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Fluorescence studies on mixed micelles of ionic-nonionic surfactants
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Fluorescence properties of ionic dyes using oppositely charged non-fluorescent dyes as quench-
ers in mixed surfactant of ionic-nonionic systems have been investigated. Cationic dye safranin 0
and anionic dye eosin Yare used as probes; bromocresol green, thymol blue and bromothymol blue
are used as quenchers for safranin 0, and crystal violet, toluidine blue and methylene blue are used
as quenchers for eosin Y. The fluorescence characteristics in mixed micellar media of ionic and non-
ionic surfactants CTAB, CpCI, SDS, AOT, Triton X-lOO, Tween 20, and Brij 35 have been studied.
The variations in the physico-chemical parameters. viz., erne, aggregation numberin), binding constant
between the quencher and the probe (K,,). occupancy number of the quencher in the micelles (fi), the
binding constant of the quencher with the micelle (K) in such interactions have been evaluated using
suitable equations and the properties have been explained in terms of the micellar structures.

Surfactants possess unique property of self-aggre-
gation in solvents due to the amphiphilic nature
of their molecular structures I. These are the vital
components in biological systems. Cell-mem-
branes owe their structures to the aggregation of
surfactants known as lipids. There are many other
examples of naturally occurring surfactants that
playa vital role in living organisms+', Surfactants
also form key ingredients in consumer products
and play an important role in many industrial
processes". All these are possible only because
they can self-aggregate into species namely, mi-
celles, vesicles, bilayers and liquid crystals, etc.

In most of the practical applications, well-chos-
en mixtures of different surfactants are made to
yield better performances which are unattainable
by the use of a single surfactant. Critical micelle
concentration, surface charge density, aggregation
number and several other physico-chemical par-
ameters can be varied over a wide range by
changing the composition of the two surfactants
(particularly, ionic and nonionic). Worldwide con-
sumption of mixed surfactant systems in different
formulated products like cleansing detergents,
dye-stuff, mineral processors, pharmaceuticals
etc., are ever increasing", This has encouraged us
to study surfactant aggregation of mixed surfact-
ant systems, particularly of ionic and nonionic
surfactants.

Materials and Methods
The following surfactants were used in the

present investigation: Cationic: cetyltrimethylam-
monium bromide (CTAB), cetylpyridinium chlo-
ride (CpCl); anionic: sodium dodecylsulphate
(SDS), sodium dioctylsulphosuccinate (AOT); and
nonionic: polyoxyethyleneglycol- tert-
octylphenylether (Triton X-IOO, TX-IOO), polyox-
yethylenesorbitan monolaurate (Tween 20, T 20)
and polyoxyethylene (23)lauryl ether (Brij 35, B
35)

The following cationic and anionic dyes were
used during the present work: Cationic:safranin 0
(SO, fluorescent), crystal violet (CV), toluidine
blue (TB), and methylene blue (MB) (all nonfluor-
escent); and anionic:eosin Y (EY, fluorescent),
bromocresol green (BG), thymol blue (ThyB) and
bromothymol blue(BThyB) (all nonfluorescent).

All the surfactants were purchased from E.
Merck, Germany and the dyes were Sigma pro-
ducts.

All the ionic surfactants were purified by rec-
rystallization from appropriate water/methanol
mixtures after which they have been dried under
vacuum. Purity was finally checked by their con-
ductivity in aqueous medium. Nonionic surfact-
ants were purified by partitioning them between
water and chloroform. Thin layer chromatography
of the purified samples with water-saturated buta-
nol as the mobile phase indicated the absence of
free polyethylene glycols". Dyes were used as
such without further purification.

Fluorescent dyes were used as probes in micel-
lar media. Anionic dye eosin Y was used as a



PANDA et al: FLUORESCENCE STUDIES OF IONIC-NON IONIC SURFACTANT MICELLES

probe for cationic-nonionic surfactant systems be-
cause this dye interacts well with cationic-nonion-
ic surfactant systems ..For a similar reason, safran-
in a was used as a probe for anionic-nonionic
surfactant mixtures.

Eosin Y has an emission peak (Aem)around 550
nm. Any nonfluorescent dye, having its absorp-
tion maxima (Am.x)around the emission peak of
EY(Aem),if mixed with EY, there will be a quench-
ing of EY induced by the latter dye". This princi-
ple was employed in fluorescence quenching stud-
ies. Successively, three cationic dyes, crystal vio-
let, (Am•x, 578 nm; Emax,5800 mol-l.m2), toluidine
blue (Amax>625 nm; Emax,4200 mol- l.m2) and
methylene blue (Am.x> 660 nm; Ema., 4200
mol r l.m-) were used as quenchers for the dye
EY. Similar reason was therein using bromocre-
sol green (Ama•• 612 nm;.Em.x' 4560 molr I.m"),
thymol blue (Am., 595 nm; Em•x,5600 mol t l.m")
and bromo thymol blue (Am•x,615 nm; Em•x,3300
mol=t.m") as quenchers for the cationic dye SO.
Pure EY has the value of molar absorption coeffi-
cient Emax,7800 mol- l.m2 while that of SO is
3700 mol= t.m? in water.

Stock solutions of the surfactants and dyes were
prepared in doubly distilled water and kept at
4°C in the dark. Dye stock solutions were always
prepared afresh although they could be used for a
week.

Surfactant concentration was varied within
10 - 5-10- 2 (A1) while the concentration of the
probe was kept fixed at 1O-5(M). Quencher con-
centrations (i.e., nonfluorescent dye concentration)
were varied within 10- 5 - 10- 4 (M).

Absorbance of the solutions were measured at
400-700 nm employing a Milton Roy Spectronic
21D spectrophotometer.

Fluorescence spectra were taken at 400-700
nm in a Shimadzu-RF 5000 spectrofluoropho-
tometer. Eosin Y was excited at 455 nm (Aex),
while safranin 0 was excited at 490 nm, Fluor-
escence intensities of the solutions containing the
probes were taken only at the emission peak of
the probe in micellar media (surfactant concentra-

IH5

tion 10 - 2 M).
All experiments were performed at 25°C.

Results and Discussion
Critical micelle concentration (erne) for pure as

well as mixed surfactant systems were determined
by dye incorporation technique using fluorescence
spectroscopy. For cationic-nonionic surfactants
the anionic dye EY was used while the cationic
dye SO was used for anionic-nonionic surfactant
systems. The fluorescence intensity (FI) of the
surfactant-dye solution at different surfactant con-
centration, [S), was measured and cmc was deter-
mined from the break point of the plot of I/FI
versus 1/[S]. The cmc values were also calculated
for the mixed surfactant systems using Clint equa-
tion ':

1 (1- x2) X2
--= +--
erne, cmc erne,

.. , (1)

where, cmc is cmc of mixed surfactant system,
cmc I' that of ionic surfactant, erne, that of non-
ionic surfactant and x2 is molefraction of the non-
ionic surfactant

Some of the observed and calculated values of
cmc are given in Table 1. In all the cases, they
were found to be quite comparable. Effect of ad-
dition of nonionic surfactants on the cmc of
mixed surfactant systems is shown in Fig. 1. The
value of cmc of the mixed surfactants decreased
with increase in molefraction of the nonionic sur-
factants (x2). The decrease is very sharp in the be-
ginning, then it decreased gradually up to x2 "" 0.5
beyond which the cmc values remained almost
constant till it attained the values of pure nonionic
surfactants.

Static fluorescence quenching studies were suc-
cessfully performed using nonfluorescent dyes
(oppositely charged compared to the probes used)
as quenchers to, study the quenching phenomena
of fluorescent dyes in different micellar systems. It
is expected that in the case of a mixture of two
different dyes, if a good overlap exists between

Table I-Variation of the critical micelle concentration with the mole. fraction of nonionic surfactant (X2)
cmc(nM)

0.4

0.25(0.36)
0.32(0.38)
0.28(0.49)
0.38(0.44)

Surf. Mixture x 2 = 0.0

0.80(0.80)
0.90(0.90)

8.0(8.2)
2.4(2.4)

0.2

0.39(0.50)
0.47(0.53)
0.52(0.91 )
0.86(0.75)

CTAB/TX-IOO
CpCIITX-I00
SDS/TX-lOO
AOT/TX-IOO

0.5

0.23(0.32)
0.27(0.33)
0.26(0.39)
0.33(0.37)

0.6

0.22(0.29)
0.25(0.29)
0.25(0.33)
0.27(0.32)

0.8

0.20(0.24)
0.22(0.24)
0.21(0.25)
0.22(0.24)

1.0

0.20(0.20)

Values within parentheses indicate calculated values according to Clint. et at.
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Fig. I-Variation of cmc of mixed surfactarus with the mole-
fraction of nonionic surfactant (Xl)' ., 10nic-TX-lOO; &, 10-

nicT 20; ., lonic-B 35

the emission spectrum of one dye(probe) with the
absorption spectrum of another dye (quencher),
then different energy transfers from the probe to
the quencher would usually occur leading to a
very efficient quenching". Accordingly, three non-
fluorescent cationic dyes, crystal violet, toluidine
blue and methylene blue, were chosen as quench-
ers for the probe eosin Y; three anionic dyes
bromocresol green, thymol blue and bromothymol
blue were used as quenchers for the probe safran-
in O. These were selected from the absorbance
and fluorescence spectra of the dyes in the micel-
lar media. Quenching efficiency was found to de-
crease with increasing surfactant concentration,
[S]. This was due to the fact that the probability
of finding the quencher and the probe in the same
micelle was reduced with increasing[S]. This led to
the decreasing value of quenching efficiency as re-
vealed from Stern-Volmer plots of Fol F versus
[0], where Fa and F are fluorescence intensity of
the probe in absence and presence of the quench-
er, [0] being the quencher concentration. Figure 2
shows the plots of Fol F versus [0] at different
concentrations of the surfactant. There were two
linear portions of the curve in Fig. 2 of which the
initial one indicated Stern-Volmer type quenching
making unit intercept on the Fol Faxis. The va-
lues of Ksv were, therefore, evaluated from the

8·0 r--------~

0-0 1·0 2-0 3-0 4·0
[Ql Xl05 ,mol. d,;J

Fig. 2-Stern-Volmer plots for the quenching of safranin 0 by
bromocresol green in different concentrations of SDS.

lSDSj=., lO.O mM; &, 15.0 mMand., 20.0 mM

slope of initial linear line. The deviations ob-
served at higher [Q] values were not unexpected.
They might have occurred due to either associa-
tion of the quencher with the fluorescer or the
self association of the quencher molecules. Fluor-
escencc intensity was measured for the probe SO
in the presence of the quencher BG at 10.0 mM,
15.0 mM, and 20.0 mM SOS surfactant solution.
The calculated value of K sv decreased from 11.00
x 104 mol= I.dm' to 5.50 x 104 mol= t.dm ' when
SOS concentration was increased form 10.0 mM
to 20.0 mM. Similar effects were observed in all
the other cases when different surfactants,
quenchers and probes were used.

The variations of K sv in mixed micellar media
at different molefractions of the nonionic surfact-
ant were studied using different sets of cationic-
nonionic and anionic-nonionic surfactants; differ-
ent probes and quenchers were used in this set of
experiments. Some of the results are shown in
fable 2. It was observed that the values of K sv

did not change significantly up to x2 Z 0.5 in the
case of cationic-nonionic mixed surfactant sys-
tems. However, beyond this value of x2, Ksv in-
creased to a large extent. At initial stages (X2 <
0.5), addition of nonionic surfactant to the ionic'
one made non-ideal mixing and destabilized the
mixed micellar structures. In such systems the av-
erage aggregation number of the mixed micelles
did not change significantly. Therefore, the values
of K sv also did not change appreciably. Almost si-
milar effects were observed also in the case of an-
ionic-nonionic systems except that K sv decreased
significantly at initial stages when surfactant B 35
was used.

Binding constnat of the quencher with the mi-
celle (K) can be expressed as:

K = [Q]micI[QLter x [rnic] ... (2)
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Table 2-Variation of K" with the mole fraction of nonionic sur-
factant (Xl)

[SI=1O 2 (M(exception [SI=2.0XlO-2(M)

Surf. mixture x2=0.0 0.2 0.4 0.5 0.6 0.8 1.0
CTAB/TX- K" x 10 -. mol Tdm '

100 7.45 7.41 7.58 7.64 7.50 8.53 14.25
CTAB/T 20 R.R2 9.11 9.75 9.75 9.R9 13.73
CTAH/35 R.36 1).46 1).11 8.14 10.17 10.40

CpCIITX-
100 9.28 9.86 10.09 9.62 8.60 10.23

,..,
E

CpCIIT 20 R.96 11.59 10.116 9.911 9,911 1J..
CpCI/B 35 * 7.03 8.41) 7.1)7 1).06 1).52 0

E
SDS/TX-100 5.85 7.00 6.50 5.25 6.50 5.75 8.87 .:
SDS/T 20 6.62 5.77 7.39 5.66 5.95 5.19

,., .
'0

SDS/B 35 1.74 1.53 1.911 2.66 3.82 3.75
AOT/TX-

100 6.23 5.29 5.32 5.40 6.02 5.67
AOT/T 20 5.58 5.88 5.04 6.35 7.73
AOT/B 35 1.48 1.61 I.RI) 1.69 4.29

For cationic/nonionic surfactant : probe-eosin Y. quencher-crys-
tal violet; anionic/nonionic surfactant: probe-safranin 0,
quencher-brornocresol green.

rT

AB

1
15 'I!l ~I

'~)J J
SDS

100

•

CpCI

Fig. 4- Variation of the binding constant between quencher
and micelle( K) with the molefraction of the nonionic surfact-
ant (x2). For CTAB and CpCI: quencher, CV and probe, EY.
For SDS and AOT: quencher, BG and probe, SO ., Ionic-

TX-lOO; .•. , IonicT 20; ., Ionic-B 35

K can be related to the averag~ occupancy
number (fi) of the quencher per micelle by the fol-
lowing equation of Encinas and Lissi", modified
by Gehlen et al".

[Qh=iil K+ii[Mic] ... (3)

[Qh is the value of [0] required to attain a
fixed value of [F;/ F) at different micellar con-
centrations. By plotting [Oh versus [mic], values
of both fi and K were obtained from the slope
and intercept of the linear lines. Effect of the ad-
dition of nonionic surfactants to ionic surfactants
on these parameters are shown in Figs 3 and 4. It
was observed that the variations in the values of ii
and K were not so regular up to the value of
Xz z 0.5. However, after this value of x2 , the va-
lues of fi and K increased in all the cases.

Fluorescence data were treated according to ex-
pression (4) to determine the micellar aggregation
number 10 (n)

50S AOT

,,:

00 1·0 0'0 1-0

Fig. 3-Variation of the occupancy number (il) of the quench-
er per micelle with the molefraction of nonionic surfactant
(x2). For CTAB and CpCl: quencher, CV and probe, EY. For
SDS and AOT: quencher, BG and probe, SO ., Ionic-Tx-

100; .•. , IonicT 20; ., Ionic-B 35
In (F;/ F)= n[Q]I[S] ... (4)

where, [O]mic = quencher concentration in micellar
media,
[Olvater = quencher concentration in water, and
[mic] = micellar concentration.

Keeping [S] at 1O-2(M), the values of F were mea-
sured at different quencher concentrations. This
procedure of determining micellar aggregation
number (from the plots of In (F;/ F) versus [0]),
however, yielded much higher. values compared to
the values obtained by other techniques for pure
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Table 3-Aggregation number of surfactants using different quenchers

Surfactants Probe AL'111 (nm) Cationic quenchers Anionic quenchers Reported
values '".11

('V TA MB ThB BG B 1h\B
A 480 258 145 56

CTAB EY 547
B 55 54 44
A 611 344 164

CpC! EY 552
B 60 68 48
A 305 257 169

SDS SO 561 50
B 53 53 51
A 198 156 175

AOT SO 549
B 47 40 58
A 712 311 224

EY 554
B 127 119 128

TX 100 439 383 156 140
SO 564 140 141) 140

A 582 282 164
EY 557

B 90 103 91
T 20 1)0

A 289 271 159
SO 536

B 1)4 107 92
A 577 222 161

EY 554
B \03 85 92

B 35 A 286
SO 565

B 110
A: Values of n obtained using Eli: (4)
8: Values of n obtained using Eq. (5)

surfactants!". Interestingly in the present investiga-
tion, observed values of n were found to depend
on: (i) wavelength difference (~J...) between the ab-
sorption peak of the quencher and the emission
peak of the probe in the micellar media; (ii) ratio
of the molar absorption coefficients of the anionic
and cationic dyes (s af e cl; and (iii) ratio of molar
charges (numerical) on surfactants (qJ and the
probe molecules (qp)'

Equation (4) was, therefore, suitably modified
on the basis of the experimentally observed re-
sults as:

The values of n of different surfactants using
the original and modified equation are given in
Table 3. The values obtained by the modified
equation (5) were found to be in good agreement
with the literature values'?-!'. In a similar way, n

values for mixed surfactant systems were also de-
termined. Results are shown in Fig. 5. The values
of n increased gradually with x 2 in the case of ca-
tionic-nonionic surfactant systems. The effects
were similar when TX - 100, T 20 or B 35 were
used. But in the case of anionic surfactants, the
effect of B 35 was significantly different. The va-
lue of n initially decreased, reached to a minimum
and then increased again sigmoidally. However,
TX-IOO or T 20 had similar effects as in the case
of CTAB and CpCl.

From the results discussed above it was ob-
served that in mixed micellar systems the values
of K sV' fi, K and n changed in an unusual way
with increase in mole fraction (x 2) of nonionic
surfactant up to x 2"'" 0.5, and beyond this value of
x 2' they changed more systematically. Ionic sur-
factants like CTAB, CpCl, SOS, AOT etc. have
smaller molecular size and lower aggregation
number compared to those of nonionic surfact-
ants. Hence, due to bigger head group and longer
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Fig. 5-Variation of aggregation number (n) of mixed micelles
with the mole fraction of nonionic surfactant (xz). e, Ionic-

TX-lOO; ., lonicT 20; ., lonic-B 35

hydrocarbon tail the nonionic surfactants cannot
co-reside inside the micelle of ionic surfactants
comfortably at initial stages. The addition of a
non ionic surfactant was, therefore, expected to
destabilize the mixed micellar structure indicating
nonideal mixing. But after a certain stage
(x2:::o 0.5) the system was reversed making it a
mixture of ionic surfactant in a nonionic one
where ionic surfactants could then co-reside with

the nonionic surfactant micelle in a favourable si-
tuation. In the present investigation, the observed
results followed sigmoidal variation of the par-
ameters with x2 only beyond the value of X2 :::0

0.5 in the mixed micellar system indicating ideal
mixing of the surfactants as expected in the hom-
ogeneous micelles.
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