM
3HayeHb pKaapp iHamkatopa N,N’-gu-H-okTageuunpogamiHy. Buxoasaum 3 kKyToBoro koediuieHTy MiHIMHOI 3anex-
: app H ~ H + f ’ . f
HOCTi 3HaueHb pK ™" Ans iHaukaTopa HerlTpanbHOro YepBOHOTO Bif log [Na ], cTyniHb 38'A3yBaHHSA NPOTUIOHIB
iHAvBidyanbHUMK Milenamu, S, popisHioe 0.71 + 0.02, BignosigHe 3HayeHHs B npucyTHocTi 0.20 M 1-neHTaHony

3HAYHO HWXKYe i CTaHOBUTb ﬁ' = 0.52 = 0.03. 3HaveHHa [, ,3' i ¥ [o3BonsAlTb OLHUTU MOJBbHY 4acTKy

1-neHTaHony B 3MillaHMX Milenax, BUKOPUCTOBYIOUMN piBHAHHA Owivn—Xini—Bavita. B pesynbTaTi BCTaHOBNEHO,
LLIO KOHCTaHTa pPo3noainy CNMpTy Mk BOAHOI Ta MiuenspHoto dasamu, K, gopisHioe 10.3 M'i15.4 M_1, BMxoas-
4n 3 cchepuyHoi Ta LMMiHAPUYHOT MoAeni 3aMilaHnx Miuen, BignoBiaHo. Lli 3HaYeHHs y3romKytoTbCs 3i 3HAYEHHSI-
MU, LLO OTPUMAaHI iHLIMMN MeTogaMu.

KnroyoBi cnoBa: KMCNOTHO-OCHOBHI iHAMKaTOpW, Milenu H-goaeunncynbdaTy HaTpito, 1-neHTaHormn, enekTpuy-

HWIA NOBEPXHEBUI NOTEHLiarn, CTyMiHb 3B’A3yBaHHSA NMPOTMIOHIB, MOMNbHA YacTka CNMPTY, KOHCTaHTa po3noginy.
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