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Summary and Conclusions 
In chapter 1, a general introduction covering the description of different type 

of surfactants, their properties and their molecular assemblies, viz., micelle and 

microemulsion are presented. The term micelle and reverse-micelle execute similar 

surfactant assemblies; only difference is that micelle bears an exterior polar surface 

with a hydrophobic core, whereas reveres-micelle has a non-polar exterior part 

having a polar core. However, in microemulsion, considerable amount of water in 

the reverse-micellar core (termed as water-pool) shows differences in physico

chemical properties (viz., viscosity, dielectric constant, etc.) from that of the bulk 

water. The physico-chemical properties of the organized assemblies are generally 

studied by introducing a probe molecule (e.g., different dyes) and monitoring the 

change in the properties of the probe in the new environment. Progressively 

alkylated thiazine dyes viz., thionine (Th), azure A (AzA), azure B (AzB), azure C 

(AzC) and methylene blue (MB) are selected not only for their differences in 

solubilities and other physico-chemical characteristics pertaining to photogalvanic 

efficiencies but also because they provide an excellent opportunity for studying the 

effects of molecular size and shapes on various physico-chemical parameters studied 

in this work. The importance of phenothiazine and the electrochemical behaviour of 

the dyes are also discussed briefly in this portion. 

{Page No. 1 - 14) 

The scope and object of the present investigation has been incorporated 

chapter 2. Recently the role of the counterion binding has been recognized in the 

evaluation of the energetics of micellization process. The study of the effect of 

counterions eliminates some of the complications by leaving the properties of the 

amphiphilic ion as a constant factor and thus simplifies some of the interpretation of 

the experimental results. But, it often leads to complications connected with limited 

stability and preparative difficulties of the surfactant containing different 

counterions. 

Compounds with polar groups such as alcohols can be expected to solubilize 

in the hydrophilic regions. Addition of alcohol can strongly influence the behaviour 
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of the micelles and changes the micellar size depending on the 

hydrophilic/hydrophobic character of the alcohol. 

Dye-micelle interaction is effective to determine the erne of the surfactant. On 

the other hand self aggregation of the dyes is important to understand the self 

quenching phenomena occurring in the photogalvanic cells and also the phenomena 

of energy transfer in biological systems. It is well known that the ionic dyes tend to 

aggregate in dilute solutions, leading to the formation of dimer and sometimes even 

higher order aggregates. In such a case the molecular nature of the dye aggregate is 

strongly affected by the structure of the dye, ionic strength, nature of counterion, 

temperature and the nature of the solvents. 

The structure of the interfacial water of microemulsion systems is somewhat 

different from bulk water. In the micro-encapsulated domain, the presence of 

amphiphilic head groups and the counterion may significantly affect the water 

mobility. Because of the peculiar chemical and physical properties of the polar 

interior of reverse micellar aggregates, substantial efforts have been focused on the 

investigation of the state of water in the pool by comparing the aggregation 

properties as well as the excitonic parameters of progressively alkylated thiazine dye 

molecules in aqueous and microemulsion media. 

Energy problem has opened new avenues in physical chemistry research ever 

since electrochemistry has been proved to be the most promising of all modern 

energy technologies. This is due to its capability in dealing with highest energy 

densities of all possible alternatives. Two essential features of research activities in 

this direction are (i) modification of the conventional technologies via incorporating 

emerging ideas and knowledge in various electrode and electrolytic processes and 

(ii) development and upgradation of new energy conversion techniques, especially 

that of solar energy conversion by incorporating new perception of chemistry of 

electrodics and ionics (specially metal free) at the interfaces and in the bulk. In view 

of this plan of a preliminary study has also been drawn on the electrochemistry of 

dyes at the microelectrode surfaces. 

(Page No. 15 - 20) 

In chapter 3, the results of the investigations on the effect of counterions and 

alcohols on the micellization properties of anionic surfactants in aqueous media are 



154 

presented. Two important anionic surfactants, viz., dodecyl sulfate and bis-(2-ethyl-

1-hexyl) sulfosuccinate having different counterions (viz., Li+, Na+, K+, NH4+, 

N+(CH.3)4, N+(C2Hs)4, N+(C3H7)4 and N+(C4H9)4) have been studied as a function of 

temperature. Surfactants having different counterions are prepared by ion exchange 

technique. At a particular temperature (below 303K), erne depends upon the nature 

of the counterion following the order N~+>Li+>Na+ in dodecyl sulfate, whereas for 

AOT (bis-(2-ethyl-1-hexyl) sulfosuccinate), erne decreases in the order NH4+>Na+> 

Li+>K+. But at high temperature (above 323K) AOT micelles are rather insensitive to 

temperature variation. Above trend was explained by considering the binding of 

counterions to micelles. It is found that at a concentration of 10 times the erne, 

potassium dodecyl sulfate and potassium salt of AOT is not completely soluble in 

water at room temperah1re. The solution contains hydrated crystals dispersed in a 

micellar phase. Below 313K, K-AOT with K+ as counter ion forms clear solution. Thus 

the micellization of K-AOT has been investigated in the limited range within 283-

308K However, in the case of potassium dodecyl sulfate, which has a Kraft 

temperature of 307K at the erne it was impossible to investigate the micellization 

process since the temperature leading to a clear solution was too high (323K). 

It has been observed that in case of dodecyl sulfate and AOT having 

tetraalkylammonium counterions the erne values follow the order N+(CH3)4 > 

N+(C2Hs)4 > N+(C3H7)4> N+(C4H9)4 (at temperature range <298K). It seems that the 

hydrodynamic size of the counterion plays an important role along with the 

hydrophobicity of tetraalkylammonium ions. The erne in aqueous solution for a 

particular surfactant reflects the degree of binding of the counterion to the micelle. 

Increased binding of the counterion, in the aqueous system causes a decrease in the 

erne of the surfactant. The extent of binding of the counterion increases also with 

increase in the polarizability and charge of the counterion and decreases with 

increase in its hydrated radius. 

The thermodynamic parameters support the view that in order to form 

micelle the gain in entropy is the major factor leading to negative change in Gibbs 

free energy. For all counterions in both DS and AOT systems ~Hom and ~S0m 

contribute differently to get similar ~Gom. However, like a variety of processes such 

as oxidation-reduction, hydrolysis, protein unfolding, etc., micellization process also 

exhibit a linear relationship between the enthalpy and entropy change which is 



155 

known as enthalpy-entropy compensation. The calculated compensation 

temperature value of 303.2 K for DS and 295.6 K for AOT satisfactorily follows the 

characteristic range of other ionic surfactants. 

The surface excess concentration at surface saturation r max, is a useful 

measure of the effectiveness of adsorption of the surfactant at air-solution interface, 

since it is the maximum value that adsorption can attain. With increasing 

temperature r max for dodecyl sulfate follow more or less general trend as expected, 

which presumably due to increased thermal motion with a consequent decrease in 

the effectiveness of adsorption. But in the case of AOT surfactant with six different 

counter ions, the change of r max does not follow a regular trend. 

(Page No. 21 -52) 

The effect of short-chain alcohols (viz., ethanol, 1-propanol and 2-propanol) 

on the micellization of SDS and AOT are studied with solutions containing different 

proportion of alcohols and surfactants within a temperature range of 298K to 313K 

have also presented in this chapter. At a fixed proportion of alcohol the erne and 

other associated thermodynamic parameters except the ionization degree (a) 

progressively decreases with temperature. This variation may also be well explained 

by the dehydration of the hydrocarbon tail of the surfactant molecule followed by the 

greater adherence of the alcohol molecules to the micellar pseudophase. In this 

respect it may be said that the alcohol content works quite similar to temperature 

with respect to the effect on micelle formation at constant pressure. The situation is 

very similar for both the surfactants. However in the case of AOT, all the effects are 

less pronounced due to the presence of hydrophobic double strand structure where 

the alcohol molecules perform less effectively than SDS. 

(Page No. 52- 59) 

In chapter 4, results of the investigations on the nature of dye-surfactant 

interaction, dye-dye aggregation, the effect of increase of molecular size on 

aggregation, the probable structure of dye aggregates in aqueous and microemulsion 

media are presented. Dye-micelle interaction is utilized to determine the erne of the 

surfactant. Self aggregation of the dyes is important to understand the self quenching 

phenomena occurring in the photogalvanic cells and also the phenomena of energy 
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transfer in biological systems. Analysis of monomer spectra of the progressively 

alkylated thiazine dyes in terms of Vibronic Exciton Model have been done in 

aqueous and microemulsion media. The binding force between the monomer units in 

a dimer and the structural dependency (i.e., progressive alkylation on thionine 

molecule) of aggregate geometries in aqueous solution and in microemulsion media 

have been examined in terms of Molecular Exciton Theory and presented in this 

chapter. Section 4.1.1 and 4.1.2 contain a brief review of the previous studies on the 

dye-surfactant interaction in sub-micellar and super-micellar concentrations of 

surfactant respectively, whereas section 4.1.3 bears the review of the previous studies 

on the dye-surfactant interaction in microemulsion media. In section 4.1.4, a brief 

review of previous studies on the general monomer-dimer equilibrium of dyes in the 

light of classical model is presented. Section 4.1.5 depicts the theoretical aspects of 

molecular exciton model and section 4.1.6 contains a review on spectral properties of 

dimer in terms of exciton theory and also includes some more recent development of 

the exciton theory which can be used to relate the distance and relative orientation of 

monomeric dye molecules in the dimer. Possibility of higher aggregate formation is 

avoided by choosing appropriate range of dye in solution. 

(Page No. 67- 96) 

The erne of SDS and AOT at a fixed temperature (303K) is determined 

spectrophotometrically by using thiazine dye probe. The association constants for 

each pair of dye-surfactant system shows a general trend. It has been observed that 

thionine stacked most strongly with the surfactant followed by other dyes in the 

order AzC > AzA > AzB > MB. It suggests that the dye-surfactant electrostatic 

attraction between the charged part of the dye molecule and the ionic head of 

amphiphile plays the key role during interaction at the postmicellar concentration of 

surfactant. The large negative .1GO values also support in favour of electrostatic 

attraction. Dimerization constants for the dyes are determined by using a nonlinear 

least-square fitting with Microsoft Excel Solver (section 4.3.3). At 303K in aqueous 

medium the Kct values are 1.761 x 103, 2.350 x 103, 3.381 x 103, 6.258 x 103 and 3.658 x 

103 lit/mol for Th, AzC, AzA, AzB and MB respectively. This indicates that the 

increased hydrophobicity in the dye molecule upon methylation increases 

dimerization tendency due to increased hydrophobic interaction, which in turn 
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minimizes the contact area of the dyes with water. In rnicroemulsion media the Kct 

values are 2.214 x 103, 1.760 x 103, 3.504 x 103 and 4.112 x 103, 1.501 x 103 litfmol for 

Th, AzC, AzA, AzB and MB respectively, do not follow any regular trend. It is 

therefore, evident that besides the structure of the dye molecules, nature of the 

solvent also plays important role on the strength of aggregation. The flGO for 

dimerization process for five thiazine dyes are negative and do not differ very much 

upon progressive methyl substitution, there is, however, a general trend of 

increasing effect of methylation in aqueous and microemulsion medium. 

(Page No. 98 -110) 

In section 4.3.4, the result of progressive alkylation of thionine on the spectra 

of monomers which are present in equilibrium with dimers in aqueous and 

microemulsion media have been analyzed in terms of Vibronic Exciton Model: 

I(-) I ""'xm rl mVJ r( 4ln2 'J(- _ V)2
} v = ooL..-, +-=- expj ---2 - v-v00 -m 

m m. ' Voo l bg 

where , Ioo is the intensity, v00 is the position of the (0,0) band, bg is the 

Gaussian band width X is the ratio of (1,0) to (0,0) band intensities and v, the 

separation between the bands. The spectra were fitted to the above 'five parameter 

Gaussian equation'. This has been done on a computer by means of a general non

linear curve-fitting program, KINFIT. Results of fitting indicate that the present 

physical model describing a vibronic progression of a displaced harmonic oscillator 

with Gaussian bands of constant band width is well applicable in the present systems 

under investigation. (Page No. 110 - 115) 

In section 4.3.5, the dimer spectra of the progressively alkylated thiazine dyes 

(viz, Th, AzA, AzB, AzC, MB) are analyzed in terms of Molecular Exciton Theory of 

dipole-dipole coupling. There are three types of dye aggregates: H-type, }-type or 

intermediate type. According to this model the parallel aggregates (H-aggregates) 

absorb at shorter wave length and head to tail aggregates (J-aggregates) show 

absorption at longer wavelengths compared to the monomer. Intermediate 

geometries give rise to band splitting, where the monomer units are thought to be 
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arranged parallely (Model I) or obliquely (Model II) (both models are discussed with 

a twist angle 8). The splitting of dimer spectra for the intermediate geometries leads 

to compute the angle 8 between monomer units and intermolecular separation of the 

monomer molecules in the dimer. The dimer spectra are decomposed into two 

bands, which show that the monomer visible spectrum corresponds to an electronic 

transition with two vibronic bands. A systematic variation of oscillator strengths for 

both symmetric and anti-symmetric delocalized exciton states is observed. This may 

be due to the variation of geometrical disposition of the dimer in solution as a 

function of progressive alkylation of thionine molecule. The oscillator strength values 

of monomer are 0.603, 0.451, 0.552, 0.641 and 0.610 for Th, AzA, AzB, AzC and MB 

respectively in aqueous medium, whereas in microemulsion much smaller values of 

the oscillator strengths (0.382, 0.101, 0.202, 0.280 and 0.191) are observed. 

Exciton theory allows determining the twist angle, 8 which in case of thionine 

is found to be 34.8Din aqueous medium, whereas in microemulsion the value is 35.7°. 

For other dyes, the angle changes from 28.40 to 28.10 in case of AzC from 28.5° to 

30.90 in case of AzA, from 30.20 to 25.30 in case of AzB and from 31.70 to 28.20 in case 

of MB. As discussed earlier the variation of physico-chemical characteristics of the 

water in the water-pool of the bulk water also plays important role in determining 

the structure of the dimer. While the twist angles displayed by all the five dyes are 

close to each other, no systematic variation is observed on progressive alkylation of 

the dye molecule. It seems apparent that apart from the steric effect due to the 

addition of successive methyl groups in the dye molecule, hydrophobic as well as 

electron donating nature of methyl groups play important role in dimer formation. 

(Page No. 115 -121) 

The electrochemical behaviour of the dyes on clean glassy carbon electrodes 

have been discussed in chapter 5. A brief review of the previous work on the redox 

properties of various dyes on clean and modified electrodes using cyclic 

voltammetric technique is presented in section 5.1. (Page No. 131-134) 

A brief review on the electrochemistry of the dyes is presented in section 5.2. 

The criteria related to the reversibility and the results thereof on a clean glassy 

carbon electrode (GCE) in different solvents are discussed in section 5.3. The formal 
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potential values (average) for the five dyes are found to be 0.205, 0.175, 0.207, 0.281 

and 0.196V for Th, AzC, AzA, AzB and MB respectively in aqueous medium. 

Voltammetric measurements are consistent with two electron reversible redox 

couples of dye/leucodye pairs. The value of 0.058/ ~E is rather low ( <2) even at slow 

scan rates, possibly due to the result of two successive one electron reversible charge 

transfer, with a fast protonation of the intermediate to form a species which is more 

easily reduced than the dye molecule. The current ratio values, ipa /ipc < 1, suggest 

that the electrogenerated leucodyes are involved in reactions which prevent their 

reoxidation upon scan reversaL Assuming reversibility of electrode reaction, the 

effective diffusion coefficients of the dyes in different solvents have been calculated 

at scan rate of 20mVs-1. The values for th:ionine are 3.05 x 10-6, 1.80 x 10-6 and 1.10 x 

lQ-6 cm2s-1 in water, ethanol (50% v /v) and triton X-100 (0.001M) respectively. No 

systematic change in the diffusion coefficient values with the progressive alkylation 

of dye molecule is observed. But the effect of solvent is found to be prominent. The 

nature of the cyclic voltammograms obtained from concentrated dye solution (1 - 2 x 

104 M) in the presence of 0.1M KCl and the effect of pH have also been discussed 

specially in view of reactant and/ or product adsorption on the electrode surface. The 

heterogeneous rate constant, k for the quasi-reversible processes of the dyes is 

determined. The kinetic measurements are carried out within the range 300- 1000 

mVs-1 scan rates. All the values are found to be of the order of 10-3 cm.s-1. 

(Page No. 134 -149) 
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