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Influence of sodium dodecyl sulfate on the reaction between Nile
Blue A and hydrogen peroxide
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The influence of the anionic surfactant sodium dodecyl sulfate on the rate of the
reaction between the cationic form of Nile Blue A and hydrogen peroxide was investi-
gated in the pH range from 5 to 8.5. A retardation of the oxidation of Nile Blue A with
hydrogen peroxide of three orders of magnitude was observed at pH 8.5 in the presence
of anionic micelles compared to the kinetic data in water. The retardation effect was less
pronounced at lower pH values. These effects were explained by the electrostatic
interaction of the species involved in the reaction with the negatively charged micellar
surface and their effective separation in the vicinity of the micellar surface.
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It is well-established that, in many cases, the rates and pathways of all kinds of
chemical reactions can be altered by performing the reactions in micellar media instead
of pure bulk solvents.!2 Micellar effects on the rate of chemical and biochemical
processes can be quite varied, ranging from inhibition to activation.® These kinetic
effects are generally explained in terms of the partition of the substrate between the
aqueous and the micellar phase. Surfactants affect reaction rates by incorporating one
or both of the reactants into the micellar aggregates. Together with this concentration
effect through hydrophobic and electrostatic interactions, micelles also exert a medium
effect (microviscosity, polarity, ezc.) that influence the reactivity.

Many results have been published in the literature showing the different
catalytic or inhibitory effects of anionic, cationic and non-ionic surfactants.-13
Because of the structural similarities between micelles and globular proteins, these
studies are important from biochemical aspects, as model systems for clectron-trans-
fer and ligand-exchange reactions on the surfaces of biomembranes or at the
interfaces of globular proteins.

Inthe present paper, the influence of the anionic surfactant sodium dodecyl sulfate

(SDS) on the rate of oxidation of the protonated form of the phenoxazine dye Nile Blue
Apersulfate (NBA*HSOL() with hydrogen peroxide (both reactants being hydrophilic)
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was strudied. This reaction, whose characteristics in water are well understood, has
been used for the analytical determination of traces of selenium.!®

EXPERIMENTAL

Nile Blue A persulfate (Fluka), sodium dodecyl sulfate (Sigma) and hydrogen peroxide (Merck)
were of analytical grade and used without further purification. Water purified by a Millipore Milli-Q
system was used for the preparation of solutions. The pH of the solutions were adjusted with phosphate
or borate buffer (0.5 mM). The hydrogen peroxide solutions were prepared from 30% H2O; by dilution,
and their concentrations were determined from the concentration of HyTiO4 formed in the reaction of
hydrogen peroxide with Ti(IV).17

All spectrophotometric and kinetic measurements were performed on a Perkin Elmer Lambda
5 UV-vis spectrophotometer thermostated at 35 °C. When the reaction time (at least four half-lives)
was less than 5 min, the universal rapid kinetic accessory HI-TECH model SFA12 was fitted to the
spectrophotometer. The kinetic experiments were performed by mixing equal volumes of NBA" and
hydrogen peroxide solutions, SDS being added in equal concentrations to both solutions prior to
mixing. The reaction rates were determined from the decrease of the absorbance at the NBA"
absorption maximum in the visible spectral range with time. Pseudo-first-order rate constants with
respect to hydrogen peroxide (kobs) were obtained from the slopes of In Ay versus time. The quoted
values of kobs are the averages of at least ten runs under identical expeirmental conditions. All kientic
measurements were reproducible within the limits of error of £10%.

The critical micellization concentration (CMC) of SDS in the presence of hydrogen peroxide
was determined by measuring the relative light scattering intensity using a Chromatix KMX-6
low-angle laser photometer operating at 633 nm.

RESULTS AND DISCUSSION

Absorption spectra and pKq of NBA" in the presence of anionic micelles

Aqueous solutions of NBA™ exhibit a characteristic absorption spectrum with
absorption maxima at 279, 329 and 639 nm. The absorption maxima of its conju-
gated base, the neutral compound Nile Blue base (NBB), are shifted to lower
wavelengths (265, 313 and 500 nm, respectively).

Ht + M

7
HoN O =
NCHCH3 HN 0 NCH2CH3

NBA NBB

CH2CH3 CH,CH3

Scheme 1.

From the decrease of the absorbance at 639 nm on increasing the pH from 7
to 12, the protonation constant of NBA™ in aqueous solution was estimated to be
pKa =9.25£0.05. From the spectrophotometric pH titration of a Nile Blue solution
containing 10 mM SDS in the pH range from 8.5 to 12.5, using both the decrease
of the absorbance at 645 nm and the increase of the absorbance at 500 nm, the
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protonation constant of NBA™ localized at the negatively charged micellar surface
was estimated to be pKy = 11.420.1. The apparent increase of the pKa of NBA™ in
micellar solutions of about two pH units can be explained by the higher concentra-
tion of hydrogen ions in the vicinity of the micellar surface compared to bulk
solution.!®19 Tt must be pointed out that the pH of the solution, measured using a
glass electrode, refers to the bulk concentration of H' ions.
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Fig. 1. The effect of the SDS concentration on the absorption spectrum of a 10 UM Nile Blue A per-
sulfate solution at pH 8.5: a) without SDS; b) 2 mM SDS; ¢) 3 mM SDS; d) 4 mM SDS; ¢) 5 mM
SDS; f) 6 mM SDS; g) 7 mM SDS; h) 8—12 mM SDS. Inset: Absorbance at 645 nm as a function of
the concentration of SDS.

Significant changes of the intensity and slight changess in the position of the
absorption maxima of NBA* were observed in the presence of SDS, the greatest
effect being obtained in the visible spectral region (see Fig. 1). It is well known that
changes in the optical properties of some molecules can be induced by the presence
of surfactant molecules, providing an easy way for the estimation of the CMC of
the surfactant.2? The saturation of the absorbance of NBA™ was observed at a SDS
concentration of 8 mM (see inset in Fig. 1), which corresponds to the CMC value
of SDS. The obtained CMC value in the presence of a low concentration of NBA™
(10 uM) is in good agreement with the reported CMC value at zero ionic strength.?!

The increase of the absorption coefficient of NBA™ in the presence of anionic
micelles of more than 50%, compared with an aqueous solution, indicates a
diminution in the polarity in the immediate vicinity of the organic cation as a result
of its localization at the negatively charged micellar surface. This was proved by
recording the szpectra of NBA" in media of variable dielectric constant (water/etha-
nol mixtures??). The absorbance at 640 nm increases with increasing ethanol
content, i.e., with decreasing medium polarity.
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The kinetics of the oxidation of NBA" with hydrogen peroxide in the presence of SDS

The oxidation of NBA" in the presence of hydrogen peroxide results in the
formation of a colorless product and, consequently, a decrease of the absorbance at 639
nm. It has been shown that the oxidation of NBA™ with hydrogen peroxide is base
catalyzed and a rate equation for the reaction in aqueous solutions was postulated
(-d[NBA*]/dr = k, [NBA™] [H,0,] [buffer] [H3O+]4)'5).16 However, the significantly
slower spontaneous decomposition of NBA™ was not taken into account.

The kinetics of the oxidation of NBA ™ with hydrogen peroxide in the presence
of the micelle forming surfactant SDS was followed in the pH range from 5 to &.5.
Under pseudo-first-order conditions ([H,0,] >> [NBA™]), defined pH and constant
buffer concentration (0.5 mM), the experimentally determined rate constant (k)
followed the simple rate expression:

kobs = ks tk [HZOZ] (2)

where ks corresponds to the spontaneous decomposition of NBA" in the absence of
hydrogen peroxide, while £ is the pH dependent second-order rate constant.

The values of k [H,O,] = kg, — & at constant acidity both in the presence
and absence of SDS (kgpg and kyy, respectively) are presented in Table I. Over the
entire investigated range of acidity, the values of k; were <1005 and (5.0 £ 0.5)
x 10751 in the case of micellar and aqueous solutions, respectively. The signifi-
cant increase of the pseudo-first-order rate constant with decreasing acidity, both
in the presence and in the absence of micelles, confirmed that the oxidation of
NBA™ with hydrogen peroxide is base catalyzed.

TABLE 1. Pseudo-first-order rate constants & [H2O2]=kobs — ks for the reaction of oxidation of NBA"
(6 uM) with H2O2 (1 M) as a function of pH in water (4w) and in the presence of 10 mM SDS (ksps),
as well as the retardation factor (RF = kw/ksps)

pH 5.0 5.9 7.0 8.0 8.5
kw/s ' (42£04)x10 4 (1.120.1)x10 3 (8.5£0.6)x10 > (5.8+0.4)x10 % (4.320.2)x10 "
ksps/s | (2.4402)x107° (4.5£0.3)x1070 (2.340.1)x107° (6.4£0.1)x107> (2.220.1)x10~*

RF 175435 24445 37045 90080 1955+190

YCorrected for the spontancous decay of NBA™, ks = (5.010.5)><1075 st

A significant retardation of the oxidation of NBA* with hydrogen peroxide
was observed in the presence of micelles. At pH 8.5, the retardation factor (the ratio
between the pseudo-first-order rate constants in the absence and in the presence of
SDS) was around two thousand. Increasing the adicity led to a gradual decrease of
the retardation factor up to a few hundreds. It should be pointed out that the effect
of micelles on the oxidation of NBA™ with hydrogen peroxide is more pronounced
(three orders of magnitude) compared to the kinetic data obtained under similar
experimental conditions for complex formation involving hydrophilic species (one
order of magnitude).”!! Also, the observed micellar effect is comparable to the
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kinetic data obtained for electron-transfer reactions involving reactants of opposite
polarities.>-0

Retardation of the oxidation of NBA* with hydrogen peroxide in the pH range
from 5 to 8.5 can be explained in terms of the effective separation of the species
involved in the reaction in the presence of anionic micelles. Anionic micelles
provide a dispersed negatively charged surface in the solution. As a consequence,
the positively charged NBA™ ions partition out of the bulk aqueous phase into the
surface region of the micelles. Apart from the electrostatic interaction, the hydro-
phobic interaction cannot be neglected since, due to its aromatic structure, NBA*
is very probably located in the interfacial "water-rich" region of the micelle where
the polarity is lower than in water (effective dielectric constant of the micellar
surface was estimated as 36°). The retardation of the oxidation of NBA™" with
hydrogen peroxide in the presence of SDS can be explained keeping in mind that
the reaction is base catalyzed. Due to the clectrostatic repulsion between the
negatively charged micellar surface and the negatively charged hydroxyl ions, the
OH™ ions are located solely in the bulk aqueous phase. Therefore, in the presence
of anionic micelles, the species involved in the reaction are effectively separated
and the oxidation process is slowed down.
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Fig. 2. The dependence of the retardation factor (RF = kw/ksps) on the concentration of SDS for the
reaction of NBA+ (6 uM) with hydrogen peroxide at 35 °C and pH 8.5.

Since the influence of SDS on the rate of NBA™' oxidation with hydrogen
peroxide is very pronounced, the kinetic measurements can be used for the precise
detection of the surfactant concentration at which micelle formation occurs, which
is generally considered to be the CMC of the surfactant. A typical dependence of
the retardation factor on the concentration of SDS at pH 8.5 is shown in Fig. 2. The
estimated CMC value (2 mM) is smaller than the reported CMC value at zero ionic
strength.2! The lower CMC value can be explained by the presence of the high
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concentration (1 M) of hydrogen peroxide, which lowers the CMC of the surfactant.
The CMC values, at different acidities in the presence of 1 M HpO», were also
determined by measuring the relative light scattering intensity as a function of the
surfactant concentration. Agreement between the CMC values determined from
light scattering and kinetic measurements was found.
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YTULA] HATPUIYM-NOJELHUIICYJI®ATA HA PEAKIIATY
Nile BlueA 1 BOOOHUK-ITEPOKCHUJA

UBAHA A.JAHKOBUR," MUPA M. YAKAP” u JOBAH M. HEJIEJbKOBUR!

lI/IHcmullem 3a Hykaeaphe Hayke Bunua, .ap. 522, 11001 Beozpao u
2 _ _ _ - -
Dapmayeyiticku gpaxyaitieiti, Yrnusepauitieiti y Beozpady, Beozpao

WcnuruBas je yrunaj aHjoHCKOT cypdakTaHTa HaTpujyM-fofenmicyiagara Ha Op3uny
peakuuje karjoHckor oosuka Nile Blue A u Boponuk-nepokcuia y pH oncery on 5 10 8,5. Y
nopebemwy ca KHHETHUKUM pe3yjITaTHMa JOOUjEHHM y BOJAECHUM PacTBOpUMA, Y IPUCYCTBY
a”joHcKuXx munena Ha pH 8,5 mpumeheno je ycnopewe okcupaunmje Nile Blue A Boponux
MEPOKCHIOM 3a TPH pefia BeJIMUMHe. Y KHCENUjIM pacTBOpUMa eeKaT YCIOopema je Mame
m3paxkeH. OBH epeKTH cy 00jalIhbeHN eIEKTPOCTAaTHIKOM HHTEPAKIHjoM n3Meby HeraTuBHO
HaeJeKTpUCaHe MOBpIIMHE MHUIENa W pearyjyhux BpCTa, MTO BOJU HUXOBOM e(hUKaCHOM
pasaBajamy y OMM3MHY IOBPIIIHE MALEE.

(ITpumsbeno 25. nosemGpa 1998, pesupupano 5. peGpyapa 1999)
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