CHAPTER 1

INTRODUCTION

The search for renewable sources of energy has led to an increasing
interest in photochemical cells because of their possible role as transducers of
solar to electrical energy. It has been observed that photo effects in
electrochemical systems are enhanced if the 'el‘eetr_o_'('ieig__a‘lje coated with‘dye'.stuﬁi'
It nas been reported that pure metal electrodes become sensitive to-light when
coated with a dye or immersed in a dye solution.! Convenient, continuously
‘tunable lasers can now be produced to cover the entire visible spectrum using
organic dyes as lasing medium. The visible"absorption spectra of organic dyes
exh1b1t strong dependence on ccncentratlon in aqueous solution because of self
' aggregatlon ? Aggregation affects colour, solublhty, photophyswal and photo
chemical behaviour of dyes. A systematic study of the aggregation
characteristics of dyes-from speC‘trophotometri'c data has become a useful field of ,
research because of its possible application in undeﬁstanding sncll phenomena as
energy transt'er in biological eystems, metachroxnatia-, hypeehrommm and
conformation of polypeptides, and sfaining properties of dyes for biological
specimens etc. The force responsible for holding the component molecules in the
dimer or in polymer is not yet well understood. Nevertheless, it is ,cleer that for
ionic dyes, aggregatlon would be possible if there exists some veéry strong
attractlve interaction, which first of all overcomes the coulomblc repulswn and.
then brlngs the component molceules to a reasonable d1stance to form dimers
and subsequently high polymers. The geometry of the dlmer in selution viz, the.
inclination of the component molecules in the dimer as well as their minimum
distance ‘of approach are of great significance in order to understand the role of
hydrophobic interaction and steric factors in such aggregate formation. There
have been different approaches to the problem, the simplest of which is. the

theory of exciton coupling.* The splitting of the energy levels has been nicely



explained by the theory of exciton interaction. For a perfectly vparall_el dimer,
only the high frequency or the short wave length peak is e'xpecte'd‘to a'p’pear
whereas for the head to tail dimer only the red shlfted peak is allowed. But for

any 1ntermed1ate geometry, both peaks may appear

The electrochermcal and photoelectrochemrcal effect of dyes are'

'attractmg attentlon partly due to'the. 1nterest1ng role of the: dyes in solar energy
“conversion and_, partly because they ,proyld_e convenient means of _probmg
 electrodic process It is commonly believed that the primary processes which

lead to photo. voltage generat1on in a such system do not occur at the electrode-

' 'electrolyte interface, but are results of photochemlcal react1ons in the bulk of the -

‘ ‘_:'solut1on whlch are followed by the diffusion of electrodlcally act1ve photo-»
products to the _electrode surface w_here ele__c_tron transfer taken place.

Mechanism and kinetics of electrode processes precise‘ly determine whether the
electroactive species are likely to react on the eléctrode or lost by diffusing away

or reactmg in the bulk of the SOlUt]Ol’l ,

On the other hand a surfactant (surface actlve agent) 1s‘a~molecule or 1onf :

~  that possess both polar (or 1on1c) and non-polar m01et1es 1 e., it 1s amph1phlllc o ,

" Large variations in structure are possrble the polar group can have varied charge

. and nature (e.g. alkyl sulphate, (tlkyl phosphate or alkyl ammonlum) and be’

U'attached to alkyl groups of varyrng lengths (8-18 carbon atoms) or to other'.
) hydrophoblc moieties. o ‘

In very d1lute solut1ons surfactants d1ssolve and ex1st as monomers but -
*when the1r concentratlon exceeds a certain-minimum, the - *S0 called crrtlcal :
micelle: concentration (cmc) they assocrate spontaneously to form aggregates |
The term “micelle” is used for an entity of colloidal dimensions, in dynamrc ’
equllibrlum with the monemer from which it is formed ‘As the surfactant |
~ concentration increases-above the cmc, the addltlon‘of fresh monomer results in

the formation ‘of new micelles, so the: monomer concenfration remains



essentially constant and approximately equal to the‘,c_:mc. Micelles formation is a
result of the dual nature of the surfactant molecule, the hydrophobic part trying
to escape from the bulk water, and the hydrophilic part interacting strongly with
the water. Water haﬁ an op-e‘n structﬁrc because of three dimensional hydrogen
bonding, which permits the existence of clusters of water molecules containing
cavities of specific sizes which can accbmmodate nbn-bol_ar chains.® For a given
' surfa‘ctént, at a given temperature, only a certain amount of | monomer can be .
acco,mmodafed in the cavities and any further addition of surféofant will result in
the formation of micelles. In other words, the further addition of surfactant
provides a driving force to. minimize contact of the monomer hydrocaern.
chains with water. Therefore, according to Langmuir’s principlé of differential
: 'solubility, the hydrocarbon chains-clu'stcr's.to form a core ('m_icellar_\cbre) while

the polar. groups interact with the water.”

Each micelle consists of a certain number of monomer molecules
(aggregation number, N) which determines its general size and.shape. The exact
size and shape of micelles is stll uncertain but it is assumed that an ionic
micellar in dilute aqueous solution is rb_ugh_ly spherical. The chargéd" (or -polar)
hydrbphilic groups are directed trowafds Aaqueous phase (étern.iayér); while fche.
hydrocarbon chains are directed -a.way from the water -(fqnhing the hydrophobic
central core). The region adjacent to the stern layér contains a high density of
counter- ions of the polar heads (Gouy Chapman double layer) and separates the

hydrophobic interior from the bulk aqueous phase.®

It fs interesting to note that although it is.usuall‘y assumed that there is a
fairly well-defined water layers around the micellar surface, there is no
aggrement, on the composition of the micellar core, i.e.-whether it consists of
pure hydrocarbon or of hydrocarbon mixed with water. However, water

penetration in micéllar core is still a-matter of controversy.-
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Current thought on the controversial “water exposure of micelles” is
founded mainly on low angle neutron scattering experimonts_.?i This modern
~concept discusses the main characteristics: of the tholecﬁ-lar :oorlfol'mation in
micélles in terms of the predictions of the “interphase model”.”® - Interphase
theory prediction are in aggrement with experimental_data and are pérticularly

consistent with some principal featurés of micellar structure.

(1) the micellar core is virtually devoid of water, according to

Langmuir’s original principle of differential éolu‘bi.lity;

(ii) ‘micellar chains are randomly distributed and steric forces

determine the final structure;

(iii) - contact of the hydrophobilcl sections of the. micelle with water
results from a disordered structure in which' the terminal
g_l‘loup'sl_or cham ends are nea'r‘the micellar surface and thus
exposed to l)_ulk water.!” | | |

Although the “water penetration” concept of the hydrobhobic sections of

micellar is now less acceptable than the “water -exposoro” .conc_ept,- this
controversial topic still under debate.!12 | o |

In analytical chemistry the main use of Hsurfacta_nt's is in

spectrophotometfy and fluorimetry, p_arﬁcul-arl—y in .the devélooment of new
‘methods of metal ion cleterrriination. Micelles are responsible for many of the
practical applications of detergents such as: 1) enhancement of the solubility of
organic compounds in water, owing to their incorporation in the micelle, where
they' experience an altered micro-environment (ii) catalysis of many reactions,
usually - explained - in- terms--of - a -“concentration effect” in the micellar

pseudophase (iii) alteration of reaction pathways, rates and equil'ibria.s.



Typical chromophoric reagents which have been used to determine metal
ions by use of surfactants as a third component include derivatives of the

triphenylmethane series, azo compounds''?

, anthraquinone dyes, phenoxazone,
oxine derivatives etc.'®"? Although considerable attention has been paid to the
analytical applications, the nature cnd mechanlsm of these types of reactlon are
. still not clearly understood. However involvement of micelles .in pract1cal
problems such as detergency has bzen known for a leng time. The fundamental
investigétions on micelles in the early days were concerned mainly with the
structure and propertles of |mcelles as association colloids, the monomer-micelle
-equlllbrlum and solub1llzat1on by mlcelles *% In recent years, the use of micelles
as “model” systems®' for a variety 'of problems related to monolayers, colloidal
\ ‘systems 1n general, proteir'_ls:, enz_ys('rles a_nd‘ membranes as also tlle?-rhoh:omer-
micelle equilibrium system as a' “model” system for. ,hy_drophobi'c irltéfacﬁons"‘,
which are of central interest in biology have expanded the range of interest in

micellar phenomena greatly: An additional impetus has been the recognition of

~ the important role of micelles in pl'lysiologioal s‘_ystems‘.22
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