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bstract

The effect of electrolytes on the interaction between an anionic dye and a cationic surfactant was investigated spectrophotometrically in
ubmicellar concentration range at certain temperature. The spectral change of the azo dye C.I. Reactive Orange 16 (RO16) exhibits a high
ensitivity to the polarity of dye’s environment. Dodecylpyridinium chloride (DPC) affects the electronic absorption spectra of dye solution
hat is dye–surfactant interaction results formation of complex and therefore a decrease in maximum absorption spectra (1.577 at 494 nm). The
lectrolyte cations cause an increase of the absorbance of DPC–RO16 ion-pair complex in the following order: Ca2+ > Na+ > NH4

+ > K+ > Mg2+,
lso for electrolyte anions Br− > Cl− > SO4

2−. Furthermore, this order can be changeable with increasing electrolyte concentration. The increase
n absorbance value with increasing electrolyte concentration is explained as charge screening. The increase or decrease on absorption spectra

f RO16–DPC solution depends on concentration range of the electrolyte added. As an increase on absorbance value with increasing electrolyte
oncentration is explained as charge screening, a decrease in this value for higher concentration of electrolyte is attributed as the charge of micelle
hape.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Dye–surfactant interactions are subjects of numerous inves-
igations. Surfactants are used as solubilizer for water insoluble
yes, to break down dye aggregates in order to accelerate absorp-
ion processes on fiber, as auxiliaries in most textile finishing
rocesses such as wetting dispersing, dyeing and finishing [1–5].
yes are extensively used in dyeing processes in textile industry
ut the majority of textile dyes belong to the structure class of
zo dyes. [6,7]. Different methods were used to investigate the
ye–surfactant interactions; potentiometry [8], conductometry
9,10], tensiometry [11], voltammetry [12], and other methods,
ut most widely used are spectroscopic methods [13–16].

Dye molecules with phenyl groups can adopt a planar struc-

ure and readily tend to form intermoleculer interaction that
acilitates permanent aggregation under some experimental con-
ition. The spectral change of the azo dye exhibits a consid-
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rable sensitivity to the polarity of the dye’s environment and
herefore spectrophotometry has been widely used to study the
omplexation equilibria between dye and surfactant in solution.
e have used this dependence of absorption wavelength on
icroenvironment to investigate the ion-pair complex formed

rom electrostatic interaction of cationic surfactant with anionic
ye in electrolytic solution. In the previous studies, by spec-
rophotometric method we were concerned with an anionic dye
RO16)–surfactants (anionic, cationic and non-ionic surfactants)
nteraction in mixture of ionic and non-ionic surfactants. We also
iscussed optimum conditions for surfactants and temperatures
sed in colour-fastness of anionic dye [17,18].

In the present paper, spectrophotometry was used to investi-
ate the effect of the kind and concentration of strong electrolytes
n the interaction of an anionic dye C.I. Reactive Orange 16
RO16) with a cationic surfactant dodecylpyridinium chloride
DPC) in aqueous submicellar solution at certain temperature

303 K). Surfactants are able to affect the electronic absorption
pectra of solution of many dyes. The interaction of RO16 with
PC results in decrease the maximum absorption spectra (1.577

t 494 nm). This decrease is due to the ion-pair complex formed
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vious one were performed, adding NaCl, NaBr, Na2SO4, KCl,
NH4Cl, MgCl2 and CaCl2. Fig. 3 shows that the influence of a
kind of inorganic cations (Na+, K+, NH4

+, Ca2+ and Mg2+) at
the 0.05 M concentration on absorption spectrum for solution of
6 H. Akbaş, Ç. Kartal / Spectroch

y the dye and the surfactant molecules. This complex is stable
t ambient temperature but become unstable with addition of
lectrolytes. The aim of the study reported here was to deter-
ine the influence of the kind and concentration of electrolyte

n the RO16–DPC interaction.

. Materials and method

.1. Anionic dye

C.I. Reactive azo dyes RO16 (commercial product, a gift
rom DyStar, İstanbul, Turkey) was used as received. It exhibits
maximum absorption band (1.577) at 494 nm and 298 K. Its

hemical structure is shown in Fig. 1. A stock solution of
.0 × 10−3 mol dm−3 RO16 was prepared dissolving in distilled
ater. The solution was stored under cold and dark conditions

nd the stability was checked by absorption spectra in the visible
egion.

.2. Cationic surfactant

Dodecylpyridinium chloride CH3(CH2)10CH2N+(CH)5Cl−
DPC) was supplied by Merck, re-crystallized from acetone
hree times and dried at 323 K in vacuum. The purity of the sur-
actant was checked by measuring that there was no minimum
n the surface tension versus surfactant concentration curve in
he vicinity of CMC.

.3. Electrolytes

As inorganic electrolytes, sodium chloride, bromide and sul-
hate, potassium chloride, bromide and sulphate, and calcium,
agnesium and ammonium chloride were used. All electrolytes
ere purchased from Merck and Aldrich and used as received.
Water used in the measurement was distilled twice from

ilute alkaline permanganate solution; its conductivity was
bout 1.0 × 10−6 �−1 cm−1 and the air/water tension was equal
o 71–72 mN m−1 at 298 K.

.4. Absorbance measurements and analyses
Absorption spectra over the range of 350–650 nm were
ecorded at 303 K on a Shimatzu UV-160 A spectrophotome-
er with a two quartz cells (10.0 mm in light pass length). While
urfactant concentration was chosen to bracket the CMC value

Fig. 1. Chemical structure of C.I. Reactive Orange 16.
F
a
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1.0 × 10−2 M), RO16 concentration in all cases was held con-
tant at (1.0 × 10−4 M).

. Results and discussion

The position of the long-wavelength absorption band of azo
yes is sensitive to medium effect; therefore they can be used as
olvatochromic micro polarity reporter molecules. The visible
bsorption spectrum of RO16 (1.0 × 10−4 mol dm−3) in aque-
us solution exhibits an absorption maximum at 494 nm at 298 K
s shown as Fig. 2. The dye molecules are able to form in solu-
ion aggregates and these aggregates will react with molecules of
urfactant to form the complex. Upon addition of dodecylpyri-
inium chloride to dye RO16, the UV–vis absorption spectrum
apidly decreases in intensity as shown Fig. 2. These spectral
hanges can be attributed to the formation of a complex between
ye and surfactant molecules [19]. The ion-pair complex of
ye and surfactant is likely arranged with an orientation of the
ydrophobic surfactant tail about the chromophore to effect a
artial replacement of the solvating water molecules [20]. It is
oncluded that loss in intensity of the UV–vis absorption spec-
ra results from the formation of insoluble complexes. These
omplexes are due to strong electrostatic interaction between
ulfonate groups of dye and head groups of cationic surfactant
nd short-range non-coulombic interaction, which are mainly
ydrophobic and disperse [21,22]. As both surfactant and dye
ossess an aromatic ring, �–� electronic interactions and Van
er Waals interactions can also be expected. In order to find
ut the effect of an electrolyte on the absorption spectra of
O16–DPC mixture system the experiments similar to the pre-
ig. 2. Absorption spectra of aqueous solutions only RO16, RO16 + DPC with
nd without electrolyte.
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ig. 3. Effect of electrolyte cations on the absorbance of RO16–DPC mixture
ystem.

O16–DPC mixture system. Upon addition of an electrolyte to
ixed solution of dye and surfactant induces screening of the

harge on dye and surfactant ions by electrolyte ions. There-
ore, the attraction of oppositely charged ions by electrostatic
orce diminishes. However, it is compensated to a great extent
y hydrophobic interaction. It is observed from Fig. 3 that the
lectrolyte cations cause a decrease on complex occurrence or
n increase in the absorbance of RO16–DPC ion-pair complex
n the lower electrolyte concentration (0.05 M) in the following
rder: Ca2+ > Na+ > NH4

+ > K+ > Mg2+. The decrease on com-
lex occurrence or an increase in the absorbance of RO16–DPC
on-pair complex may be due to less stronger interaction between
ye and surfactant. We note that the Na+ ion is smaller than the
+ ion and the NH4

+ and K+ ions are less hydrated than the
a+ ions. Therefore, the NH4

+ and K+ charges are less screened
han the Na+ charges. The diameters of Ca2+ and Na+ are almost
dentical but Ca2+ is more heavily hydrated than Na+. The Mg2+

ons are the best hydrated among the ions studied here but their
ffective ionic charge is the greatest. Therefore, according to
he effective ionic charge, cations cause a decrease on complex
ccurrence in above order. The effective ionic charge of K+ and
g2+ is the greatest from among the cations studied and there-

ore, cationic effect on complex occurrence appears at very low
lectrolyte concentration. As seen from Fig. 6, in the presence of
otassium and magnesium electrolytes, the value of absorbance
ecrease especially drastically in comparison with the decrease

n absorbance in the presence of sodium electrolyte at 0.01 M
lectrolyte concentration.

Also Fig. 4 shows that the influence of a kind of inor-
anic anions (Cl−, Br− and SO4

2−) on absorption spectrum

i
i
a
r

ig. 4. Effect of electrolyte anions on the absorbance of RO16–DPC mixture
ystem.

or solution dye–surfactant with 0.05 M electrolyte concentra-
ion. The electrolyte anions have a much smaller effect on
bsorbance values than the cation’s effect and this effect is
hown in the lower electrolyte concentrations in the following
rder: Br− > Cl− > SO4

2−. This order may be changeable in the
igher concentration (Br− = Cl− > SO4

2− at 0.10 M concentra-
ion). The difference in solution properties of Br− and Cl− is
hat Cl− counterions are more hydrated. The observed micellar
rowth is significantly different for NaCl and NaBr that is the
ature of the condensation of counterions on the micellar surface
s different for Cl− and Br− [23]. The counterion concentra-
ion is more effective to neutralize the charge on the micellar
urface when the hydrated size is small. The Br− anions have
uch larger affinity to the interface than Cl− anions that can

e explained in terms of a larger repulsion of chloride anions
rom the interface due to their excess polarizability [24]. This is
n agreement with our observations. In the presence of divalent
O4

2− counterions, the loss in intensity of the UV–vis absorp-
ion spectra is highest because SO4

2− counterions neutralize the
urface charge of adsorbed surfactant head group more effec-
ively than monovalent counterion.

The effect of ionic strength of the solutions on the absorp-
ion spectra of RO16–DPC was studied in detail with whole
lectrolytes at different concentrations (0.01, 0.05, 0.1, 0.3 and
.5 M) and this effect is shown in Fig. 5 only for NaCl solu-
ions. It can be seen from the figure, as the absorbance value is
ncreasing at the lower ionic strength, this values are decreas-

ng at higher concentration. That is, the increase or decrease on
bsorption spectra of RO16–DPC depends on the concentration
ange of the electrolyte added. For sodium electrolyte, the value
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ig. 5. Effect of the NaCl concentration on the absorbance of RO16–DPC mix-
ure system.

f absorbance at first increased, reached a maximum and then
ecreased. The increase on absorbance value with increasing
lectrolyte concentration can be explained either by increased
harge screening [25] or by micelle growth in the presence of
he electrolyte added. Such a growth of micelles would result

n decrease in the micelle charge density and, consequently, the
iberation of counterion. A decrease in this value for higher con-
entration of sodium electrolyte is attributed as the change of
icelle shape. The micelles formed at the CMC are spherical.

ig. 6. Effect of the different electrolyte concentrations on the absorbance of
O16–DPC mixture system.
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ith increasing concentration or ionic strength of micellar solu-
ions, micelle shapes are changed. Micelles usually grow along
ne of the axial direction of the micelles. The growths of the
icelles along other two axial directions is restricted by the

ength of the surfactant molecule to avoid the energetically unfa-
orable any empty space or water penetration inside the micelle
26,27]. A decrease in absorbance value observed for higher
oncentration of sodium electrolyte precedes micelle transition
rom the spherical forms to rodlike ones, which according to
ef. [28] takes place at 0.4 mol dm3 Na+ ions.

Fig. 6 represents the effect of electrolytes studied on the
bsorbance of RO16–DPC with increasing electrolyte concen-
rations. As seen from the figure, the greatest effect on the
bsorbance change is presence for calcium electrolyte. Also,
he minimum effect on the absorbance change appears for sul-
hate anions. Consequently, these results indicate that elec-
rostatic effects are important in the interaction of anionic
ye (RO16)–cationic surfactant (DPC). The effect of kind
nd concentration of electrolytes added causes changes on the
bsorbance of complex, which occurred due to effect between
nionic dye and cationic surfactant.

. Conclusion

Very strong synergism in mixed micelle formation exists in
he anionic dye–cationic surfactant system investigated. The for-

ation of the dye–surfactant complex is consequence of mutual
nfluences of long-range and short-range interaction. It is con-
luded that loss intensity of the UV–vis absorption spectra
esults from the formation of insoluble complex, due to strong
lectrostatic interactions between sulphate groups of dye and
ead group of surfactant. The electrolyte anions and cations
ause a change in the UV–vis absorption spectra. The changes
f absorbance of ion-pair complex have shown to depend on the
ind and concentration of the electrolyte added. The electrolyte
ations cause an increase on the absorbance values of complex
n the following order: Ca2+ > Na+ > NH4

+ > K+ > Mg2+, also for
lectrolyte anions Br− > Cl− > SO4

2−. Further more, this order
an be changeable with increasing electrolyte concentration.
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