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Dissociation equilibria of 4-(2-pyridylazo) resorcinol (PAR) in aqueous micellar solutions were de-

termined spectrophotometrically at 25 °C and at the constant ionic strength I = 0.1 M KNO3. For this pur-

pose, the effect of nonionic (Brij-35, Triton X-100, Triton X-114, Triton X-405), and anionic (SDS) sur-

factants on the absorption spectra of PAR at different pH values was studied. Results show that the pKa val-

ues and pure spectra of each species of PAR are influenced by percentages of a neutral and an anionic

surfactant such as Brij-35, Triton X-100, Triton X-114, Triton X-405 and SDS, respectively, added to the

solution of this reagent.

Keywords: Acidity constant; PAR; Anionic surfactant; Neutral surfactant; DATAN; Spectro-

photometric.

INTRODUCTION

Aqueous micellar media are widely used in different

areas of analytical chemistry, and several reviews concern-

ing their analytical applications have been published.1-4

One important property of micelles is their ability to solu-

bilize a wide variety of compounds which are insoluble or

slightly soluble in water. The incorporation of a solute into

micellar systems can lead to important changes in its mo-

lecular properties. Another important effect of micellar

systems is that they can modify reaction rates and, to some

extent, the nature of the products. Micelles can inhibit or

accelerate reaction rates (by up to several orders of magni-

tude) and also shift equilibria (acid-base). Surfactants usu-

ally affect spectral parameters: the intensity in the absorp-

tion bands can be increased and shifts in the absorption

maxima of reagents are observed.5 Micelles can affect the

apparent pKa values of the reagents due to a combination of

electrostatic and microenviromental effects of the micelle.6

Moreover, the acid-base equilibria involved in these sys-

tems are also influenced by surfactants.7-10

Acid dissociation constants (i.e. pKa values) can be a

key parameter for understanding and quantifying chemical

phenomena such as reaction rates, biological activity, bio-

logical uptake, biological transport and environmental

fate.11 There have been several methods for the determina-

tion of acidity constants, including the use of potentiome-

tric titration, spectrophotometry, capillary electrophoresis,

and so on. Spectroscopic methods are in general highly sen-

sitive and as such are suitable for studying chemical equi-

libria in solution. When the components involved in the

chemical equilibrium have distinct spectral responses, their

concentrations can be measured directly, and the determi-

nation of the equilibrium constant is simple.12

For many systems, particularly those with similar

components, this is not the case, and these have been diffi-

cult to analyze. Therefore, to overcome this problem we

have to employ graphical and computational methods. Up

to the middle of the 1960s, the evaluation of equilibrium

measurements was based on different graphical methods.

These methods were reviewed in considerable detail by

Rossotti and Rossotti.13 Starting from the middle of the

1960s, computers acquired ever-greater importance in the

evaluation of equilibrium measurement data using multiple

wavelengths or full spectrum to determining the stability

and acidity constants. The most relevant reports are on

SPECFIT,14 SQUAD15 and HYPERQUAD.16 All these

computational approaches are based on an initial proposal

of a chemical equilibrium model defining species stoichi-

ometries and based on mass-action law and mass balance
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equations (hard modeling methods) and also involve least-

squares curve-fitting procedures. The starting point of us-

ing soft modeling was in 1971 when Lawton and Sylvestre17

introduced a chemometrics-based method for spectral anal-

ysis. These approaches are free from the restriction of the

mass-action law and do not require an initial model of spe-

cies to be set up.

Data analysis was carried out by the DATAN package

developed by the Kubista group,18-20 called the physical

constraints approach, which provides a unique solution by

requiring that the calculated concentrations obey an as-

sumed equilibrium expression and demonstrates its appli-

cability by determining the acidity constants of two and

four protolytic forms of fluorescein. A possible advantage

of the Kubista et al. method is that it mixes a soft modeling

approach with a hard modeling approach. This might be

best and a more general strategy, since it can handle differ-

ent situations, with only a partial knowledge of the chemis-

try of the system. The physical constraints method calcu-

lates spectral profiles, concentrations and equilibrium con-

stants by utilizing equilibrium expressions that relate the

components. The theory and application of the physical

constraints method has been discussed by several work-

ers.21-30

In this study, we applied the physical constraints ap-

proach to determine the acidity constants of 4-(2-pyridyl-

azo) resorcinol (PAR) (Scheme I) in water, water-Brij-35,

water-Triton X-100, water-Triton X-114, water-triton X-

405 and water-SDS micellar media solutions at 25 �C and

an ionic strength of 0.1 M spectrophotometrically. The ef-

fects of different surfactants were studied on the dissocia-

tion constants and pure spectrum of 4-(2-pyridylazo) resor-

cinol. The analysis is readily performed with the computer

program DATAN.31

EXPERIMENTAL

Reagents

Analytical grade PAR, Brij-35, Triton X-100, Triton

X-114, Triton X-405, SDS, hydrochloric acid, sodium hy-

droxide and sodium perchlorate were commercial products

from Merck. These reagents were used without further pu-

rification. Standard stock solution of 1.0 � 10-4 M of PAR

was prepared by dissolving appropriate amounts of PAR

in water. The stock solutions of surfactants prepared by

dissolving weighed amounts of surfactants in appropriate

amounts of water. All the solutions were prepared in de-

ionized water.

Apparatus

Absorption spectra were measured on an Agilent

8453 UV-Visible Diode-Array spectrophotometer with a

thermostated cell holder equipped with a 1-cm path length

quartz cell used for UV-Vis spectra acquisition. Spectra

were acquired between 360 and 540 nm. All spectrophoto-

metric measurements were made at 25.0 �C (� 0.5). The pH

values were measured using a 300 HANA pH-meter and a

combined glass electrode.

RESULTS AND DISCUSSION

The absorption spectra of PAR in pure water at vari-

ous pH values at 360-540 nm intervals were recorded. In

order to determine the influence of the nonionic surfactant

(Brij-35, Triton X-100, Triton X-114, Triton X-405) and

the anionic surfactant (SDS) in acidity constants, a series of

experiments were run at different concentrations of Brij-

35, Triton X-100, Triton X-114, Triton X-405 and SDS,

above the cmc. The effect of cited surfactants on acidity

constants of PAR is studied at the concentration range of

0.005-0.2� (w/v). A sample spectra of 4-(2-pyridylazo)

resorcinol at different pH values in pure water and water-

triton X-405 are shown in Figs. 1 and 2, respectively. The

principal component analysis of all absorption data matri-

ces obtained at various pH values show at least four signifi-

cant factors that are also supported by the statistical indica-

tors of Elbergali et al.32 These factors could be attributed to

the three dissociation equilibria of a triprotic acid such as

PAR. The pKa values of PAR were investigated in pure wa-

ter and different water-Brij-35, water-Triton X-100, wa-

ter-Triton X-114, water-triton X-405 and water-SDS mix-

tures spectrophotometrically at 25 �C and an ionic strength

of 0.1 M (KNO3).

Acidity constants of PAR in several mixtures were

evaluated using the DATAN program with the correspond-

1094 J. Chin. Chem. Soc., Vol. 54, No. 4, 2007 Ghasemi et al.

Scheme I Structure of 4-(2-pyridylazo) resorcinol

(PAR)



ing spectral absorption-pH data. From inspection of the ex-

perimental spectra, it is hard to guess even the number of

protolytic species involved. The four calculated most sig-

nificant projection vectors with clear spectral features (as

compared to noise) show evidence of the presence of four

spectroscopically distinguishable components. Their shapes,

however, are clearly unphysical and cannot be directly re-

lated to the spectral response of the four protolytic forms.

The outputs of the program are pKa values and their stan-

dard deviation, the number of principal components, pro-

jection vectors (loadings), concentration distribution dia-

grams, and the pure spectrum of each assumed species.

The obtained pKa values are listed in Table 1 as the

function of surfactant concentrations. The previous re-

ported values of acidity constants are mainly in pure wa-

ter,33,34 which are listed in Table 1. The differences ob-

served between the pKa values are due to probable experi-

mental errors of old methods, against chemometrics-based

methods, by using the whole spectral domain, reduce con-

siderably the level of noise. So the obtained acidity con-

stants are more reliable and precise than previous methods.

There is not a definite pattern of relationships be-

tween acidity constants and the percentages of surfactants

in the various micellar media solutions. The pKa values de-

pend on absorption spectra variation at different pH in all

micelle media systems. One of the very important outputs

of the DATAN program is the calculated spectra of differ-

ent forms of PAR in each micellar media. Sample spectrum

of the calculated spectra of all species in pure water, 0.1%
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Fig. 1. Absorption spectra of PAR in pure water at dif-

ferent pH values: (1) 1.70, (2) 2.11, (3) 2.62, (4)

3.45, (5) 3.96, (6) 4.57, (7) 5.29, (8) 5.80, (9)

6.26, (10) 6.92, (11) 7.56, (12) 8.10, (13) 8.50,

(14) 9.00, (15) 9.56, (16) 10.14, (17) 10.60, (18)

11.06, (19) 11.51, (20) 12.03, (21) 12.32.

Fig. 2. Absorption spectra of PAR in 0.1% (w/v) Tri-

ton X-405 to water at different pH values: (1)

1.59, (2) 2.14, (3) 2.55, (4) 3.18, (5) 3.70, (6)

4.39, (7) 4.92, (8) 5.42, (9) 6.04, (10) 6.55, (11)

7.10, (12) 7.73, (13) 8.50, (14) 9.09, (15) 9.54,

(16) 9.98, (17) 10.51, (18) 10.95, (19) 11.50,

(20) 11.89, (21) 12.22.

Table 1. Acidity constant of PAR in pure water and different percentages of different of surfactants (w/v) (�) at 25 �C and constant

ionic strength (0.1 M NaClO4)

Brij-35 (0.0100)a Triton X-100 (0.0151) Triton X-114 (0.0113) Triton X-405 (0.159) SDS (0.1728)Concentration

(w/v) � pKa1 pKa2 pKa3 pKa1 pKa2 pKa3 pKa1 pKa2 pKa3 pKa1 pKa2 pKa3 pKa1 pKa2 pKa3

0.00 2.98

3.03

3.03

5.47

5.50

5.50

11.98b

11.99c

11.95d

0.005 2.77 5.36 11.69 2.79 5.20 11.72 2.73 5.19 11.66 2.81 5.17 11.75 2.88 5.27 11.72

0.01 2.70 5.55 11.66 2.79 5.23 11.72 2.68 5.25 11.72 2.75 5.18 11.75 2.96 5.31 11.64

0.025 2.68 5.56 11.63 2.76 5.25 11.75 2.69 5.35 11.79 2.76 5.24 11.76 3.32 5.45 11.63

0.05 2.65 5.57 11.63 2.61 5.43 11.78 2.61 5.49 11.78 2.76 5.31 11.78 3.49 5.60 11.62

0.1 2.64 5.73 11.64 2.36 5.73 11.73 2.15 5.88 11.60 2.64 5.39 11.78 3.58 5.78 11.61

a Values in parentheses are cmc in (w/v) � from ref. 35.
b This work in pure water.
c Rouhollahi, A.; Kiaei, F. M.; Ghasemi, J. Talanta 2005, 66, 653.
d Kelckova, Z.; Langova, M.; Havel, J. Collect. Czech. Chem. Commun. 1978, 43, 3163.



(w/v) Brij-35, 0.1% (w/v) Triton X-100, 0.1% (w/v) Triton

X-114, 0.1% (w/v) Triton X-405 and 0.1% (w/v) SDS to

water are shown in Fig. 3. It is interesting to note that the

nature of the surfactant has a fundamental effect on each

pure spectrum. As is clear from Fig. 3, this effect is appar-

ently different for different species of PAR.

Many papers and reviews have discussed the effect of

micelles on the apparent pKa values of the acids.2-10,30 In the

present work we observed the shifts of spectrum in Brij-35,

Triton X-100, Triton X-114, Triton X-405 and SDS micelle

media systems and then we calculated the pKa values of this

reagent in these media. As is clear from Fig. 3b, when the

Brij-35 surfactant is used, it caused an influence on the

H3L
+ and HL- spectrum and when different Triton surfac-

tants are used, spectra of different species of PAR changed

slightly (Figs. 3c, 3d and 3e). Also, when SDS surfactant is

used, it caused lot of changes on the H3L
+ spectrum (Fig.

3f). However, results show that a greater effect of surfactant

is seen in the spectra of H3L
+ and HL- than H2L and L2- spe-

cies. It has been suggested that the effect of micellar sys-

tems on acid-base equilibria arises from an intrinsic factor

(arising from energy differences between the aqueous and

the nonpolar media) and a potential effect that is due to the

electrically charged micelle surface. Also, these changes

are due to the hydrophobic and electrostatic interactions of

reactants with micellar aggregates.3,5,9,36,37

CONCLUSION

In this work, we distinguish the behavior of acidity

constants of PAR in pure water, water-Brij-35, water-

Triton X-100, water-Triton X-114, water-Triton X-405 and

water-SDS systems at 25 �C and an ionic strength of 0.1 M

that are studied by the multiwavelength spectrophotomet-

ric method. Results show that the pKa values of PAR are in-

fluenced by addition of the neutral surfactants and an an-

ionic surfactant such as Brij-35, Triton X-100, Triton X-

114, Triton X-405 and SDS. The DATAN program was ap-

plied for determination of acidity constants. By using this

method and without any prior knowledge about the system,

we can obtain concentration profiles and pure spectra from

the experimental data. In conclusion, interaction with

micellar aggregates induces significant pKa shifts which

can be rationalized in terms of the partitioning of species

and electrostatic contribution.

Received February 24, 2006.
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Fig. 3. The pure spectra of different forms of PAR in (a) pure water, (b) 0.05% (w/v) Brij-35 to water, (c) 0.05% (w/v) Triton

X-100 to water, (d) 0.05% (w/v) Triton X-114 to water, (e) 0.05% (w/v) Triton X-405 to water and (f) 0.05% (w/v)

SDS to water.
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