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Abstract: The interaction of the azo dye methyl red (MR) with dodecyl tri-
methyl ammonium bromide (DTAB) has been studied by the spectrometric 
methods  through the azo-hydrazone tautomeric behaviour of MR for a series 
of the ethanol–water system (0.1, 0.2, 0.3 and 0.4 volume fractions of ethanol) 
at room temperature. The critical micelle concentration was determined using 
the conductometric technique with the increased ethanol volume, influenced by 
the solvent polarity and the architectural flexibility of methyl red. The azo form 
of methyl red brings the electrostatic interaction with the cationic surfactant 
through the adsorption phenomenon. The binding parameters were calculated 
with the aid of a modified Benesi–Hildebrand equation. 
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INTRODUCTION 
The performance of the interaction between dye and surfactant is one of the 

basic requirements for understanding the dyeing process and textile finishing.1–5 
In order to study this process numerous researches have been performed by the 
selective research techniques to access the basic information of the interactions 
for the process of the molecular complex formation in the dye-surfactant ion 
pair.6–11 

There are no specified studies about the azo dye methyl red with cationic 
surfactant dodecyl trimethyl ammonium bromide, using various methods.12–17 
The absorbance peak of methyl red was decreased, due to the photodegradation 
in water. It was checked after 10, 20 and 35 min (complete photodegradtion) by 
the kinetic analysis treatment, which is based on the azo dye photosensitization.18 
The anchoring position of the –COOH group at the para position of methyl red 
tuned the wavelength and intensity19 and showed a broad peak at 519 nm in 
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hydrazone form, indicating the considerable optical nonlinearities.20 The visible 
spectrum of MR in aqueous solutions is marked by the overlap of a principal 
peak at 520±15 nm and a shoulder peak at 435±20 nm, for the hydroazo (acidic) 
and the azo (alkaline) species respectively.21 

In this paper, the spectrophotometric study of the interaction between azo 
dye methyl red (MR) (Fig. 1) and cationic surfactant dodecyl trimethyl ammo-
nium bromide (DTAB) (Fig. 2) is described. 

 
Fig. 1. Acid and basic forms of methyl red. 

 
Fig. 2. Dodecyl trimethyl ammonium bromide. 

The interaction between dye and surfactant plays an important role in the 
formation of the complex as shown in Fig. 3.  

 
Fig. 3. The interaction between dye and surfactant for their complex formation. 

To study the significance of theinteraction of the molecular complex form-
ation of the azo dye–cationic surfactant ion pair, the absorbance measurement 
was performed for the series of the ethanol–water systems containing the various 
volumes of ethanol (0.1, 0.2, 0.3 and 0.4 volume fractions of ethanol). A modi-
fied model was applied in order to determine the binding constants and the 
change of standard Gibbs energy of binding for the molecular complex formation 

________________________________________________________________________________________________________________________

(CC) 2021 SCS.

Available on line at www.shd.org.rs/JSCS/



 SPECTROPHOTOMETRIC METHOD: DYE-SURFACTANT INTERACTION STUDY 485 

of  the ion pair. The result displayed the influence of volume fraction of ethanol 
on the formation of dye–surfactant molecular complex and the importance of the 
interaction of azo dye and cationic surfactant. 

Methyl red is a good example which illustrates that both the linear and non-
linear optical properties can be seen through the absorbance technique. The lite-
rature shows the azo-hydrazone tautomerism of MR, with the change of surfact-
ant charge effects and without the change in solvent polarity, generates the azo-
hydrazone tautomerism as shown in Fig. 1.14,20,21 The optical sensitivity of azo 
dye makes the interaction study interesting with a cationic surfactant.14 The 
interaction of the azo dye and the cationic surfactant brings the flexibility in 
absorbance which alters the nature of spectra.12,13  

The present study describes the azo-hydrazone tautomerism, using the abs-
orbance techniques along with the observation of binding constant and the 
change of Gibbs energy of binding of DTAB on MR, which will facilitate the 
advancement in the molecular design of similar derivatives, specifically a –COOH 
group azo dye through the photosensitized system in optical tenability. We 
applied a spectrophotometric technique and used the modified Benesi-Hildebrand 
equation in order to calculate the binding constant of methyl red, in the presence 
of DTAB/ethanol/water system. Such a concept was applied to calculate the 
binding parameters (the binding constant and the change of standard Gibbs 
energy of binding) for dyes (methylene blue and methyl orange) absorbance in 
DTAB–SDS mixed surfactant, by the absorption technique in an aqueous 
medium, without using critical micelle concentration (CMC) values.22  

EXPERIMENTAL 
Chemicals 

DTAB and MR were obtained from Loba Chemicals, India. Similarly, MR (95 %) was 
purchased from Ranbaxy, India, and used without purification and spectroscopy quality etha-
nol was obtained from Merck, India.  
Preparation of solutions 

Four types of solutions were prepared to study the interaction of MR–DTAB in the 
ethanol–water system. 

In the first part of the study, 0.1, 0.2, 0.3 and 0.4 volume fractions of ethanol–water 
mixed solvent were prepared. Sequentially the surfactant (DTAB, concentration ranging from 
10-4 to 0.12 mol L-1 and the azo dye MR at a constant concentration of 2.97×10-4 mol L-1 were 
prepared separately in the respective volume fraction of ethanol–water. In the second part of 
the study, the spectral absorbance corresponding to wavelengths ranging from 300 to 700 nm 
of the solution at variable concentrations of DTAB, with a constant dye concentration of MR, 
was obtained for the interaction study. 
Methods 

The spectrophotometric measurements were recorded by a single beam microprocessor 
UV–Vis spectrophotometer (LT-290 Model, India) from which UV–Vis spectra were regis-
tered at room temperature using 1 cm length quartz cuvette. The conductometric measure-
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ments were performed in order to obtain the CMC value of DTAB in the absence, as well as 
the presence of MR at 0.1,0.2,0.3 and 0.4 volume fraction of ethanol, as described in the lite-
rature.  

RESULTS AND DISCUSSION 

UV–Vis spectra of azo dye in ethanol–water mixture 
The UV–Vis spectra of MR in the ethanol-water mixture (from 0.1 to 0.4 

volume fractions of ethanol) were measured at the constant dye concentration 
(Cdye = 2.97×10–4 mol/L–1). When the graph displaying the relation between 
absorbance (A) and wavelength (λ) was plotted (Fig. 4) the redshift was observed, 
from 0.4 to 0.2 volume fraction of ethanol, which was due to an increase in the 
dielectric constant and the reduction of solubility.23 But the redshift between 0.1 
and 0.2 volume fraction of ethanol were not observed. The absorbance spectra of 
MR at 0.1 volume fraction of ethanol showed two broad peaks at λabs of 532 and 
529 nm. However, the absorbance spectra of MR showed a slight redshift with 
broad peaks at λabs of 528, 529 and 532 nm for 0.4, 0.3 and 0.2 volume fraction 
of ethanol, respectively. The observed peaks of MR as hydrazone (acidic) species 
were found at 0.1, 0.2, 0.3 and 0.4 volume fraction of ethanol. Thus, the UV–Vis 
spectra of methyl red were found to be solvent-dependent and the absorbance of 
methyl red in 0.4 volume fraction of ethanol is largest among 0.3, 0.2, 0.1 
volume fraction of ethanol (Table I). 

Fig. 4. Visible spectra of MR at various volume frac-
tions of ethanol. Here, I, II, III and IV represent vol-
ume fraction of ethanol: 0.1, 0.2, 0.3 and 0.4, respect-
ively. 

TABLE I. The calculation for ε0 from Eq. (4) 
Volume fraction of ethanol λmax / nm A / a. u. ε0 / L mol-1cm-1 
0.1 532 0.2938 989.22 
0.2 532 0.3268 1100.34 
0.3 529 0.7428 2501.01 
0.4 528 1.1798 3972.39 

UV–Vis spectra of cationic surfactant–azo dye interactions in ethanol–water 
mixture 
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The UV–Vis spectra of MR in ethanol–water–DTAB were observed at cons-
tant dye concentration. When the graph (Fig. 5) was plotted (absorbance vs. 
wavelength), the absorbance peak of MR in ethanol–water–DTAB showed a 
broad absorbance peak at λabs of 419, 424, 421 and 420 nm for 0.1, 0.2, 0.3 and 
0.4 volume fraction of ethanol, respectively. The peak range is attributed to the 
azo form of MR within ethanol–water–DTAB. The blue shift is observed for the 
constant dye concentration at the variable concentration of DTAB for the spectra 
of 'V' of legend represented in Fig. 5 – A, B, C and D were due to the formation 
of H-aggregates during the electrostatic interaction in the molecular complex 
(Fig. 3).24 

 

 
Fig. 5. Absorption spectra for methyl- red with presence and absence of DTAB; volume 

fraction of ethanol: 0.1 (A); 0.2 (B); 0.3 (C); 0.4 (D). 

In the recent study, the interaction of CTAB (cationic surfactant) with MR is 
attributed to the azo form at λabs of 414 nm, whereas the interaction of AOT 
(anionic surfactant) with MR is subjected to the hydrazone form at λabs = 519 nm.14 

In the present work, the interaction of cationic surfactant (DTAB) with the 
azo dye (MR) is studied through the spectrophotometric method. In the case of 
MR, due to its photoisomerisation, its azo(basic) form attracts the ionized sur-
face-active agents. The ionic surfactants dissociate as electrolytes (weak or 
strong) which shows the adsorption phenomenon. The idealized charged spher-
ical micelles are partially neutralized by the counterions forming the stern layer 
as shown in Fig. 6. The long alkyl groups of surfactants are in the interior of the 
micelle and the hydrophilic (polar) part of surfactants are at the surface, which 
exhibits the electrostatic interaction with the counterions of azo dye. Due to such 

________________________________________________________________________________________________________________________

(CC) 2021 SCS.

Available on line at www.shd.org.rs/JSCS/



488 SHAHI et al. 

interactions, approximately 60–80 % micellized charge is neutralized by counter-
ions and the remaining unbounded counterions are moving freely, forming the 
Gouy–Chapman double layer.  

 

Fig. 6. A schematic structure of cationic surfact-
ant with azo dye.27 

We observed the interaction through different spectral behaviour and the 
obtained absorbance concerning the constant concentration of azo dye in the abs-
ence and the presence of a variable concentration of DTAB, for the series of the 
ethanol–water mixture, at room temperature.25  

The spectral characteristics of azo dye were greatly influenced by the addit-
ion of cationic surfactant in the presence of various ethanol concentrations. The 
absorbance was increased with rised ethanol volume (Fig. 4), which contributes 
to the formation of molecular complex between the cationic surfactant and the 
azo dye as presented in Fig. 6. The origin of electrostatic interaction on the hyd-
rocarbon core of the surfactant, at constant dye concentration, was analysed due 
to a decrease in absorbance with a higher concentration range of ionic surfact-
ant.26 

Various natures of absorption spectra of a dye with the presence and absence 
of cationic surfactant had been observed for the series of the ethanol–water mix-
tures as shown in Fig. 5. 

Absorption spectra in Fig. 5A. In 0.1 volume fraction of ethanol, as the 
concentration of DTAB increased the MR band intensity initially increased and 
finally decreased. Here, I, II, III, IV, V and VI represents the DTAB concen-
trations (C/mol L–1), which were varied from as 0, 0.011695, 0.023390, 
0.035085, 0.046780 and 0.116951, respectively. 

The absorption spectra in Fig. 5B. In 0.2 volume fraction of ethanol, as the 
concentration of DTAB increased the MR band intensity initially decreased and 
then increased. Here, I, II, III, IV, V and VI represents the DTAB concentrations 

________________________________________________________________________________________________________________________

(CC) 2021 SCS.

Available on line at www.shd.org.rs/JSCS/



 SPECTROPHOTOMETRIC METHOD: DYE-SURFACTANT INTERACTION STUDY 489 

(C/mol L–1), which were varied from as 0, 0.0105994, 0.0211988, 0.0317982, 
0.0423976 and 0.1059940, respectively.  

The absorption spectra in Fig. 5C and D. In 0.3 and 0.4 volume fraction of 
ethanol, as the concentration of DTAB increased the MR band intensity dec-
reased. Here, in the case of Fig 5C, I, II, III, IV, V and VI represent DTAB 
concentrations (C/mol L–1), which were varied as 0, 0.011122, 0.022244, 
0.033366, 0.044488 and 0.111220, respectively. In the case of Fig 5D, I, II, III, 
IV, V and VI represent DTAB concentrations (C/mol L–1), which were varied as 
0, 0.011122, 0.022244, 0.033366, 0.044488 and 0.111220, respectively. 

Analysis of cationic surfactant–azo dye interactions in ethanol–water mixture 
We used the spectrophotometric technique and confirmed the surfactant ind-

uced spectral change by binding and thermodynamic properties, evaluated 
through the spectral changes, as the observed absorbance at different surfactant 
concentrations at constant dye concentration in the ethanol-water mixture, Fig. 5. 

Shah et al.28 investigated the CMC of DTAB in the ethanol–water mixture 
up to 0.6 volume fraction of ethanol using conductometry and tensiometry. The 
CMC was found to be increased up to 0.4 volume fraction of ethanol due to a 
decrease in hydrophobic character, with the addition of ethanol and the decrease 
in CMC up to 0.6 due to entrance of alcohol molecules into a micellar core. We 
used the conductometry technique to obtain the CMC value of DTAB in the abs-
ence, as well as in the presence of MR, at 0.1, 0.2, 0.3 and 0.4 volume fraction of 
ethanol. The sequential increased CMC is obtained in the adopted system, but the 
CMC values are suppressed with MR, in comparison to CMC values in the abs-
ence of MR.28,29 The decreased CMCs of DTAB, in the presence of MR is due to 
the change in the status of the molecular complex system.29 The CMC values are 
listed the in Table II along with literature.28 

TABLE II. CMC values of DTAB in the presence and absence of MR at 298.15 K 

Volume fraction of ethanol CMC / mol L-1

With MR Without MR Without MR28 
0.1 0.01497 0.01637 0.0151 
0.2 0.02102 0.02178 0.0214 
0.3 0.02110 0.03054 0.0325 
0.4 0.02487 0.04375 0.0462 

It can be seen that both the conductivity and CMC of DTAB decrease with 
the addition of MR, as it is presented in Fig. 7, with is in agreement with the 
literature.30 

The interaction between the dye and micellized surfactant can be described 
by the Eq. (1). Here, the term D, S, DS and Kb represent the dye, surfactant, dye– 
–surfactant associate and binding constant, respectively: 
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 bD + S DS
K

←⎯⎯→  (1) 
Fig. 8 displays for the interaction study for the determination of the binding 

constant (Kb), related to the scheme on Fig. 6, which is calculated using the 
modified Benesi–Hildebrand Equation (2):22 

 ( ) ( )
T

m 0 b 0 sm

1 1D
A K Cε ε ε ε

= +
Δ − −

 (2) 

 0  A A AΔ = −  (3) 

 

Fig. 7. Conductivity versus concentration 
of DTAB at 0.1 volume fraction of 
ethanol with and without MR. 

Fig. 8. The plot of (DT/ΔA) against reci-
procal of Cs for MR with DTAB at 0.3 
volume fraction of ethanol. Here, y = 
3.19×10-5x – 8.54×10-4; Max. dev. 6.05 
10-9, r2 = 1.00. 

The term DT in Eq. (2) and A in Eq. (3) represents the concentration and the 
absorbance of dye. The left side of Eq. (2) consists of ΔA, which is the difference 
between the absorbance of dye in the presence and the absence of DTAB is 
expressed in Eq. (3). The right side of Eq. (2) consists of term εm, ε0, Cs and Kb 
which represents the molar absorptivity of the dye, the molar absorptivity of dye 
fully bound to micelles, the concentration of DTAB (surfactant) and the binding 
constant respectively. Eq. (2) can be applied for studying spectral behaviour con-
taining CMC value,29 or without CMC value.22 The molar absorptivity of dye 
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represented as ε0 was calculated using the relation the rearranged Beer–Lambert 
Equation (4): 

 0
A

LC
ε =   (4) 

The Eq. (4) term consists of terms A, L and C, which represents the abs-
orbance for a given wavelength, the length of cuvette and the concentration of 
dye, respectively. 

The maximum wavelength corresponding to absorbance (λmax / nm), absorb-
ance for a given wavelength (A / a.u.), length of the cuvette (L / cm), the con-
centration of dye (DT / mol L–1) , and molar absorptivity of dye (ε0 / L mol–1 
cm–1) are the values and its interactive relationship are represented in Table I. 
Here, L = 1 cm, C = 2.97×10–4 mol L–1. It can be seen that the highest molar 
absorptivity of azo dye at 0.4 volume fraction of ethanol is due to the influence of 
a higher volume of ethanol in water.24 

The binding constant (Kb) can be determined by plotting (DT/ΔA) against 
reciprocal of Cs for DTAB, with MR at 0.3 volume fraction of ethanol, as shown 
in Fig. 8, as a typical example. From the slope and the intercept, the binding 
constant was calculated at a different volume fractions of ethanol and tabulated in 
Table III.  

TABLE III. Calculation of the slope, intercept and binding constant in the different volume 
fractions of ethanol 
Volume fraction of ethanol Slope×105 Intercept×104 Kb / L mol-1 
0.1 6.22 7.59 12.2 
0.2 1.3.3 6.48 4.87 
0.3 3.19 8.54 26.77 
0.4 1.48 2.96 20.00 

Table III shows that the binding values, which were highest at the volume 
fraction of ethanol is 0.3, increased which is because the hydrophilic head portion 
of surfactants plays a significant role in dye-surfactant interaction.31 When the 
volume of ethanol is 0.2, the binding value between the azo dye and the surf-
actant is lowest, due to the abnormal aggregation around the hydrophilic portion 
of DTAB micelles by MR molecules. 

Many researchers had reported that the addition of mixed solvent completely 
blocks the micellization behaviour of surfactant at a certain concentration level of 
mixed solvent.29 

The thermodynamic parameter, the change of standard Gibbs energy of bind-
ing can be obtained using Eq. (5): 
 ΔG  = –RTln Kb (5) 
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In Eq. (5), the left side represents the change of standard Gibbs energy of 
binding, ΔG , whereas, on the right side, R represents a universal gas constant, 
the recorded room temperature of the laboratory is denoted by T and Kb is the 
binding constant. The values are presented in Table IV, which indicates the inter-
action between the dye and ionic surfactant, at 0.1, 0.2, 0.3 and 0.4 volume frac-
tions. This is due to the strong electrostatic interaction between the hydrophilic 
cationic head of surfactant and azo dye as well as with  a decrease in the diel-
ectric constant with the addition of mixed solvent.30,32  

TABLE IV. Calculation of ΔG  in the different volume fractions of ethanol 
Volum fraction of ethanol ΔG  / kJ mol-1 
0.1 –6010.31 
0.2 –3803.77 
0.3 –7898.50 
0.4 –7197.98 

CONCLUSION 

Based on the spectral study of the interaction between the azo dye MR and 
the cationic surfactant DTAB, the following conclusions can be summarized. 

The spectrophotometric technique is the best method for the study of the 
dye–surfactant interaction, by a wide range of spectral analysis, with typical azo-
hydrazone tautomerism in the ethanol–water mixture. The variable absorbance 
values ultimately indicated the scheme of dye–surfactant interaction through the 
adsorption phenomena and the formation of a dye surfactant complex. The inter-
action behaviour was studied through thermodynamic processes, which were 
characterized by the variable binding constant and the change of standard Gibbs 
energy of binding. The mixed solvent media containing alcohol–water mixtures 
broke down the structure of water, which lowered down the dielectric constant 
and hence CMC of DTAB increases, with the addition of ethanol in water, while 
CMC values of DTAB decrease with the presence of methyl red. 
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И З В О Д  

СПЕКТРОСКОПСКО ИСПИТИВАЊЕ ИНТЕРАКЦИЈЕ АЗО БОЈЕ И КАТЈОНСКОГ 
СУРФАКТАНТА У СМЕШИ ЕТАНОЛ–ВОДА 

NEELAM SHAHI1, SUJIT KUMAR SHAH1, AMAR PRASAD YADAV2 и AJAYA BHATTARAI1 

1
Department of Chemistry, M.M.A.M.C., Tribhuvan University, Biratnagar, Nepal и  

2
Central Department of 

Chemistry, Tribhuvan University, Kirtipur, Nepal 

Интеракција азо боје метил-црвена (MR) и додецилтриметиламонијум-бромида (DTAB) 
је спектроскопски испитивана праћењем азо-хидразон таутомерног понашања MR за 
серију смеша етанол–вода (запреминске фракције етанола: 0,1, 0,2, 0,3 и 0,4) на собној 
температури. Критична мицеларна концентрација је одређивана кондуктометријски, и 

________________________________________________________________________________________________________________________

(CC) 2021 SCS.

Available on line at www.shd.org.rs/JSCS/



 SPECTROPHOTOMETRIC METHOD: DYE-SURFACTANT INTERACTION STUDY 493 

са повећањем запремине етанола на њу утиче поларност растварача и структурна фле-
ксибилност MR. Азо облик MR се адсорбује на сурфактанту електростатичким интер-
акцијама. Параметри везивања су израчунати применом Бенеси–Хилдебранд (Benesi– 
–Hildebrand) једначине. 

(Примљено 16. новембра 2020, ревидирано 10 марта, прихваћено 11. марта 2021) 
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