
SUMMARY AND CClifLUSICN 

In Chapter 1 1 a general introduction on photogalvanic 

effect of thi~ine dye has been given·. The importance of electrode 

kinet~cs, self ·quenching ~henomenon of photogalvanic solution, 

,electrode selectivity, dye incorporated montmorillonite-modified 

electrode and quantitative ion-exchange parameters involving such 

a modified electrode is also mentioned briefly for, this ·is thought 

to ·be pertinent with the objeCtives of the present investigation. 

Progressively alkylated thiazine dyes viz., thionine, azure C 

~T), azure A (DMT), azure B (TMT) and methylene blue are selected 

for the present study not only for their differences in solubilities 

and oth~r physico-chemical characteri sties pertaining to photo

galvanic efficiencies but also because they provide an excellent 

opportunity for studying the effects of molecular size and shapes 

on the various physico-chemical parameters incorporated in the 

thesis. 

(Page 1-12) 

The scope and object of the present investigation has been 

incorporated in Chapter 2. 

(·Page 13-17) 

In Chapter 3, results of the investigation on the nature 
., 

of dye-dye aggregation, the effect of increase of molecular size. 

on aggregation, the probable structure of dye aggregates, and the 

thermodynamics of dye aggregation in aqueou.s medium are presented. 
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Self aggregation of dyes are important not only to understand the 

self quenching phenomena occun.·ing in photogalvanic cells, but 

also for some other important aspects viz, its possible application 

in understanding such phenomena as energy transfer in biological 

s~stems, metachrcmasia, hypochromism etc. and the binding processes 

o£ dyes by clay minerals that incorporated in the present thesis. 

'rri section 3.1.1 1 a brief revie_w on· this aspect ·in the light of 

classical model is presented. section 3 .1. 2, dei,Jicts the theoretical 

aspects of molecular exciton model. A review on spectral preperties 

of dimer in terms of exciton theory is· pre~ented in section 3.1o3. 

(Page 18-38) 

Various characteristics of dyes, ·their structures and 

method of purification are presented in Section 3. 2o The expe'ri-. 

mental techniques for the study of dye aggregation is also 

presented in ·this section. 

(Page 39-42) 

Dimerization constants at various temperatures for 

thionine and its derivatives ·are detennined "by an iterative 

technique and present.ed in Chapter 3. At any particular tempera-

ture, dimerization constant values increase with increase in 

alkyl· substitution. For example, at 30°C values of the constant 

increases from 1o149 x 103 for thionine to 3.574 x 103 for 

methylene blue. Similar trends have been observed at other 

temperatures also. It is also observed that with the increase in 

temperature, Kd value-decreases for all the dyes indicating 

dissociation of aggregation with the rise in temperature. Alkyl 
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substitution effect is found to be significant and also it is 
I 

evident that hydrophobic and vander waals forces etc. in dimer 

formation are more important than possible steric hindrance 

caused by bulky substituents. 

(Page 43-57) 

some important thermodynamic functions of dimerization 

· process are determined in order to know the nature of bonding 

between the monomers in the dirner. It is observed that there is 

a ,J:egular decrease in standard free energy from -17.7 kJ/rnole to 

~ -20e 6 kJ/mole for the progressively alkylated dyes and regular 

'incr~;ase in the value of standard enthalpy (From -28o 6 kJ/mole 

to -24.8 kJ/mole) and entropy changes (From -35.6 J/mole/K to 

-13.6 J/mole/K). The enthalpy and entropy changes are the usual 

values found for hydrogen bonds. The distance between the monomers 

allows the existance of a water layer between them. These water 

molecules would·be responsible for the hydrogen bond formation, 

decreasing the electrostatic repulsion between the dye cations. 

The dimer spectra· have been interpret·ed by using Exciton theory, 
I 

which predicts a splitting of the electronic transition in the 

dimer. The decomposition of a dimer spectrum into two bands 

(monomer) show that the monomer visible spectrum corresponds to 

an electronic transition with two vibronic bands. Transition 

moments, oscillator strengths and resonance interaction energies 

are determined from the dimer spectr~o Using these values the 



twist. angle & and the distance RI and RII (for two different 

models) between two monomer units in the dimer have been calculated 

.for all the five yes. Between the two models, that can explain 

the dimer band splitting, model I (RI values) is the more reason

able one. as the distance between monomers in model I is close to 
,., 

that in the crystalline state as revealed by previous researches 

on monomer-dimer studies of some fluorescene dye anions. 

The inter dipole distance (R1 ) increases.fr6m 5.01A0 to 

6.18A 0 , with increase in alkyl substitution and the twist angle 9 

~ between the transition dipoles decr~ase correspondingly £rom 

57.4° to. 38o 2°. This can also be attributed to increased hydro-

~· I 

··. 

phobic interaction as alkyl substitution creates stronger field 
~ - . 

shch that the dipoles tend toward parallel alignment resulting a 

decrease in dimer vol'lime. The aggregation tendency is enhanced by 

··:the overlap due to more parallel geometry (model I), minimizing 

steric effect. However, steric effect is apparent from the dat'a 

Obtained for interplanar distances (which increases from thionine 

to methyle~e blue). 

(Page 59-66) 

Chapter 4 is concerned with the electrochemical studies 

of thionine and its derivatives on clean and montmorillonite; 

modified glassy carbon electrode.$. A brief review· on the redox 

prcperties of various dyes on clean and ·clay modified electrodes 



using cyclic voltammetric tec~ique is presented in the introductory 

section. 

. (Page 67-74) 

The expe~imental procedure for electrochemical analysis 

using cyclic voltammograph is presented in Section 4.2o P~eparation 

of Colloidal Pt, Colloidal clay·suspension and preparation of clay 

-modified electrodes (GCE/Clay-dye) are also cited in this experi-

mental part •. 

(Page 75-76) 
., 

Assuming a reversibility of electrode reaction with scan 

-1 rates upto 20 mv sec using glassy car~on electrode, the effective 

diffusion coefficients of thionine and four of its derivatives 

at 1.0 x 10~4 M concentration have been calculated. These values 

for thionine, azure C, azure A, azure B and methylene blue are 

. -6 -6 -6 -6 7.90 X 10 i 4.17 X 10 , 7 0 45 X 10 , 7.2 X 10 and 8.65 X 

10-G cm2sec-1 ·respectively. The reduction peak potentials for 

these five thiazine dyes are 0.103, 0.060, 0.080, 0.010 and 
' . 

o.063 valts whereas, the oxidation peak potentials are 0.135, 

·' 0~100, 0.100, 0.1i5, Oo095 and 0.110,volts respectively. Volta-· 

metric measurements are consistent vl'i th two electron reversible 

redo:X couples of dye/leucodye pairs. However, for methylene bl:ue 

it, is observed that the :C,alue of o. 058/4 E is rather low even at 

" low 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 
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> -1) than methylene blue. At higher scan rates ( 20 mv sec AEP 

values increase and all the dye/leucpdye couples devict~ from 

reversibility. Current ratio values ( < 1 ) shows that the electro

generated leucodyes are involved in reactions . which prevent their 

reoxidation upon scan reversal. Quasi-reversible charge transfer 

process of dye/leucodye at comparatively high scan rates is also 

diffusion controlled in nature as is evident from the linear plot 

of ip Vs v~. The nature of cyclic voltammogram obtained using 
c 

concentrated solution of dye ( ) 10-4N) in 0.1M KCl has also been 

discussed. ·l'his sha;..rs shifting of peak potentials to mo.re 'negative 

values and various pre peaks/post peaks so obtained are explained 

in the light of adSorption of dye/leucodye on the surf ace of the 

electrode. ouasi~reversible electrodic processes of dye/leucodye 

has also been ptudied at various ptrs. The heterogenous rate 

constant k for the quasi-reversible proces~es of thionine and its 

derivatives is determined. The kinetic measurements are carried 

out within the range of 40-300 mv sec-1 scan rates. It is observed 

that the rate constants for all the dyes are of the order of 

-3 . -1 10 em sec • Howeve.r, no systematic change of the kinetic 

parameters is observ.ed for the methyl substituted thionines. 

(Page 77-92) 

A preliminary study of electrochemistry of dye incorp~rated 

clay _films has also been carried out. In the study of GCE/clay 

dye electrodes, presence of polyvinyl alcohol and Pt in the clay 

film is found. tq be cri tic·al in attaining better electrochemical 

activity of the clay modified electrodes. The formal potential E0
, 
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.for the two electron redox couples is estimated for the dye 

-1) incorporated clay films on GCE at low scan rates (10 mv sec o 

It is observed that the cyclic voltammograms of GCE/clay - thiazine 

dye are of diffusion type within ·the scan rates 10 to 100 mv sec ... 1 

and is more or less con~tant in case of each dye within 

-1 a scan rate range of 10-100 mv s • Irreversibility of electrode 

processes mi~ht be due to· a coupled chemical reaction involving 

lattice substituted Fe(III) in clay mineral. This Fe(III) is 

active in redox reactions and may compete with electrode reaction 

in oxidizing leucodyes to the corresponding thiazine dyes. However, 

present study with clay modified electrodes is of preliminary 

nature, there is ample scope for further study in this area e.g. 

kinetic study of the above homogeneous reaction, the nature of 

diffusion coefficient of dyes in clay film, kinetics of electrode 

reaction at such modified electrode etc. 

(Page 92-100) 

Since the nature of bonding of dyes on montmorillonite 
. 

and the ion exchange characteristics of such clay has· a vital role 

in the electrodic processes of montmorillonite .modified electrodes, 

a thorough investigation on the interaction of montmorillonite 

and thiazine dyes has· also been carried out (Chapter 5). The 

structure of montmorillonite is briefly discussed in the intro-

ductory part. A review of the •·arlier works on adsorption and 

desorption of inorgar1ic, organic and dye ions on clay minerals 

a? well as on a few other adsorbents.is presented in Section 5.1. 

(Page 101-129) 
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The. methods of analyses and the preparation of materials, 

experimental details for sorption and desorption studies are 

described in Section 5.2. 

(Page 130-134) 

The *dsorption isotherms of thionin~ and its ·derivatives 

on Na-moritmorillonite are of H-type i.e. of high affinity class, 

indicative of strong adsorbate-adsorbent interactions. From the 

structures of· thionine and four of its derivat,tves, it is clear 

that all the dyes can enter into an ion exchange type of sorption 

thrcugh -s- or through ~N- which become positive charge centres· 

by resonance. These structural considerations assign to the dyes 

a predominantly flat orientation onto the clay surface, although 

other possibilities are not entirely excluded. The probabili·ty of 

distribution among the different orientations is condi·tioned by 

various factors such as the basicity of the nitrogen group, the 

number of resonating structures, the molecular geometry of the 

dye cations, the nature of the exchange sites, etc. It is, however, 

to be noted that the flat position is possibly attended with the 

minimum potential energy. 

The adsorption-data of all the eyes are found to fit with 

the Langmuir's equatlon. The Langmuir bonding constant of the dyes 

. follows the sequence MB) Azure B ('rt1T )> AZure A (DMI' ~ .AZure C 

(MMT )) Thionine, suggesting a stronger binding of the substit.uted 

dyes with Na-montmorillonite. The maximum sorption of all the dyes 

exceeds c.e.c. of the clay, thionine being adsorbed more, wi'lich is 



in the reverse order of their rr:olec1. lar size. The bonding constant 

values of these dyes may be attributed to the increase in hydro-

phobic and vander w·aals forces. The expected order of maximum 

adsorption would follo~ the order of their dimerization constant~ 

However, it is found that U1e order of maximum adsorption is just 

reversed. It seems apparent that increase· in steric hindrance, 

during interaction of dyes with montmorillonite, £rom thionine. _ 

to methylene blue is responsible for this behaviour. In addition, 

due to flat orientation on clay surfaces, larger dye molecules 

may cover up some of the exchange sites more effectively, making 

some sites on montmorillonite unavailable for further adsorp~ion. 

(.Page 135-138) 

The efficiency of the inorganic ions in desorbing ·the 

dye molecules from Na-montmorillonite matrix generally increases 

with the crystallographic radius of the ions_ and follows the 

lyotr~pic series with few exceptions. The plot of log(Selectivity 

Coefficient) against hydro.ted ionic radius and the reciproc·al 

of the Debye Huckel parameter 0 
~ , yield straight lines· in the 

case of alkaline earth metal ions while for the alkali metal ions, 

the latter plot is not linear. The cause of non linearity in· the 

case of alkali metal ions has been attributed to the unequal 

fixation tendencies of the ions vis-a-vis interlayer collapse of 

the_clay structure. The plot of log (Selectivity Coefficient) vs 

1/a0 is linear and based on the simple ion exchange model of Pauley 

and the above observations suggest that electrostatic attraction 

between the counter ions and the fixed ionic groups is the major 
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factor in this process of displacement of the dye ions from the 

clQ¥ matrix by the inorganic ions. These plots also establish· a 

correlation that enables one to predict the relative affinities 

of the ions .for the mineral in terms of their a 0 values and hydr~ted 

ionic radii. 

The extent of desorption of all the dyes from their res-

pe~tive Na-montmorillonite complexes by various organic ions is 

roUgh higher than that by the inorgani~ ions and also increases 

with increasing size of the i·ons. Th~s has been explained on the 

basis of the increased contribution of vander Waal forces to the 

adsorption energy and to changes in the hydration status of the 

ions in the clay interlayer. The exchange isotherms ·obtained with 

some Qf the. quarternary ammonium ions and cetylpyridinium ions on 

Na-montmorilloni te complexes of ·thionine and its derivatives .are 

s-shaped which indicates cooperative sorption, with solute molecules 

tending to be adsorbed or packed in rows or clusters. 

The ·selectivity coefficients ·of the monovalent long chain 

+ . + 
su:tface active ions, Cl? or CTMA , are much higher than those of 

the other organiC ion_s, ~ignifying that the former ions are pre-
. . . 

£erred more by the· clay matrix. The results·have been explained 

in terms of the shape and size of these ions and the degree of 

vander waals contact between the organic ions and the clay surface. 

Besides, as the solubility of the organic cations decreases the 

size increases, there is less tendency of the larger ions once 

adsorbed, to get desorbed back into the solution. 



The percentages of desorption of thionine from the Na

montrnorillonite complex by inorganic and organic ions and the 

calculated distribution and selectivity coefficients are higher 

than those of substituted dyes. Therefore, the order of. affinity: 

of the dyes for the montmorillonite surface is MB > TMT) DMI')MNT) 

Thi.onine. This is also reflected in the higher Langmuir bonding 

constant of Methylene blue and is expected in view of its greater 

size and lower solubility. 

(Page 139·-168) 

The. orders of preference of the inorg-anic and organic ions- for the 

montmorillonite-dye complexes on the basis of their desorption 

abilities is, 

a) Na+ (_ Li+ <. K+ < NH: < Rb+ < cs+ 

b) Mg+2 ( ca+2 ( sr+2( Ba+2 

c) TMA+ <TEA+< TPA+ 

d) CTMA + ( cp+ 

The sequence of desorbing ions have been justified in. terms of 

size, -shape, charge and steric hindrance of the adsorbates and 

the desorbing ions as well· as the charge density and swelling 

· · properties of the clay. minerals. 


