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Determination of Micellar Microenvironment of Pinacyanol by Visible Spectroscopy
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The interaction of pinacyanol, a cationic cyanine dye (PIN), with Triton X-100, sodium dodecyl sulfate, and
alkyltrimethylammonium bromide micelles was studied by visible spectrophotometry. PIN exists as a monomer
and in aggregated form (dimers, trimers, and higher aggregates) in aqueous solution, but dimers and higher
aggregates were split into monomers in the presence of surfactants (or on addition of organic solvents). The
interaction of PIN with any kind of micelles produced a bathochromic shift of all of the spectral bands and
increased the most red-shifted band. The deconvolution of each experimental spectrum in three bands allowed
the calculation of the molar absorptivity of any band. The extent of the binding of the dye to micelles can be
measured by the association constant. The highest value of this was achieved with anionic, then with nonionic,
and, finally, with cationic micelles. In the latter, the higher the length of the hydrophobic chain, the higher
the association constant. By comparing the wavelength shifts in micellar systems with those observed in
organic solvents, it was possible to assign a kind of microenvironment of PIN in the micelle.

1. Introduction components can be located at 600, 550,aB@0 nm. The first
one is usually interpreted as the vibrationless electropie>S
S, transition and the other two as the same electronic transition
nder vibration cooperation. With increasing dye concentration,
he spectrum undergoes some variations: the peak at 600 nm
diminishes, whereas that at 550 nm enhances. In determined
circumstances, such as the dye being absorbed on colloidal
surfaces, these bands decrease with simultaneous appearance
of a new absorption band at 495 A1 This latter band should
correspond to théd band. The origin of such changes is the
existence of aggregate forms of PIN (dimers, trimers, and higher
aggregates). Because the dimer exists always in equilibrium with
the monomer, the observed absorption spectrum, even at low
dye concentrations, is a superposition of the spectra of the

Cyanine dyes are intensively colored, cationic polymethine
dyes and have been frequently used as optical probes in th
study of membranes, surfactants, micelles, and dendrimer-base
host system&-> In solution, the main nonradiative relaxation
process for the excited singlet state is the rotation around the
conjugated polymethine chafriThe quantum yield of fluores-
cence for this class of dyes increases when the viscosity of the
environment increases, because the rotational freedom is
restricted’. A strong dispersion force associated with the high
polarizability of the chromophoric chain favors aggregation of
cyanine dyes in aqueous solution. The high dielectric constant
of water facilitates the aggregation process by reducing the
electrosta_tlc repulsion between S|m|larly_cha_rged dye molecule_s.monomer and the dimer.
Aggregation of these dyes occurs also in mixed solvents and in . ) . .
heterogeneous media, e.g., micelles. On the other hand, ag- It is well-known that the local microenvironment surrounding

gregation produces new spectral bands, now commonly referred® dye molecule influences its electronic structure and thus its
as theJ and theH band3® H aggregates are spectroscopic photophysics. Changes in this local microenvironment, as the
entities that are characterized by a blue-shifted absorption banddY® interacts with other species in solution, can produce
with respect to monomer absorption, whereasiggregates measurable spectral shifts which can, in turn, be monitored
present a red-shifted banid.aggregates appear at low concen- spectroscopically? This property, known as solvatochromism,
tration prior to the formation of thé aggregates. Until now allows elucidation of the influence of the immediate environment
their physical size and structure have been controversial. It hasOf the molecule within the probed system and, moreover, gives
not been clarified experimentally whether they really represent €vidence of specific interactions. Differences in local polariz-
dimers, as commonly assumed, or whether they representab'l'ty might account for the spectral shifts of PIN in micellar
particles of mesoscopic size, which upon increase of the media, because of the presence or absence of water. Hence PIN
concentration further assemble to eventually fdraggregate$. can function as a probe for local polarizability. Solvatochromism

Pinacyanol (1,1diethyl-2,2-carbocyanine) chloride (PIN) is is cgused by the differential solvatiqn of the ground gnd first
a cationic dye belonging to the class of conjugated cyanine dyesexc'teOI state of the chro_mophdﬁal.:or instance, a red_uctlo_n of
that, because of its amphipathic nature, is soluble in a wide ("€ Polarity of the medium produces bathochromic shifts of

range of solvents including water and chloroform. The visible peaks of maximal absorptlon_ of PIN. Th'?. means that Fhe
absorption spectrum of PIN consists of three overlapping ground-state molecule of PIN is better stabilized by solvation
spectral components, with the most intense band red-shiftedthan the molecule in the excited state. In these circumstances,

relative to the others. In water, maxima of such spectral it is said that a “negative” solvatochromism is present.
Surfactants (above or below their critical micellar concentra-

* To whom correspondence should be addressed. Fag4 93 403 59 tions) affect the electronic absorption spectra of solutions of
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to determine certain physicochemical properties of micelles and
vesiclest’ In previous works, the location of PIN in micelles
of some trimethylammonium bromide surfactants was studied
spectroscopically and by acidase equilibrium. Results sug-
gested the possibility of a catiemr interaction between the
uncharged ring system of the dye and the cationic headgroups
of the surfactants. On the other hand, curve-fitting techniques
were applied in order to obtain the dimerization constant, as
well as to decompose and analyze the absorption spectrum in
terms of its component bané.1°

In the present work, we aim to elucidate the effects of the
interaction of PIN with nonionic, cationic, and anionic surfac-
tants, at micellar concentrations, by means of UV absorption 450 500 550 600 650 700
spectroscopy. Our other objective is to determine the solubili- Wavelength /nm

zation site of PIN in each micellar system as a function of the; Figure 1. Concentration change in the visible absorption spectrum of
structure of the surfactant (charge and length of the hydrophobic p|y in water at 25°C.

Absorbance

tail).
I0 _ Qmic
2. Experimental Section InE =M 1)
2.1. Materials. PIN and Triton X-100 (TX-100) were
obtained from Sigma (St. Louis, MO); pyrenehexadecyl- wherely is the emission intensity at a certain wavelength in the
trimethylammonium bromide {gH4NBr (HTAB), n-tetradecyl- absence of an added fluorescence quendhehe intensity at
trimethylammonium bromide GH3gNBr (TTAB), n-dodecyl- the same wavelength at quencher concentragpr, and M

trimethylammonium bromide 8H34NBr (DTAB), and sodium the concentration of micelles in solution. This concentration is
dodecyl sulfate GH,s0SO;"Na'™ (SDS) were obtained from  related to the average aggregation numlethe total surfactant
Fluka (Buchs, Switzerland); 1-dodecylpyridinium chloride concentrationS and the cmc through eq 6, and eq 11 becomes
hydrate 98% was from Aldrich (Steinheim, Germany). Organic

solvents, when possible of spectroscopic grade, were purchased lo QnicN

from Merck (Darmstadt, Germany). Solutions were made in |n|—=m 2)
double-distilled water purified through a Milli-Q system (Mil- Q

lipore, USA).

2.2. Procedure to Prepare SolutionsStock solutions of PIN If _the_fluorescence intensity at _vario_us quencher concentratiqns
were made in CHGl When necessary, the required amount was with fixed surfactant concentrations is measured, the aggregation
placed in a round-bottomed flask and evaporated at reduced?Umber can be calculated from the slope of the straight line
pressure. To remove CHglfaces, the residue was freeze-dried Obtained by plotting In/lo) againsQmic, provided that the cme
overnight and the appropriate solution was prepared. All PIN 1S known.
preparations were kept in the dark and wrapped in aluminum 2.5. Spectroscopic Measurementshe absorption spectra
foil to lower the likelihood of photodecomposition during Wwere recorded with a Shimadzu UV-2401 PC bVsible
storage. To minimize dye adsorption, glassware and cuvettesspectrophotometer (Shimadzu, Japan) using a matched pair of
were silanated with 2% (v:v) dichloromethylsilane/toluene glass cuvettes of 1 cm optical length placed in a thermostated
solution and then rinsed with methanol. cell holder, at 25+ 0.1 °C. Spectra were fitted to three

2.3. Critical Micellar Concentration Determination. Criti- overlapping Gaussian curves with the help of a Gaussian curve
cal micellar concentrations of cationic micelles and SDS fitting programe that made it possible to obtain the amplitude,
micelles were measured with a Crison micro CN 2202 (Crison, center, bandwidth at half of the maximum amplitude, and area
Spain) conductivity meter, using a cell constant of 1.00ém  of each Gaussian function.
and calibrated with KCI solutions in the appropriate concentra-
tion range. The errors in the conductance measurements were3. Results and Discussion
+0.50%. The surfactant solution was progressively added with
a Hamilton microsyringe to water kept in a bath to maintain ~ The shape of the visible absorption spectrum of PIN in water
the temperature at 25 0.5 °C, and the conductance was was dependent on the dye concentration, as we can see in Figure
measured after thorough mixing and temperature equilibrium. 1. At low concentrations, band absorption at 600 nm predomi-
The cmc of TX-100 was determined at the same temperaturenated slightly over that observed~658 nm, whereas in more
by the ring metho® using a digital tensiometer (Processor concentrated solutions, this later was clearly higher than the
Tensiometer K-12, Kiss, Hamburg, Germany), which directly ~most red-shifted band. This fact provoked a lack of linearity in
determines the real surface tension values at equilibrium. the plot of absorbance vs dye concentration; that is, the

2.4. Determination of Micellar Aggregation Numbers. Lambert-Beer law did not hold, as a consequence of the
Aggregation numbers of ionic micelles were determined by presence of monomer molecules of PIN, as well as its dimer
fluorescence quenchirfgThe method involves labeling micelles  form. We found elsewhere that the dimerization constist,
with a fluorescent probe and measuring steady-state fluorescencds (350 + 5) x 10> M™% At any PIN concentration, the
before and after addition of a second species, the quencherconcentration of dimerGp) and monomerQ@y) species can be
which deactivates excited molecules of the probe species. Thecalculated from the experimental absorbanégs), the dimer-
probe used was pyrene, and the quencher was the dodecylization constant, and the molar absorptivities associated with
pyridinium ion. According to this model, the aggregation both speciesem(4) and ep(4), respectively, according to the
numbers can be calculated by use of eqs 1 and 2 following equations:
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Figure 2. Visible absorption spectrum of PIN at different concentra- Figure 3. Bayliss graph for PIN. Solvents used are from left to right:

tions in 1-propanol at 28C. methanol, acetone, ethanol, 1-propanol, 1-butanol, chloroform, 1-oc-
tanol, DMSO, and benzyl alcohol.

TABLE 1: Shifts of the Wavelength of Maximal Absorption

of PIN in Several Organic Solvents in Relation to the

Maximal Absorption in Water polarity scale,E}, whose value for any solvent is defined

according to eq 6, using water and dimethyl sulfoxide (DMSQ)

solvent Admainm Er/kJ mol™* Ey as extreme polar and nonpolar reference solvents, respectively
water 0 199.69 1
methanol 4.61 198.19 0.69 N ET(soIvent)— ET(DMS())
ethanol 7.32 197.30 0.50 E = (6)
1-propanol 9.23 196.69 0.37 Er(water)— E(DMSO)
1-butanol 10.50 196.28 0.29
;&%%ir;m 1%'_%? 11%57%2 %‘%% Hence, theE} scale can range from 0.00 for DMSO to 1.00 for
DMSO 14.80 194.91 0 water, the most polar solvent. Negative values are obtained with
chloroform 12.28 195.69 0.16 solvents more apolar than DMSO, e.g., with benzyl alcohol.
benzyl alcohol 17.52 194.04 —-0.18 There exists a direct relation between the wavenumber of
) maximal absorbance and the Bayliss functidp, of the
Kp = Cp/Cy (3) refractive indexns of the solvent (eq 7):
A(L) = €y (A)Cy, + €5(A)Cp (4) 5
nS—1
B (7

The transfer of the dye from bulk water to an organic phase
affects its physicochemical properties, namely, its absorption

spectrum. In this way, the spectral behavior was completely Figure 3 shows a plot of the absorption maximal of PIN as a

different when PIN was dissolved in organic solvents. In these ,nction of the Bayliss function. Because of the dimerization
cases, a regular increase of the maximal absorbance in bothys p|N in water. this value (16 678 crh for fs = 0.170) did

peaks was observed, and the Lamb&eer was accomplished 4 it 1o the straight line, and for this reason, this datum was
in the concentration range used. Another important feature discharged.

observed was that both peaks underwent a bathochromic shift,
more evident in the case of the peak near 600 nm. Figure 2
shows spectra of PIN at several concentrations in 1-propanol.

Such spectra were qualitatively similar to those obtained with , mbers K)) for the different surfactant concentrations. For

other nonaqueous solvents. _ _ nonionic micelles, a value of 112 was assumeN dsespective
_ Table 1 shows the wavelength shifts of the maximal absorp- ot the concentration. Table 2 summarizes the values of cmc
tion of PIN in organic solvents in relation to the absorption piained experimentally and the parameters of the linear

near 600 nm of PIN in water. Moreover, the wavelength of e4ression that allow calculation bffor each surfactant at any
maximal absorbance allowed calculating the molar electronic .,ncentration. The length of the hydrophobic tail of the

transition energie;) of PIN in each one of the solvents used. alkyltrimethylammonium bromide surfactants affects some

Er values, expressed as-kibl™* were obtained from properties of the micelles; for example, a decrease in the length
increases the cmc, and the degree of micelle dissociation
max(NM) (5) decreases the micellar aggregation number and the thickness
of its Stern layer. As a result, the dodecyl chain micelles are
whereh is the Planck constant,is the vacuum light velocity, smaller and less compact and their Stern layers are more ionic
and N, is the Avogadro’s constant. Differences betwden than their cethyl (HTAB) chain counterpart.
values for PIN in water and in any of the organic solvents point ~ The interaction of micellar systems with PIN was studied at
out the variation in energy in the transference process from watera constant dye concentration (P0V) and at variable surfactant
to organic phase. The fact that such differences were alwaysconcentrations. In every case, the ratio surfactant/dye was at
negative indicates that PIN solubilizes better in organic solvents least 1000. PIN may be adsorbed on the surface oriented near
than in water. the surface (short penetration) or may be trapped in the
To make the results for the solvents readily comparable, the hydrocarbon core (deep penetration). Moreover, the interaction
correspondinder were converted to a dimensionless, normalized (or solubilization) is a dynamic equilibrium process, and the

S on2+1

Previous to the study of the interaction of PIN with micellar
solutions, it was necessary to determine the critical micellar
concentration (cmc) of each surfactant and the aggregation

E; = hcNy/A,,, = 119.6x 1074

max~
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TABLE 2: Values of Several Parameters of the Micellar Systems Studied

surfactant

DTAB TTAB CTAB SDS TX-100
cmc/mM 15.50 3.89 0.89 8.00 0.27
parameters of N =59.61+ 0.0582F N = 74.05+ 0.1869F N = 105.40+ 0.4028H N =55.64+ 0.1187H 112

inear regression (r2=0.9917) (r2=0.9974) (r2=0.9969) (r2=0.9946)

Ka/1* M2 7.88 9.34 10.77 1117.45 418.99
Amid/nm 612.57 613.39 614.36 607.25 610.49
AisodNM 561.72 562.31 562.69 558.48 599.37
€isod LPM~-cm2 7.88 9.34 10.77 1117.45 418.99
Aldmadnm 13.51 14.33 15.30 8.19 11.43
Er/kJ-mol~?t 195.29 195.03 194.72 197.00 195.95
EN 0.08 0.02 —0.04 0.43 0.22
AG/kJmol* —22.23 —22.65 —23.00 —34.51 —32.08

acmc, critical micellar concentratiof,, association constantinic, wavelength in which the maximal amount of PIN is into the micellgs;
the isosbestic point obtained with the several micellar concentratigsthe molar absorptivity at the isosbestic poififimax shift of the wavelength
of maximal absorption of PIN in relation to the maximal absorption in wagr; molar electronic transition energﬁ‘, normalized molar
electronic transition energy; amiG, free energy change. The concentration of surfact&htjd expressed as mmol &

1.6 - TABLE 3: Amplitude (Molar Absorptivity) and Center
(Amax) Of the Bands Obtained from Gaussian Curve Fitting
Analysis of the Absorption Spectra of the PIN in Micelles
12 (Monomeric Form) and in Water (Monomeric and Dimeric
: _\ Forms)
(0]
:‘:; eM-lcml Ama/nM
£ 0.8 water
8 monomeric form
< band | 94 400 599.8
0.4 band Il 46 000 557.9
band IlI 12 500 509.9
" . dimeric form
04 #” Isosbestic Point band | 26 400 593.4
band Il 129 700 546.6
450 500 550 600 650 700 band Il 75 400 5220
Wavelength /nm
surfactants
Figure 4. Visible absorption spectrum of 1® M PIN in several DTAB
concentrations of TTAB (from 0.01 to 0.09 M) at 2&. band | 127 800 612.5
band Il 57 100 568.7
150 1 band Il 15400 534.1
TE TTAB
S 400 4 band | 131 100 614.0
s band Il 57 600 570.2
o band Il 15 800 536.5
= 90 A CTAB
2 band | 134 600 615.1
= band I 61 500 570.7
5 601 band IlII 15 200 533.8
§ SDS
s 30 4 band | 150 300 607.9
g band Il 62 300 564.6
band 1l 12 800 525.5
0 - »‘ TX-100
450 500 550 600 650 700| band | 148 600 611.2
band Il 63 900 567.5
Wavelength /nm band Il 14 000 528.8

Figure 5. Deconvolution of spectrum of PIN (1®M) in micelles of .
TTAB. Deconvolution was performed assuming a logarithmic-normal the red, but then the corresponding absorbance decreased. A

profile of the spectrum. sharp isosbestic point at 562430.2 nm withe = 43.5 x 10°
M~1 cm~t was found; it points to an equilibrium between two

solubilizate may spend different residence times at different spectrophotometrically distinguishable states of PIN, namely,
levels between the core and the surface. Figure 4 presents thé®IN in bulk water and in the micellar pseudo ph&s8imilar
absorption spectra of PIN in micelles of TTAB at surfactant behavior was observed with the other four surfactants. Values
concentrations ranging from 0 (PIN dissolved in water) to 0.09 of the remaining isosbestic points and the associated molar
M. The absorption of the most red-shifted peak increased whenabsorptivity are displayed in Table 2. The shift to the red
the surfactant concentration increased to 0.04. Above this, theassociated with PIN on addition of surfactants and enhancement
absorption seemed to have reached a maximum. The increasef absorbance indicates the passage of the chromophore from
in absorbance values at increasing surfactant concentrationgolar aqueous medium to a relatively nonpolar site in micellar
indicates that a larger number of the dye molecules are takenenvironment. Deconvolution of each one of these spectra
up by TTAB micelles. Concomitant to this hyperchromic effect, afforded three Gaussian bands (Figure 5), which sum recon-
the surfactant-dye interaction resulted in a bathochromic shift structed the original spectrum. Table 3 displays the values of
of the highest band. The lower peak also underwent a shift to the wavelength of maximal absorption and molar absorptivity
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614 Because dye molecules are distributed between bulk solvent
and micellar phases, the corresponding equilibrium is given by
611 the micelle association constaitt,, which is calculated from
£ the following equatior?*
c
< 608 i —2
g /lobs_ ;Lw + % (10)
2 605
2 Ka(M)"
602
whereops is the wavelength of maximal absorption observed
599 . . . at a micellar concentratioh); 1,, andAmic are the wavelengths
of maximal absorption of PIN in the absence of surfactant and
0 0.0005 0.001 0.0015 X o .
when the maximal amount of PIN is into the micelles,
[MIC] /M respectively; andh is the number of monomers of the dye

Figure 6. Variation of the wavelength of maximal absorption as a gssociated with the micelle.
function of micellar_ co_ncentration for_ negative (SD§, positive A nonlinear curve fitting ofieps Vs M afforded the values of
(DTAB, #) and nonionic (TX-1000) micelles. the association constant and thg.. The value ofn was in all
of the casesv1,; this corroborated that the maximum number
of dye molecules that each micelle can accommodate is one.
Table 2 shows the values of the association constant and the
wavelength at which the maximal amount of PIN is into the
micelles. The extremely high value of the association constant
_S—cmc (8) obtained from the interaction of SDS micelles and PIN allows
N us to anticipate that, in the presence of these micelles, the
. . . majority of the PIN present will be associated. The binding
whereSis the surfactant concentration aNds the aggregation  yroperties of the cationic dyes are of intrinsic interest because
number. . . their binding to SDS has both an electrostatic and a hydrophobic
The variation of the wavelength of maximal absorption as a component. The Menger micelle model predicts the distribution
function of micelle concentratiorM, is displayed in Figure 6. of cationic dye in a large region surrounding the relatively small

For simplification, only curve achieved with DTAB, as example  hyqrophobic coréS In cationic micelles, thi, value increases
of cationic micelles, is shown, but the interaction with the other ity increasing chain length.

cationic micelles followed similar trends. We can observe a  \/g)yes of Amic made it possible to determine the shift of
different behavior depending on the kind of micelle. Negative \yayelength in relation to the water and, from this, to calculate
micelles reached the maximal wavelength shift; that means thatihe molar and the normalized electronic transition energies of
the interaction was complete at a very low micellar concentra- pj\ in the micellar systems. On the other hand, the association
tion. In this case the driving forces are both hydrophobic and -qonstant afforded the free energy chang&(= —RTIn Ka;
Coulombic interactions between the negative micelle and the Tapje 2). Concerning this last parameter, negative valuasof
positive dye. This interaction was strong even at submicellar hyint out the spontaneity of the micellization of the dye.
surfact_ant concentrations (data not shown), _because of the' opce theKa value is known, it is possible to calculate the
formation of ion pairs between the monomeric dye and the fraction of micellized fnic) and nonmicellizedfg) PIN from
molecule of SDS. Nonionic micelles interacted also at low

micellar concentrations. It has been suggested that the interaction KA[M]

of the bands for each surfactant. As stated elsewhere, PIN
incorporates into a micelle as a monorker.
The concentration of micelle$/, is obtained from

M

between a cationic dye and nonionic micelles is a charge-transfer fric = 1Tr KMl (11)
interaction?? In this case, the poly(ethylene oxide) residues of aMI

TX-100 are more favorable for the location of a dye cation, 1

because they act as electron donors. The characteristics of the fy=7"7"—7 (12)
interaction of DTAB and the other cationic micelles were 1+ KaM]

different. The shift of wavelength was gradual, and at the highest .
micellar concentrations used, the maximal value was still not "eSPectively.

achieved. It is claimed that PIN interacts with cationic micelles _ | "€ values of micellar fraction of PIN are listed in Table 4.
by means of the attraction of the noncharged aromatic quino- The nonmicellized PIN is the amount of dye molecules present

cyanine ring present in the dye with the cationic headgroups of N the bulk solution, in a proportion between monomers and

these surfactants on the micellar surface, that is, by means of gJimers that can be determined by the dimerization conskant,

cation— interactiont® Values of f,ic are well correlated with the molar electronic

As said above, PIN incorporates into the micelle as a transition energies (> 0.994 for any micellar system).

monomer. Now, it is plausible to suppose the existence of a | "€ hydrophobic group present in the PIN molecules is able
new equilibrium to pull the molecule to the hydrophobic core of a micelle.

Because of this pulling effect, the hydrophilic part of the
Ko K, molecule is localized at various regions of the micelles. To know
dimer<— monomer (bulky—monomer (micellar) (9)  which is the environment of PIN in the micelles, or in other
words which is the location of micellar PIN, values of the
Therefore, the presence of micelles produces a shift to the right,wavenumber correspondingAgic were related to the refraction
and the conversion of monomer into dimers at increasing DTAB index by interpolating into the straight line displayed in Figure
(and other cationic surfactants) concentrations was less extensive. In this way, PIN experienced a refractive index of 1.463 in
than for nonionic and anionic surfactants. DTAB, of 1.474 in TTAB, of 1.494 in HTAB, of 1.375 in SDS,
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TABLE 4: Fraction of Micellized PIN at Various Micellar
Concentrations for the Five Surfactant Systems Studied

micellar conc/ fiic
M 103 DTAB TTAB CTAB SDS TX-100
0.0005 0.462
0.0010 0.732
0.0020 0.866
0.0040 0.933
0.0080 0.967
0.0085 0.908
0.0090 0.952
0.0100 0.429 0.473 0.975 0.973
0.0200 0.368 0.659 0.645 0.996 0.987
0.0300 0.651 0.754 0.727 0.998 0.991
0.0400 0.757 0.805 0.776 0.998 0.993
0.0500 0.813 0.838 0.808 0.999 0.995
0.0600 0.847 0.860 0.831 0.999 0.996
0.0700 0.871 0.876 0.848 0.999 0.996
0.0800 0.888 0.889 0.861 0.999 0.997
0.0900 0.900 0.898 0.871 0.999 0.997
150 ~
CTAB —»

"e 120 4

©

=

% 9071 |sosbestic Point

>

= 60

a

8 30

0 T T T T 1
450 500 550 600 650 700
Wavelength /nm

Figure 7. Spectra of PIN in cationic micelles: CTAB (upper spectrum),
TTAB (middle spectrum), and DTAB (lower spectrum).

and of 1.427 in TX-100 micelles. Thus, the immediate micro-
environment of the chromophore of PIN in SDS micelles is
midway between 1-propanol and ethanol. In nonanionic mi-
celles, PIN is in a l-octanol-like environment. The more
hydrophobic location is assigned to cationic micelles in which
PIN finds a medium that ranges from chloroform to DMSO.

That means that PIN is incorporated near the dry core of the

micelle.

Sabateand Estelrich

maximal absorption was also related with the headgroup:
cationic > nonionic> anionic (Table 2). However, the hyper-

chromic effect undergone by the highest peak was bigger in
anionic micelles than in nonionic and cationic ones (Table 3).

4. Summary

The results presented in this study have shown that the
transfer of pinacyanol from bulk water to organic phases or
micellar systems affects its spectral properties leading to
bathochromic shifts of the main spectral peaks. Such shifts were
interpreted as the passage of the dye chromophore from a polar
aqueous medium to a relatively nonpolar site in the micellar
environment. The presence of a sharp isosbestic point indicated
an equilibrium between two spectrophotometrically distinguish-
able states of PIN, namely, PIN in bulk water and in micellar
pseudophase. Negative micelles produced the maximal interac-
tion, and, in this case, the driving forces were both hydrophobic
and Coulombic interactions. The interaction of the dye with
positive micelles was interpreted as a catianinteraction.
Finally, the interaction with nonionic micelles was thought to
be a charge transfer, because the poly(ethylene oxide) residues
can easily act as electron donors. Changes in the wavelength
of maximal absorption of PIN as a function of micellar
concentration allowed us to quantify this interaction by means
of the association constants. The extremely high value of the
association constant of PIN to SDS micelles permitted us to
affirm that the dye was almost completely associated to micelles.
On the other hand, the results showed that the number of dye
molecules that each micelle can accommodate was one. The
location of PIN into the micelles depends on the hydrocarbone
chain as well as on the surfactant headgroup.
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