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The addition of a cationic surfactant to sodium n-dodecylsulfate micellar solutions dis-
plays strong changes in the ‘apparent’ ng values of acid-base indicator, decylfluo-
rescein, adsorbed on the interface of micelles.

Organic indicator dyes are widely used as probes for studying micelles, liposomes,
and other microscopic objects, as their spectral and acid-base properties are sensitive to
the nature of the microenvironment [1]. The so-called ‘apparent’ dissociation constant,

K:, serves as a key characteristic of an indicator dye in micellar solutions:

pK§ = pH +log{[HR*] /[R* ]} (1)
Here z and (z—1) are charges of the conjugated indicator species (HRZ ~— R%1 +
H"). The ratio of the equilibrium concentrations of these species can be derived from

electronic absorption, while the pH values of the bulk (continuous, aqueous) phase are

determined as a rule by using the glass electrode. The volume of the dispersed (micel-
lar) phase usually makes less than 1% of the total volume of solution, and the molar

ratio surfactant : dye is >100. The pKaa value of an indicator completely bound by

ionic micelles, membranes, etc., may be used to evaluate the electrical potential of the
charged surface, ¥, since there is a well-known relationship between these quantities

[1]:
pK & = pK} —WF / 2.303RT 2)
Here F is the Faraday constant, R is the gas constant, T is absolute temperature,
Kg is a constant characterizing the ‘intrinsic’ acidity of the reagent. The ionizing group

is supposed to be situated in the Stern layer, and the ¥ value refers to this part of the
pseudophase.
In our previous communication [1], the influence of the nature of micellar pseudophase on

the apparent dissociation constant of indicators, K 2, was studied in details. Besides, both inor-

ganic and organic counter-ions were introduced into the micellar solutions of colloidal surfac-
tants. The only aim of this report is to demonstrate the influence of an organic counter-ion,

which itself is able to form micelles, on the K 2 values of acid-base indicators. The dye de-

cylfluorescein was chosen as a two-step (‘bifunctional’) indicator with two different
charge types of acid base couples +/0 and 0/-:

HR" == HR+H', K%, 3

HR = R +H", K& (4)
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All the species of this bifunctional indicator are completely bound by micelles of so-
dium n-dodecylsulfate (SDS) owing to the long hydrocarbon tail, —n-CygH»1:
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As hydrophobic counter-ion, n-C;gH21N(CoHs)s* (or Ct*), was added to the system
under study in the form of hydrosulfate. All the experiments (Vis-spectroscopic evalua-

tion of pK a accompanied by potentiometric determination of pH) were made at 25 °C,
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Fig.1. Absorption spectra of decylfluorescein speciesin 0.01 M SDS solution with
addition of 0.003 M n- C,;H,,N(C,H,); ; cuvette: 1cm.

as described earlier [1]. The sample of decylfluorescein was already used previously [1].
The Vis absorption spectra of three species of the dye in the system under study are
presented in Figure 1.

The values of the dye species are as follows: 444 nm (HyR*), 455 nm and 485
nm (HR), and 502 nm (R_). In 0.01 M SDS + 0.003 M n-C10H21N(CzH5)3+ system,

the following results were obtained: pKE‘;‘0 = 4.89+0.06 (acetic buffer, ionic strength
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0.01 M + 0.003 M NaOH), ngl = 8.38+0.02 (borate buffer, ionic strength 0.0125 M

+ NaOH 0.003 M). In 0.01 M SDS solution, at buffer ionic strength 0.05 M, the ng
equal 5.17 and 8.96, respectively [1]; the real ionic strength is somewhat higher, ca.
0.054 M, if we take into account the cmc value at 0.05 M Na* and the dissociation
degree of SDS in the Stern layer [1-3]. The pKaa values of decylfluorescein in SDS

micellar solutions with different initial salt content of the bulk phase are compared in
Table 1.

Table 1. The ng values of decylfluorescein in SDS micellar solutions with different
initial electrolytic background

.-y a a

Surfactant Initial bulk content PK 20 pPK 31
0.01 M SDS 0.05 M NaCl (Ref. 1) 5.17+0.01 | 8.96+0.04
0.01 M SDS 0.40 M NaCl (Ref. 1) 455+0.03 | 8.18+0.04
0.01 M SDS 0.003 M Ct* 4.89+0.06 | 838+0.02

pK 2[0.05 M NaCl] - pK 2[0.40 M NaCl] = 0.62 0.78

pK 2[0.05 M NaCl] - pK 3 [0.003 M Ct*] = 0.28 0.58

The data demonstrate that the influence of small additive of Ct* is commensurable
with that of 133-fold amount of Na*. Evidently, such effects cannot be explained by
screening of the surface charge, as in the case of 0.40 M NaCl [1-4]. Moreover, the
traditional model of describing salt effects [5] is invalid here. Really, the hydrophobic
cation under study, Ct*, is surely adsorbed on the SDS micellar interface; this ion
behaves as a co-surfactant rather, than as counter-ion. Hence, at the given
concentration the ion Ct* is practically absent from the bulk (aqueous) phase. In such

case, the decrease in the ng values is caused by partial neutralization of the micellar

charge and, maybe, by decrease in the interfacial charge density. Note, that marked
effects on the surface acid-base equilibria of indicators in SDS micellar systems displays
also tetra-n-butyl ammonium cation [1-4], as well as other pseudospherical
alkylammonium cations [4]. The last-named cations are known to disorder the
micelle/ water interface in the case of SDS micellar systems [5]. In addition, they

certainly act as dehydrating agents (‘drying’ effect). Hence, the variations in the pKaa

values can be caused by alterations of the ng quantities [see eq. (2)].

The modification of the SDS micellar surface with hydrophobic cation Ct* is proved
by the alteration of the absorption spectrum of the standard solvatochromic Reichardt’s
dye 4-(2,4,6-triphenylpyridinium-1-yl)-2,6-diphenyl phenolate (Figure 2). The spectra of
this dye in other micellar solutions of surfactants are given in Ref. 1.

For complete interpretation of the ng values of decylfluorescein, obtained in the

present study, it is necessary to clarify the possibilities of ionic association (between
HoR* and DS™, R~ and Na*, and R~ and Ct*).

The results obtained in this work encourage to do further investigations of SDS mi-
cellar solutions with various organic counter-ions.
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Fig. 2. Absorption spectra of 4-(2,4,6-triphenylpyridinium-1-yl)-2,6-diphenyl
phenolate in 0.01 M SDS solutions: without additives, A, =497 nm (1), and with

addition of 0.003 M n- C,;H,,N(C,H,)3, 4

m

«x — 203 nm (2); pH 12; cuvette: 5cm.

References

1. Mchedlov-Petrossyan N. O., Vodolazkaya N. A., Timiy A. V., Gluzman E. M., Alek-
seeva V.I.,, Sawvina L. P. http://preprint.chemweb.com/physchem/ 0307002
Kharkov University Bulletin. 2002. No. 573. Chemistry. Issue 9 (32). P. 171-208.

2. Loginova L. P., Samokhina L. V., Mchedlov-Petrossyan N. O., Alekseeva V. |., Sav-
vina L. P. Colloids and Surfaces A: Physicochem. and Eng. Aspect. 2001. Vol.193.
No 1-3. P.207-219.

3. Mchedlov-Petrossyan N. O., VodolazkayaN. A., Doroshenko A. O. J. Fluorescence. 2003.
Vol.13. No 3. P. 235-248.

4. Mchedlov-Petrossyan N. O., Pulyaeva A. S. Functional Materials. 1995. Vol. 2. No.
4. P. 530-531.

5. Gaboriaud R., Charbit G., Dorion F. In: Surfactants in solution, ed. K. L. Mittal. 1984. Ple-
num Press. Vol. 2. No 4. P. 1191-1206.

6. Szajdzinska-Pietek E., Gebicki J. L. J. Phys. Chem. 1995. Vol. 99. No. 36. P. 13500-
13504.

Hocrynuia B peaaknuio 17 gexabps 2003 roza

BeCTHMK XapbKOBCKOr0 HauuOHanNbHOro yHuBepcuteta. 2003. Ne596. Xumwus.
Bbin.10(33). H.O. Muepnos-lMNetpocaH, H.A. Bopgonaskasa. OTKAMK KWUCNOTHO-
OCHOBHOIo uHAOuUKatTopa Ha MO,EI,I/I(DVIKaLI,I/IlO Muuenn H-,D,O,El,eLI,I/IJ'Ich'Ibd)aTa HaTpud
NOBEPXHOCTHO- aKTUBHbLIM KaTUOHOM.

BBe,u,eHme NOBEPXHOCTHO-aKTMBHOIoO KaTMOHa AH-AeuUUnTpu3TMNaMMOHMA B MMLI,eJ'IJ'IﬂprIﬁ pac-
TBOP H-J:I,OJ:I,eLIMJ'ICyanbaTa HaTpua Cyu,eCTBEHHO U3MEHsET «KaxKyLleecsa>» 3HadeHue pKaa Kn-
CNOTHO-OCHOBHOIO MHAMKaTopa geumndnyopecuenHa, ap,COp6MPOBaHHOFO MULLEeNNaMmn aHUOHHO-
ro MAB.
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