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CENERAL LATRODUCIION

Surfece active agents,well known for their speecific
behaviour of altering the surface energy of their solvents,
have been obtained from natural products by extraction or
modification sinee prehistoric times. These products have,
hovever,always found limited applicabllity due to their
instablility in the acid solution or their tendency to
undergo hydrolysis in the agueous medium, The industrial and
technical developments which came in the wake of the first
world war,focussed atteation on the disadvantages of these
soaps and a vigorous search vas made to have soaps or
surfactants which besides being free from these disadvantages
may be more effective and industrially useful, The discovery
of synthetlic surface active agents is thus of recent origin
as compared to those obtained from natural products.

Most of the interest in surface chemistry has centered
about the behaviour of surfactants in water although examples
depicting the use of organic solvents for bringing them into
solution are not wanting, Generally speaking the water
soluble surface active agents can be classed under two heads,
the ionic and nonelonie sosps. Of the two,the former have
undergone further subdivision ;Lnto anionic and cationie
soaps, depending upon the charge which the large hydrophobic
part attains when brought into the solution. On the other
hand nonelonie soapsj,although not ionizable,possess a



sufficlent number of lonizing polar groups,e.gey =Oe,-0i,

« CONH eye C00, which make them soluble in water, And yet
there is another class of compounds named amphoterie
surfactants vhich ionize in solution with the long chain
carrying either positive or negative charge,depending upon
the pH of the solution, Desides there are surfactants wvhich
fall under polymers and fluorocarbons,

Noneionie surface active agents have greatly attracted
the attention of industry with the result that they are
finding increasing applications and appreciation in many flelds,
The advantages of nonelonlec agents are based on such fundamene
tal concepts of surface chemistry as the modification of the
property of each compound by simply changing the length of
polyoxyethylene group, the ease with which they can be mixed
and formulated,their stability towards pl and chemical
inertness and their nonevulnerability towards high concentrate
ions of electrolytes,

Surfactants have been put to use in industry,
technology and allied fields, They are finding inereasingly
great use in medicine and hygeine as powerful bactericides,
as agents for preparing skin lotions,olntments and emulsions
of the sex harmones (). A very large proportion of the
total surfactant production is used in textile industry. The
importance of surfectants in the field of cosmetics, metal
and mineral technology,in paper,leather,synthetic rubber,
polymer,plasticypaint,petroleun industries is nov well
established, Although the dbuilding and construction



industries seldom claim the use of surfactants for soil
stabllization,the possibility of their belng used as soil
stabilizers can be explored (. Their usefulness in agricule
ture to improve physical properties of tmulnr- and soils
(3 and in bringing about quick germination of seods is also
being gradually recognised.

The selection of surfactants for specifiec application
is governed by some of the distinction features like adsorpe
tion and orientation of molecules at the interfaces,micelle
formation above a certain conceatration known as eritical
micelle concentration ( c.m.cs) , solubilization of water
insoluble substances by micelles etec,, Truly speaking
amongst colloids it is the surfactants which possess the
unique distinetion of exhibiting reversible thermodynamical
equilibrium between colloidal aggregates and surrounding
environments, ’

Many physical properties of the surfactants exhibit
more or less an abrupt change over a narrov concentration
range, This abruptness in property has been utilised in the
deterainstion of cemeces A number of methods based on
electrical conductance ( 4e8), osmotie pressure (9) ,vapour
pressure (10) yviscosity (11) ye.m.fs (12) ydiffusion (13,14),
freezing point (18 4solubility (16,17) gsurface tension
(18+20) y refractive index (21) , polarography (29 ,light
scattering (23) measurements have been employed from time
to time by various workers to study the micellar properties



of surfactant solutions, Of these the light scattering
method 1s of speclal importance since it affords the determi-
nation of both the aggregation number and c¢.m.c. of the
surfece active substances (ionic and noneionic) ., Spectral
dye method for the determination of cem.ceq first initiated
by Hartley (24) , has met with great success (25+27), This
method has nov been extended to noneionie surfactants also
(28+209) , Another methodj,although an indirect one,has been
used to provide evidence for micellie formation., It is based
on the abllity of the surfactant solution to dissolve or
solubilize water insoluble dyes at the cem.c, (30,31, This
method can be equally well employed in the case of both
aqueous (32 and noneagqueous solutions (33«38 of surfactants,

All surface chemists subscribe to the existence of
micelles in solution of surface active agents but opiaions
differ as to their kindsyshapes and mechanism of formation
(36-39) . McBain considers two kinds of micellesyone a highly
conductingyspherical one revealing its existence before
cem, ¢y while the other, a noneconducting lameller micelle
making its appearance beyond c.,m.Cse Contrary to McBain's
views Hartley (40,41) acknovledges only one kind of micelle,
namely the sphericsl one. On the other hand Debye (42) has
proposed a cylinderical micelle while others (43,44) have
indicated the presence of rod like micelle giving impression
of a stack of coins,



Light scattering tochnigue is probably the most
poverful tool which can be employed to fathom the mysteries
of micelles, It affords the dot.onimtion of micellar
molecular weight (45-48) , amount of charge on the micelle
(80) , and dissymmetry (51), This method singly provides such
a hoard of information which other methods like diffusion
(62«84) y Xeray (55,66) 4 ultracentrifuge measurements (57
and sedimentation data (58 may not be able to give when
used collectively, Recently Schott (89) calculated the
micellar molecular welght and aggregation number of some
ionie and noneionie agents by solubilization, Such effects
as the decrease in c.m,¢, and increase in micellar size
(60,61) on the addition of salts to surfactant solutions
can be studied by this technique,

Thermodynamical considerations of Debye (48 based on
the free energy of the micslle rather than of the eatire
system aroused great controversy (62,63). Reich (62 pointed
out that Debye's treatment was not conclusive and could
not provide explenation for such simple facts as the formate
ion of micelles by noneionie surfactants., Other workers
like Philips (64) made simple assumptions that the micelles
are mono-dispersed, with all of the micelles having
essentially the same size and charge while Hoeve and Benson
(68 ecriticized the simplieity of such statements, Later on,
Nakagawa et.al,, (66) put forward a theory which envisaged



such factors as heat of hydration and configurational
entropy terms of the hydrophoble chains in discussing the
formation of associated colloids, This theory could give
the quantitative prediction for c.m,c.,micellar weights,and
other properties but could not reasonably explain tempera=
ure effects and clouding phenomenon, Stainsby and Alexander
(67 have calculated the change in heat content and also in
entropy at micelliization from the temperature dependence of
the c.m,0, of surfectant., Recently,the heat of micelilzatio
in aqueous solutions of varioue ionie detergents has been
determined by direect calorimetric measurements of heats of
dilution ( 6871 ),

Attempts have been made to discuss micelle formation
in terms of phase separation,But the aggregation number of
micelles,30 2000,1s not large enough to treat the
micelle as a phaseythough it seems adequate to call it &
pseuodophase ( 72 ). It is,however,convenient to use the
model based on the law of mass action for micelles with smal
aggregation number while phase separation model is preferre
to vhen dealing with large aggregation number.Critical
wieelle concentration in terms of phase theory would then
mean as the saturation solubility of single species,which
if excoeded,leads to the production of a new phna;.'

Dependence of e.,ms¢eis not limited to the chain
length but factors like the position of the ilonie group in
the alkylechain( 73 ) ,presence of double bond and also the
substitution of polar group for hydrogen in the hydrocarboen



chain influences the c.m.c, of the surface active agents,
The difference in cem.c. of various surfactants having the
same hydrocarbon chaln has been found mainly due to the
kinds of hydrophilie group, the number of charges on
geggenlonsymolecular shape and so on (66,74,75) . Lottermoser
and Puschel (8 have reported correspondingly smaller
Cell, 08, for bivalent Zn,Cu, and Mgesalts than for univalent
Nay,Kyand Agesalts of the alkyl sulphates, The ec.m.c. is

not markedly dependent on the nature of geggenions (7€),

The effect of additives and salts on the cem.e,
of surface active agents has been studied by a number of
investigators (21,26,76-80), It has been found that the
congentration, number of charges on geggenions are the
important factors, The addition of salts to the solution
of noneionie agents has a relatively small effect (81,

The physicoechemical properties,such as surface
tension (828) y cemice (7,78,83,84) foaminese (88 ,foam
stabllity (78, and solubilization of hydrocarbon (86,37)
change considerably in presence of a very small amount of
paraffin chain alcohols, The e.m.c. change due to the added
alcohols is very important both academically and industrise
lly to elucidate the phenomena, Huteninson et.al.,(3% have
measured the effect of cyclohexane, neheptane and toluene
on the cem.c. of dodecyl pyridinium chloride by electrical
conduetivity, resulting a decrease in the csm.Ces The
effect of added dloxane,glycol, methanol,ete. on the Gemecs



has been reported by Harkins et.al.(38.
LNIERACIIONSs

Interactions of soaps with other materials offer an
entirely new field of study of both fundamental and applied
importance, The materials with which the soaps or surfactants
would interact,include soaps (89) ydyes (90) , high
polymers (91) , proteins (92) ymetal ions (93) yelays (04),
simple organic compounds ete..
Soap and soapt« Interaction between one soap and the
other leads to the formation of mixed micelles (98 . A
typical case is a mixture (96) of ilonle (e,.g.sodium
dodecyl sulphate) and noneionic (e,g.polyoxyethylene
dodecyl ether) agents in the agueous medium, It has been
observed that the presence of an ionie agent obstructs the
inerease in micellar weight of the noneionie agent and
enhances the cloud point, Investigations on the c.m.cs.
and the micellar properties of the mixture of ionie(97-100)
and noneioni¢c surface active sgents (101,102 have proved
of immense value in clarifying our ideas of micelle
formation and preferential micelle forming tendency, The
study 1s also very useful from the industrial viewpolint
because commercial surface active substances almost alvays
contain some higher or lesser homologes as an impurity,
Soap and proteinte These interactions have been extensively
studied from both blochemical and industrial point of
views (103-109), Xuhn et.al.(103) showed in thelr study on
cationie surfactants that disinfecting action of these



agents on bacteria can be attributed to the combining
pover of these compounds with cell proteins, The effect
of chain length of surfactant ions on complex formation
with gelatin has been recently observed, Jerchel and
coworkers ( 110 ) studied the reaction of cationie
surfactants with a wide variety of proteins, Equilibrium
dialysis and electrophoresis techniques ( 111,112 ) have
been usually employed in these studies but other methods
like turbldimetry,fluorimetry,surface tension and
viscosity can be employed for these studies, Even polaro=
graphle waves other than the diffusion controlled ones
can prove to be of immense value in such studies,
Soapemetal interactions= Soaps of metals like copper,
nickel ,mercury,sine,cobalt ete., have been prepared by
metathesis ( 113 ), Besides their industrial and technical
importance ( 114 ) ythese sceps can be fruitfully investie
gated from the polnt of view of their solubility in
organic solvents and the nature of the nic.cuu viseaevis
those formed in the aqueous medium, Their studies in
organie solvents in close gel forming effects of the
system with some other causative properties like Xeray
structure,dipole momeat,viscosity,temperature,solubility
coefficients ete,( 115,116 ), Techniques like polarography
( 117-119 ) , spectrophotometry ( 120,121 ) ,e,m,f,
measurements using metalemetal soap and membrane
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electrodes ( 122 ) yviscometry ( 123 ) measurements and
radio=isotopy ( 124 ) have recently been used to study
the physicoechemicel behaviour of socaps.

Schulmsn (93 ) has studied the reactions of copper
with dodeeyl sulphate while Walton ( 126 ) and Von Voorst
( 1268 ) have prepered the mercury salts of anionic surface
tants, Interaction of socaps with complex compounds like
gine amine ( 127 ) has formed the basis for the recovery
of the surfactant from the solution, Potassium dichromate
( 128 ) forms an insoluble compound with cetyl trimethyl
ammonium compound,

Oleophilie colloids like metals and metal hydroxide
sols would also react with soaps ( 129-134 ). Recently
Ottewill ( 135 ) examined the effect of nonelonle ageats
on the stabllity of Ag sols.

Soapeclay interactionse Until receantly the effective
utilization of elays in conjunction with various surfactant:
vas largely a matter of art and empirical knowledge,Because
of the differences in the polarity of charge on edge and
face surfaces of clay minerals( 94 ) jone can expeet that
organie cations will be adsorbed on the negative surfaces
and organic anions at the positive edges, In analogy with
water,polar orgenic compounds will be adsorbed on both
hydrophilie surfaces. Long chain aliphatic amines can be
anchored on clay minerals{ 136 ) like bentonite,imparting
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to them strongly organophilic properties,

Cashen (137) has used cetyl trimethyl ammonium
bromide to distinguish planer and edge functions of clays.
Clays have also been used to sordb the normally liquid none
ionic detergents when they are used in powdered household
detergent formulations (138,

Sospedye interactions« Interaction between dyeestuff and
surface sctive agent is a complicated phenomenon and not
much has been achleved in this direction, This is not
surprising since the behaviour of the dye in water is not
yot satisfactorily elucidated, Some dyes associate even at
a fairly low concentration giving aggregates which remain
in equilibrium with the monomer. Pinacyanol dnorldq
belongs to this type (28, Inspite of all these limitations,
this interaction can be usefully applied to determine the
CeMe e Of the surfactants, The method is named as & spectral
dye method and vas first developed by Hartley (24) and was
later on extended by many workers (2527), Mukerjee and
Mysels (130) has used this method in determining the e.m.c.
of sodium lauryl sulphate, The colour change sceompanying
this resction was sttributed to the formation of dye
detorgent complex, Hiskey and Downey (140) confirmed the
existence of a complex of methyl orange with octadecyl
trimethyl ammonium chloride at different pH values vhile
Colichman (141) investigated the complex formed by the
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interaction of bromophenol blue with quaternary ammonium
compounds, A colorimetric method based on determining the
quantity of bromocresol purple liberated from a protein
complex with dye on addition of the anionie detergent,has
recently been proposed,

In recent years,the interaction of noneicnie
surfactants with dyes has been investigated (29), Nakagawa
(142) has calculated the partition cocefficient of the dye
and from that the partition is very favourable to the
incorporation into the micelle, The importance of this
reaction in dyeing process (143 1s well recognised now,
For example,dyeing with Fhodamine B is improved by using
e llxtu: of the dye and sodium alkyl sulphate,
SOLUBILIZATION,

Organic water insoluble compounds becomes soluble
when brought in contact with the aqueous solution of the
detergents, This phenomenon has been named as solubilization,
Direct evidence of the fact that the solubilized material
is present in the micelle is provided by Xeray measurements,

Many interesting aspects of the phenomenon have
been investlgated. For example,MeBain and MeBain (144)
found that the components in solubilized systems are in
thermodynamical equilibrium, Melay (148) has studied the
effect of added solubilizates on the c¢loud point. Gtearns
et,al, y(30) JKolthoff and Graydon (146) , XKolthoff and Stricks
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(147) 4 Kivens (148 and Richards and MeBain (148) think
that the addition of electrolytes inecreases the extent of
solubilization grestly, Green (150) has studied the
inoreasing effeet of solubilization of Orange OT by the
addition of hydrocarbons, The introduction of a polar
group in the molecule and also the presence of a double
bond increases the extent of solubilisation (30).

Palit and MeBain (151) have shown that soap
greatly incresses the mutual solubility of benzene and
ethylene glycol, Further Palit and coworkers (152188
have pointed out that the mixtures of surfactants are
frequently far better solubilizers for vater than the
same surfactants taken individually. They have presented
the data for & large number of the systems in which water
is the solubllizste,with both the solubiligzers and the
solvents representing a wide range of chemical structures,
Solubilizing effect of some basie organie compounds on
the metallie soaps has been studied extensively by Palit
et.al, (166), They pointed out that glycols are strong
solubilizers for heavy metal soaps (187).

The influence of surfactants on electro-chemical
processes of industrisl and metallurgical importance is
fairly well known, From the viewpeint of fundamental
study,the effect of surfactant a’ the solution mereury
interface is of speclial interest, This subject has not
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been fully investigated and offers a fresh avenues for
further vork,

Proskurnin and Frumkin (158 , for the first time
made use of differential capaclty measurements at the
solution mercury interface in order to investigate the
adsorption of colloidal surfactants at the solution
interface, Their vork was further extended and improved by
Grahme (159) who applied it in an extensive study of the
structure of double layers., Eda (160) carried out investigae-
tions on the adsorption of paraffin chain electrolytes on
the solutionemercury interface,but little information (16l)
is avallable conecerning the effect of compounds of high
moleculsar weight such as polyoxyethylene lauryl ether,

Surfaece active agents influence the rqductlon at
the dropping mercury electrode (d.,m,e,) in more than one way,
The adsorption of the surfactants at the d.m,e. may
decrease the limiting current, shift the half wave potentials
and in some cases oblitrate the entire wave. In some cases,
the presence of surfactants results in the appearance of
adsorption or catalytic waves (162 while in others,instead
of suppressing the maximag,enhanced current in the form of
kinks (163) appear. |

Colichman (22) and Temamushi et.al., (164) have
studied the effect of some lonie and non-ionie surfactants
on the polarographic reduction of simple metal and complex
ions vhile Meits (168 and Zuman (166) have studied the
suppressive action of a number of these compounds, Kolthoff
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(167) has recommended the use of polyaeryleamide as a
maximum suppressor in the case of rotating platinum
electrode, Reiliey (168 and Smoler (160) had studied the
effect of surfactants on polarographie currents,

Holleck and Exner (170) have observed the effect
of these compounds on the reduction mechanism of nitroe
compounds at the de™,¢.. Stromberg (171) has studied the
effect of camphor on the eclectrode process of cadmiume
amalgum electrode, while Silvestroni (172 has shown that
the helf wave potential of oxygen shifted to more negative
potential by the presence of these compounds. Kemulla
(173,174) 4 Schwad (178 , and Kolthoff (176) have studied
the reduction waves of copper in presence of surface active
agents,

Recentlyy,nev {ields have been covered, These include
the polarographle behaviour of fatty aclds (177 and
quaternary ammonium salts (178 , the effect of surfactants
on the maxima of anlons (179) , inorgenic ions (180),
behaviour of some substances at the d.m.e, at different
frequencies (181) and the researches of Doss and coworkers
(182) on the effect of gelatinjyacetone,thymol blue,ete.,
on the capacity of double layer., The latter author has
also studied (183) the behaviour of bromoecresol purple
blue,bromo=-thymol blue and cetyl pyridinium bromide at the
dene®e in order to see their effect on the capacity of the
double layer. More recently, Chaki (184) studied the effect
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of these compounds in oscillopolarography vhile Hagi

{ 185 ) observed the effect on the chronopotentiograms of
PR - e b

Cu  4Pb 4,Cd " and Bi in various supporting electroe-

ilytes,

The surfactants are generally identified by
surface tension and elemental analysis, Dyes and certain
other indicators ( 185,187 ) are used to estimate the
fonie surfactents in the mixture, Freston( 188 ) escribed
a tensiometris titration for the estimation of surfactants
vhile Wilson ( 189 ) described a gravimetric method for
quaternaries, Recently Jorden and Urner ( 190 ) have
described a polarographlie method for the determination
of sulphite and sulphates in petroleum sulphonates.

Despite the great commercial importance of the
noneionicgs,relatively few quantitative analytical
procedures for these substances have yet been developed.
Harada and Kimura ( 191 ) studied the precipitation reacte-
ion of bismuth nitraste and potassium iodide with none
ionics, The precipitate does not have a definite stolechio-
metric composition,but the inorganie components ineluded
in it have a definite compositions,In order to remove the
interfering substances the use of a suitable solvent
( 192 ) and ion exchangers( 183 ) have been carried out,
Surface active agents form an inclusion compound with
amylose in which the hydrocarbon chain penetrates into
the amylose helix( 194 ) .The inhibition of iodineestarch



17

colour reaction in the presence of non-ionies has been
utilized to determine the concentration of nonelonics,

The impurity or heterogenity of a noneionie surface
active agent includes many complications in its physicoe
chemical properties, The molecular distillation method,
chromatography especially paper partition chromatography
(198 have been employed for the purification of none
ionles,

Recently,selective adsorptivity has been determined
for several palrs of detergents by radiostracer techaique
(196) in order to analyse the action of a mixture of
surface active agents and to clarify the effect of highly
surface active lmpurities,
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JHE PROBLEM

The work described in the thesis deals with
the following aspects of the chemistry of noneionie
and lonle surfactantss
( 1) The behaviour of noneionie surfactants as
polarographic maxima suppressors and thelr relative
superiority to lonie surfactants,
( 11 ) C,M.C, determination of noneionic surfactants
by polarography and spectrophotometry ( lodine solubie
lization and spectral dye methods ) and with the help
of electrocapillary curvesea method which has not so
far been used for ce.m.c. determination and offer a
nev approach for extensive studies,
( 111 ) Quantitative studies on the binding of dyes
vith ionic surfactants carried out spectrephotometrie
cally.
( iv ) Polarographic estimation of lonie surfactants
by determining the decrease in wave-height of dyes.
( v) Polarographic determination of aggregatien
number of dyes and the effect of additives known for
breaking the water structure the aggregation of dyes,
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CHAFILER I,

Noneioniec and cationie surfactants as maxima suppressors.
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ILNTRODUCT I QN

The appearance of maxima in polarographliec waves is
a well known phenomena, Although conflicting views exist
regarding thelir origin (l-2) ymany experimental facts like,
the existence of positive and negative maxima (3) ,their
nonereproducibility (4) jdependence of their shapes on the
composition of electrolyte solutions (8) yheight of the
mercury column (6) jemergence of the maxima of the second
ikind (7) yappearance of kinks in presence of suspensolds
(9 ete,j,offer several new flelds of investigation,both
of fundamental and applied importance,

A simple consideration of the phenomenon of the
maxisum suppression would reveal that investigations in
this direction are not limited to the discovery of new
meximum suppressors but various factors affecting the
equilibrium at the mercurye-solution interface can be studied
by carrying out polarographic determinations in presence
of surface active compounds, Attention to some such polnts
will be drawn in the following paragraphs,

The maximum suppressors cited in the literature,
include substances like,protelns,carbohydrates,dyes,soaps,
surfactants,etc,,but only a few of them like gelatin,
methyl red and Triton x«100 are generally used for this
purpose, Even then a substained effort in this direction
is being made so that new suppressors which would prove
useful for difficultly suppressable maxima without produeing
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insidious effect at the electrode surface may be discovered,
The use of material like Triton X100 (9) ,polyacrylamide
(10) ythiobarbitrates (1l) yseparan (12 as maximum
suppressors in a few difficult cases may be cited as
examples in support of the above viewpoint., Investigation
by Mallk et,al., (13«14 with alkyl aryl sulphonates,
quaternary ammonium salts as maximum suppressors for a
number of difflculty suppressable simple and complex metal
ions over g wide range of hydrogen ion concentrations is
another example of the discovery of new surfactants for
polarographie vork,

Other interesting aspects connected with the
discovery of nev maximum suppressors and their influence
on polarographic reduction are the work of Reilley (18
and Smoler (16) on the effect of surface active agents on
polarographie current,that of Badinand and Boucherle (17)
on the inhibiting power of polyethylene glyecols and of
Capitanio and Pittoni (18«19) on the suppression coefficlent
of sulphonated naphthyl stearic acid, Holleck and Exner
(20) investigated the effect of surfactants on the
mechanism of reduction of organic compounds while Kryukova
and Campbell (21) studied the effect of these compounds on
the rate of mercury flow, The work of Kolthoff (10),
Kemulla (22 aend Schwab (23) on the effect of surfactants
on copper waves is also an interesting study wvorth mention-

ing.
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The presence of surfactants in trace quantities
not only bring about a suppression of the maximum
(sometimes accompained by decrease in the limiting current)
but also bring about the shifts in the half wave potentials,
appearance of minime or deceiving split vaves,kinks,
obliteration of the entire wave etec.. These effects are
usually discussed in terms of adsorption of the surface
active substances at the interface of the electrode and
the depolarizer and can be well demonstrated from the
study of electrocapillary curves,

Gouy (24)  for the first time demonstrated that if
small quantity of surface active substance like octanol
is added to the solutiony,the electrocapillary curve
changes its form resulting in the displacement of the
electrocapillary szero (e,c.z,) downward as well as sideward,

The shape of the electrocapillary curves depends
on the nature of the solution and provides useful informate
ion on the capillary activity of dissolved substances and
the structure of the double layer. A close relationship
exists between the electrode potential and interfacial
tension,and symmetrical parabolic curves are obtalned if
the sdsorption of ions takes place at the mercury surface,

Colichman (28 and Tammsushl et.al. (26) have
studied the formation of micelles of surface active agents
and discussed their effect on the currentevoltage and
electrocapillary curves, Several Russian investigators
(27) has confirmed the finding that the inhibiting action
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of the paraffin chain compound on the currentsvoltage
and electrocapillary curves is essentially connected to
the coverage on the electrode surface by adsorbed
molecules or ions. Meibur (28 used the electrocapillary
curves to determine the extent of adsorption of organie
substances, Recently Barradas and Kamerlle (20) studied
the adsorption of highly surface active agents such as
Triton X-100, Triton X35 and Iriton X305 on d.m.e, by
plotting electrocapillary curves in 0,1 N KCl,

The studies on adsorption of highly surface active
agents by conventional polarographic drop-time measure-
ments is of special interest in investigating the electro-
chemical processes such as the mitigation of eorrguou by
inhibitors and the attainment of smooth deposits and
polished metal surfaces in electroplating. Some studies
along this line are reported in the literature (30«32,
Heyroveky (33) mentioned the effects of the films of
adsorbed molecules such as pyridine in the discussion on
the mechanism of electre deposition of metals, Handles
(34) demonstrated that rate of some electroechemical
processes at the mercury cathode is changed by the addie-
tion of a small amount of gelatin and methyl red to the
electrolyte solutions,

The polarographic maxims have been found useful
in both snalytical and applied fields. Their study
provides a rapid method for determining the surface
activity (35 and also the concentration of the compound
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(36) « It can even be employed in determining the c.m.c.

of surfactants (28 . In the applied fleld,polarographiec
maximum has found use in biology and medicine (37-38 ,in
testing the synthetic and natural products (39) , the
purity of water (40) ;in the estimation of refined and also
in determining the wetting power of surfactants (49,
Striking similarities have been reported between the
processes involved in polarographic maximum suppression on
one hand and the metallie oorrglion and its inhibition on
the other (43).

The problem of polarographic maxima and electroe-
capillaery curves reviewed above has been investigated mostly
in presence of surface active substances like dyes,
proteinsyor lonle surfactants, Vo‘ry fev references,mention=-
ing the use of noneioniec surfactants in these studies have
so far been reported, Probably the only exception is
Triton X«100,mentioned by Meits (9) and Colichman (28). In
this chapter,the use and relative merits of some new non-
ionie surfactants as maximum suppressors for simple and
complex metal ions and their effect on the electrocaplllary
curves in potassium chloride as the extraneous electrolyte
is deseribed, The results obtained from these studies have
been compared with one or two typical lonie surfactants.
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EXPERIMNE LT AL
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Lauric acid diethanolamine condensate (LDO) was
prepared in the laboratory by the method recommended by
Eritchevsky (44) . The conditions used for obtaining it were
briefly as follows,

One mole of laurle acid (B,D.H,) and two moles of
diuthmlulmwndxﬁlnsponumuu. The mixture
vas heated to about 150-170°C on an oil bath for about one
hour, At this temperature,water got slowly distilled off.
The formation of the lauriec acid diethanolamine condensate
or lauryl diethanolamide took place according to the
equations

CallgOH
CinlasCOOH + HN ( CaHgOH) g <» CaHagCON A + HaO,
g CaHeOH

The fuel product obtained was a clear yellowish
brown liguid of high viscosity. It was readily soluble to
a clear solution in water and had a pH of about 9,00,
ml

Honeionic surface active substances visy Honldet P40
(100% poly ethylene oxide condensate) jNonidet P2
(condensation product of dloctyl phenol and ethylene oxide) ,
and Nonex 501 (methoxy poly ethylene glycol laurate) and
ecationiec surface active substances viz, ycetyltrimethyl
ammonium bromide (CITMAE) and cetyl pyridinium bromide
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(CPH) were all BDH products, All were used without further
purification.

Lauric acid diethanolamine condensate was prepared
in the laboratory. Their solutions were prepared in double
distilled water (all glass).

Solutions of lead nitrateynickel chloride,cobalt
chlorideycopper sulphate and cadmium lodidé were prepared
by dissolving A.R.samples in double distilled water., The
strength of the solutions were determined by usual methods.
Solutions of potassium nitrateypotassium chloride and
potassium iodide were also prepared with A.R.samples,

Pyridine used in studying the polarograms of M*'.
co' mixture was obtalned by distilling A.R.semple, AR,
glycine was used while biuret was prepared in the
laboratory (48 .

AFFARATUS,

Polarographic measurements were made using
Heyroveky polarograph (No.Lp 55A operated manually in
econjuction with a pye scalamp galvanometer (No,7903/8 in
the external circuit. Dropping mercury electrode was used
as the cathode whereas saturated calomel electrode as the
reference electrode, Triple distilled pure mercury wvas
used throughout the messurements, Nitrogen (purified by
passing through elkaline solutioa of pyrogalleol and
chromous chloride ) was passed in the polarographie ecell
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(S«typs ) to keep an inert atmosphere, The height of
mercury reservolr was kept at a constant height

( 60,0 ems,) s Polarographiec capillary ( Gellen Kamp )
vith drop time 4,30 second was used, All the measurements
were carried out at 285 & 0.1°C wusing s thermostatie
wvater bath. All the pH measurements were made with the
help of a Beckman pH meter Model H,

ZROCEDURE,

Polarographiec measurements were carried out after
putting a known volume of the metal salt or the complex
metal lon solution in the polarographie cell,making up
the total volume 20,0 ml, after adding the supporting
electrolyte, The solutions were deaerated by bubbling
purified nitrogen gas through them for about 10 minutes,
The polarogram was taken and the same procedure was then
repeated in the presence of surface active agents,
Increasing amounts of the surfectant solutions were
added by mieroburette until the maximum was completely
eliminated, The results are depicted in tho figs,l-d4,

The solutions of concentration 0,1M KCl were
degerated by bubbling nitrogen in the polarographie cell
( Hetype ) At least 20 drops were counted and
drop time measured by means of a stop wvatch, Each set
of measurements at a constant potential were repeated



37

three times, The electrocapillary data were obtained
from 0,0 to «1.,2 volt ( 8.C.E, )« The electrocapillary
data were repeated in the presence of different
eoncentrations of the surfactant, The results are shown
in the figs.45+49,
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The effectiveness of synthetic surface active agents
in suppressing the polarographic maxima of different
simple and complex metal lons is very well borne out on
the basis of experimental results givean in the preceding
ragess

The data on the suppression of maxima of both the.
types,positive and negative,observed during the reduction
of simple and complex metal ions are given in the following
tables,

Table 1,

Helgtive effectiveness of lonig and noneionig surfactants

Ag suppressing the positive maxima.

Surfactants Ion or complexes,

(x107% gms/Le) pp**ozios U*eKC10, Cueglyeinme Cusbiuret

and phosphoe
ric acid.

THoneionies '

Nonidet P40 3,64 5.20 8,60 6.20

Nonidet P42 15,40 19,00 30,00 22,60

Nonex 8501 3,80 2,32 6,00 4,50

LDC, 5.80 - 26,10 17.40

Cationles

CTMAB 5.80 14,850 5,80 3,60

CPB 38,50 A 13,00 11,50
¥ppp 19,00 . 19,70 16,40
*IDEH 16,00 - — 22, 80 54,00
”An:l.onlel

SPSA 76,60 - 73,00 345,76

STSA 25,40 = 23,10 54,40

SXSA 17,70 - 23.76 13,08

M. 8. P,values (m'in given in ref,13 and 14 were converted

in (x10%® gms/1.) «
% from ref.13§ %%k from ref,l4d.
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Burfactants Ion or complexes

(x20"%zms/1.) ma**excl cottexcy Wi*YeCo''mixture CdlgeKI
;&fﬂ-mm and complex,

None-ionies
Nonidet P40 6,80 8. 25 15,50 6410
Nonidet P42 22,60 22,60 72,00 22,60
Nonex S01 8. 20 6.60 8,60 8,60
uwbe 20,30 28,10 530,00 29,00
Cationiec?
CTMAB 5.80 4,356 6.50 pptn.
CPB 3885.00 115,00 Not suppressed pptn,
%ppB 20,00 78,70 16,40 47,50
®rDER 19,00 19,80 - 26, 00
**mm«
SPEA 191,30 76,60 1507.00 748,00
8TBA 226,80 543,60 94,70 71.60
SXBA 233,00 368, 8 97.80 73.60

M.S.Ps values (x10°® M) given in ref.13 and 14 were converted
in (x10™° gms/1.).
# from ref,13y xx from ref,ld.

DFE = pyridinium bromide,
IDEH = Iso a dodecyl ether bromide,
SPSA = Sulfonated phenylstearic acld,
STSA = Sulfonated tolylstearic acid.
S8XSA = Sulfonated xylyl stearic acid.
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'rho_ following conclusions may be drawni
( 1) By and large,the anionie surface active agents,viz.,
SPSA,STSA and 8XSA are more effective in suppreasing the
positive maxima than the negative ones., Heyrovsky and
Dullinger's rule ( 46 ) ythat isynegatively charged
colloids are effective in suppressing the positive maxima
and vice versa,lis followved,
(11 ) Cationie surfectante suppress both the positive and
negative maxima with equal case, The cationic surfactants
are superior to the anionie surfactants in another respect
The amount of surfactant required to suppress the maxima
is much lower than in the case of anionie surfactants,
Even pelarographic maxima suppressable with difficulty
l1ike those of Mi**<Co** mixture in pyridine and K1y and
Cdlg=KI complex cte,can be easily suppressed and that too
with small quantity of CTMAB ( Table 2),
( 114 ) The behaviour of noneionie surfactants as maxioum
suppressors is not different from that of catlonlie
surfactants although in a few cases (e,g.the maxima of
#** ,co**and Po*") lesser quantity of the surfactant is
required, Furthermore,the noneionie surfactantes have an
extra advantage of not undergoing chemical interaction
vith the depolarizer, It has been observed that CdIs-KI
complexemaximum is easily suppressed vith noneionie
surfectants vhereas precipitation of the depolarizer take:
place on adding CTMAB and CFB,

The noneionie surfactants differ among themselves
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in their suppressive action. For example,the maximum
suppression poiat (M.8,P,) values of Nonidet P40 and

Nonex 801 are much lower (order 10™° gms/l1,) than LDC and
Nonidet P42 (order 10™* gms/l.) . The noneionle surfactants,
as far as their efficacy as maximum suppressors is
concerned,follow the orders

Nonex S01 » Nonidet P40 >> Nonidet P42 > LDC,

This specificity is also shown by cationie surfacte
ants, It may thus be seen that small amount of CIMAB ean
suppress the maximum of M**< Co*™* mixture in pyridine and
KCl while OPB is quite in-effective in this case., On the
other hand,the maximum increases progressively with the
gradual addition of the CPB (Fig.4d).

The anionie surfactants (13,26) show little capablility
to suppress the negative maxima which are easily suppressed
by none-ionle and cationle surfactants., It may be due to
the fact that adsorption of anloaie surfectants on the
demee, is almost abseat at such negative potentials,

The amount of the nonelonle and cationie surfactants
required to suppress the meximum follow the normal behaviour
with respect to ‘.L/S and the @,0.2.. In cases,like the
reduction of the copper biuret complex, the amount of
either of the surfactants required for suppressing the
maximum is very small since the rvﬂ.-o.ao volt, is very
close to the e.c.z,value of «0,85 volt in KOH, In a similar
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manner,for ions showing positive maxima,the M,8,P,values
are smaller,higher the half wave potential, Thus for

Pb** ,Cueglyoinate and US* lons,with E, s Values equal to
=0,40,«0,30 and 0,15 volts respectively, the order of the
quantity of the maximum suppressor required is U™ cu
glyeinate > Pb*Y,

Noneionie surfactants and cationie surfactants are
not influenced by the pH of the solution, The amount of
these surfactacts required to suppress the maximum at
pH 12,0 (Cu-biuret complex) is almost the same as at
pH 6,156 (Pb**) . On the other hand,the sntonie surfsctant
required with Cusbluret is larger than Pb'' in KNO,
although both show a positive maxima,

JEpuct 10w oF USTIN KCl0p AND PHOSPHORIC ACID,

vt gives reduction waves with pronounced maximum
in phosphoric acid and KCl0p. Gelatin, even in small
quantity, (0.001%) distorts the polarographic wave and
even changes its character from the reversible to the
irreversible one, Higher concentration of the supporting
electrolyte ( >1M KCl0p) no doubt helps in suppressing
the maxizum but the appearance of second maximum in its
place makes the polarographic analysis all the more
difficult. On the other hand the noneionic and cationie
surfactants,not only suppress the maximum of U* completely
but do so with dilute solutions (0.05M of the supporting
electrolyte, It is observed that addition of 0,005f of
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Nonidet P40 is enough to suppress the maximum without
bringing any distortion or irreversibility in the polaro=
graphic wave, The an and 1‘ values also do not change,
EEFECT OF CURFACTANTS ON E, sp AND Id.

Addition of maxima suppressors in excess to the
requisite smount brings about elther a decrease of 1‘ or
shift in '1/! or both, The surfactants employed here have
zot the extra advantage over the existlng one that such
insidious effect are not observed with them, The only
exception is LDC wvhich changes the l.l./a and shape of
currentevoltage curves greatly when used to suppress the
maxioun of 8&“. Very high concentrations of CIMABE were
found to decrease the limiting current of most of the
depolarizers,

SLECTROCAPILLARY CURVES,

Fig.(48) gives the result of the variation of drop
time concentration of Nonidet P42 from+0,1 to <l.2 volt
(vith reference to calomel electrode). Curve A in Fig,. (48
shove the relationship between the electrode potential
and the drop time in 0,1 ¥ KCl solution, The curve is
symmetrical and parabolie,showing specifically no adsorpte
ion on the mercury surface, However,with the gradual
addition of Nonidet P42 (and so also with the other two
nonelonie surfactants) ,electroecapillary zero shifts
towards the more positive potentlial (Fig.48,Curve A to 0.
Curves B to H shov the effect of gradual addition of
Nenldet P42 on drop time within the potential range

+0¢] to 1.2 volt, The curve no more remains symmetrical



k4

and the electrocapillary zero shifts towards more positive
potential, The shape of these curves also points tovards
the desorption in the reglon wvhere the curves merge with
the normal one (Curve ), Similar behaviour is observed
vith the other two surfactants Nonex S01 and Nonidet P40,
The shift in the electrocapillary zero towvards the
positive potential by the addition of noneionie surfactants
needs a little elaboration sinece Lonie surfactants are
only known to effeet such a change., The peculiar behaviour
shown by the noneionie surfactants under investigation
can be explained in the light of the model proposed by
Barradas and Kimmerle (28) for multilayer adsorption of
Triton X«100, Triton X305 and similar compounds.
According to them the first adsorbed layer of the
nonelonle surfactant extends its contracted ''zig zag'’
hydrophiliec portions towards the solution, A second layer
is then assumed to form by intramolecular hydrogea bonding
between ancther perpendicular array of surfactant
molecules, and a third layer is formed by Vander Waal's
attractive forces between similar nonepolar ends of the
molecules. Besides each compact array of the surfactant
molecules may hydrogen bond with some water molecules. The
latter behaviour is not unlikely since the micellar
structures of these surfactant molecules are hydrated (10).
Fig.49 shows the variation of drop time with the
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inereasing concentration of CTMAB in the poteantial range
+0s1 to =1,2 volt, Here too a shift in potential towards
the more positive side accompained by the merger with
the original symmetrical curve is observed, The shift in
potential is,however,not so marked as in the case of none
ionie surfactants, From this it may be concluded that
the noneionic surfactants are more strongly adsorbed at
the mercury-solutioa interface than the cationic surfacte
ants,

An altogzether different behaviour is observed in
the case of LDC vhere a marked decrease in drop time
takes place on both the sides of electrocapillary zero
and the top of the electrocapillary curve starts gradually
flattening with the addition of the surfactant without
bringing about a shift in e.cs2.. The merger with the
normel curve (desorption), howeverytakes place at the
negative side of the e,c.2.. The behaviour is similar to
that observed for noneelectrolytes e.g.j,amyl alcohol,by
Frumkin (47 , and for anionie surfactants by Tsmmakashi
(28) .

The electrocapillary curves in presence of
different surfactants discussed sbove explain the effecte-
iveness of noneionic and cationie surfactants as maximum
suppressors, ¥ith anionie surfactants and LDC,the amount
of surfactant,required to suppress the meximum is much
larger than the noneioniec and cationic surfactants. This



46

is evident from the fact that portions without shift in
€,0e 24 gindicating small adsorption of the surfactant
are realised with LDC while in the case of noneionie
and cationiec surfactants marked shifts in e.c.z, are
observed due to large adsorption of the surfactant.

The experimental observation that lesser amount
of the noneionie surfactants is required in comparision
to cationie surfactants also finds support from the
electrocapillary curves, With noneionle surfactants the
shift in e.0.2. is from «0,656 volt to «0,10volt while in
cationie surfactant the shift is relatively small,that
is,from «0,55 volt to «0,25 volt, This provides an
indirect proof of the fact that noneionie surfactants are
adsorbed more than the cationic ones, The former would
thus be required in a lesser quantity than the latter in
suppressing the polarographlic maximum,

The shape of the electroecapillary curves besides
giving information of fundamentsl importance regarding
the interfacial forees acting at the d.m.e.j,also explain
vhy noneionie and catlonie surfactants are better maximum
suppresgors than anionic soaps.

Both the surfactants bring about a marked lowering
in the drop time(and so also the interfacial tension).
This lowering,hoveveryis greater vith noneioniec surfacte
ants in the entire potential range (0.1 to =l.2 volt).
Since the lowering in interfacial tension results in
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adsorption,it may be safely concluded that the noneionie
surfactants are adsorbed more than the cationle ones. Ihis
explains the efficacy of these surfactants as maximum
suppressors provided we assume that this phenomena takes
place by allowing the adsorption of the surfactant in
preference to the depelarizer. Cince noneioni¢ surfactants
are adsorbed more,these surfactants can be used with
greater advantage than the cationic ones in eliminating
the maxima. The relative merits of the two types of
surfactants as meximum suppressors is thus self explanatory.
To conclude it may be sald that although ne
forthright mechanism regarding the influence of the surface
active agents on the electrode processes at the d.m.e.can
be put forwvard a few interesting facts emerged out on the
basis of the experimental results discuss2d above,
Firstly,a close relationship exists between the
electrode process and the adsorption phenomena of the
surfactants, Secondly,the structure of the electrical
double layer formed immediately adjacent to the electrode
gurface is of great significance in controlling the mechane
ism ofelectrode reaction, The polarographic maxima is
suppressed with the conceantration of surfactants about
20 or 100 times smaller than that Just sufficlent to impalr
the kineties of electrode process, However,factors like
the drop time and the activity and diffusion coefficient
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of the surfactants cannot be overlooked while discussing
the influence of the surfactants as the maximum suppressors
or as agents influeneing shape and position of electroe
capilliary curve,
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LLIRORUCILON

A knowledge of the eritical micelle concentration
of surfactants is essential in order to understand their
physico-chemical behaviour, Many properties like the
change in thermodynamic¢ functions at the micellization
pointg the nature of surface tension vs.concentration
curvej the partition equilibrium between the bulk and the
surfacej the effect of additives on the surface activity
of surfactants ete.can be explained satisfactorily on the
basis of ec.m,c.data,

Although evidence regarding the formation of aggrega-
tes or micelles through association of amphipathic molecules
is available from different sources,controversy exists
about the niul and shape of these micelles, Aeccording to
MeBain (1) yany combinatlon of molecules or ions that causes
a reduction in the free energy of the system can exist in
a stable form, Stauff (2) has also discussed quantitatively
the possibility of the existence of thermodynamically
stable assoclated eollolds., Other workers who have put
forvard plausible mechanism of micelle formation are,
Debye,ReichyKushner (3-8,

Abrupt change in a particular property of the
surfactant over a narrov range of concentration is observed
during micelle formation, This change can be followed by a
number of experimental techniques thereby providing means
for determining the c.m,c.. The techniques or physico=-
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chemical methods employed areselectrical conductance

(6,7 ytransference number (&, dialysis (12) yelectrophoretic
mobility (13) yfreezing point (14) ysolubility (18 ye.m.fs
(16), 1ight scattering (17«13 ete..

From the existing literature it is seen that above
methods have not found general applicability for nonelonie
surfactants, It may be due to the following reasons (i) the
hydrophilie portion of noneionies is much larger than the
hydrophobie portion in comparision to the lonlec surfactantsj
(11) unlike the ionle surfactants,nonelonies have negative
solubility coefficients,knrown s clouding prhenomena and
(111) the absence of electric charge on the micelle, An
attempt was,therefore,made to find suitable methods for

determining the c.m.¢. of noneioniec surfactants with fairly
high accuracy.

Before introducing the subject matter of this
aspect of the problem, it will be worthwhile to survey
briefly the literature on the c.m.c. of non-ioniec
surfactants. Not only thet a clear understanding about
the micelles of noneionie surfactants is lacking,the
convenient determination of ec.m.c. of these surfactants
is a problem by itself. Commonly used methods are surface
tension (19+20) , viscosity (21) measurements, iAccording
to Moilliet and Collie (22) ''no sultable dyestuffs have
as yet been found which show sufficient alteration in
spectrum by none-ionie surface active agents to render
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thes suitable indicators'', foss and Olivier (23) selected
icdine as a good indicator for this purpose while benzopur~
purin 4B was used by Martin and Standing (24) , This method
wvas spplied with considerable sueccess by Becher (2§) in
determining the ce.m.c. of polyoxyethylene <23« lauryl
alcohol, Kushner and Hubbard (26) failed to get evidence

- for micelle formation in Tritom X«100 by light scattering
measurenments, The only reference worthe-mentioning is the
vork of Colichman (27) and Tamamushi et.al (28 on
polarographiec maximum suppression method to determine the
polarographie micelle point (FMF) of the above surfactants.
The polarographie methocd aas alsc not been extensively
employed to determine the c¢.m,¢.of surfactants, Recently
Malik and coworkers (20) have employed this method in
determining the c.m,¢. values of a number of loniec agents
viz, yalkyl aryl sulphonates,dodecyl pyridinium bromide and
isothiourea dodecyl hydrobromide, Little attempt has been
made to epply this method to noneionie surfactants,

The present chapter deseribed with the use of
polarographic method in determining the ¢.m,c.values of
some noneionie surfactants,llke,lauric acid diethanolamine
condensate (LDC) 4Nonex §0l,Nonidet P40 and Nonidet P42,
The method besides offering a new electro-chemical approach
to the c,m.c. determination of noneionie surfactants has
the extra advantage of being used to study the effect of
different electrolytes on the c.m.¢.., The c.m,c,values
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thus obtalned are compared with those obtained by iodine
solubilization,spectral dye and electrocapillary curves
methods,
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EXFERIMENT AL
ZREFARATION OF EOLUIIONS.

Solutions of surface active agents (LDC,Nonidet P40,
Nonidet P42 and Nonex 8501) and metal salts were prepared
as described in Chapter I.

AL ARATUS AND TECHNIQUE,

Polarographic measurements were also carried out

as given in Chapter I,
RRQCEDURE,

The determination of polarographic micelle concentra-
tions was made from the ratio L . /1. cpu010n fOF the
noneionie surfactants under reference., The data of Chapter
I were used to know the above ratio, The results in
presence of different supporting electrolytes are
summarigzed in the following tables:
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Table 1.

NONIDET PO
Concentration log concentration in/i4 for n*t
( x 10°° gms/1,) | ( KNOs ) o
0. 80 «3,0069 1,17
l.16 =2, 93566 1l.14
1.54 -2, 8126 l.12 -
1.80 =2. 7216 1.10
20 26 -2,6450 1.07
3.00 -2, 5220 1,08
3.64 24339 1,00

Fig.1(a) .
Table 2,

NONIDET P40
Conecentration log concentration ig/14 for T A
( x 107* gma/1.) ( xC1)
0, 80 =3, 0969 1.76
1.60 =2, 7969 1,67
2,00 =2, 6890 1.52
2.32 =2,63456 1.41
3,08 =2, 5116 1.29
3-” -3.430! 1.19
5.20 -2, 2840 1.07
‘u” -ﬁ.lm 1.00

Flg.2(a)
Table 3,

NONIDET PO
Concentration log concentration 1n/i4 for (CAlgy
( x 10°° gms/1,) ‘e .
0,80 =3 006D 1.46
1l.54 -2, 8125 1,37
2026 =2,6450 1,29
5,00 -2, 52209 1.256
3,64 «2.4330 l1.14
4,30 =2, 2865 1,10
4,91 =2, 3000 1,06
5,50 -2, 2607 1.01
8,10 =2, 2147 1,00

Fig.4 (a)



Table 4,

NONIDET PO

Concentration log concentration ig/1q for co**
( x 10™® gms/1,) ( Kc1).
l.54 «2, 1.
8.00 ‘&32 10
3.64 ~2,43809 l.21
4.30 =2, 3865 1.18
4.91 =2+ 3000 1.12
8.10 -2, 2147 1,08
.87 =2, 1750 1.08
8.26 «2.0335 1.00
Fig.5 (a)
Table &,

NONIDET MO

Coneentration log concentration 1g/14 for
( x 10 . Mt, '1“. m“
(EC1L « pyridine)

ie60 -2, 7950 - 312

3.08 =2, 5115 3.01

4,50 «2,3468 2,76

6.00 -2, 2219 “e66

8,60 =2.0658 “ed8
11.00 -1.9536 Leds
13,30 -1, 8762 l.42
u.5 -1."7 1.00

F1g.7 (b
Table &,

NONIDET MO

Concentration log conecentration ig/1q for Cue
{ x 10°% gms/1.) | biuret (pH 12.0)
0.40 =3,3030 1,50

0. 80 -3, 09609 1,41

1,60 =2, 7050 1.31

2038 =2.6345 1.28

3.08 245118 1.18

4,80 -2,3468 1,08

5,20 -2, 2840 1.00




Table 7.

e

NONIDET P40

Concentration log concentration 1-/1‘ for Cue
( x 10°® gms/1.) glyeinate(Ki0g)
0. 80 =3e 0069 3,51
10“ '2.““ 2-62
2,32 -2,6345 1,581
3.80 -2,4202 1,38
4.50 =-2,3468 1,32
6,00 -2, 2219 1.16
7.28 «2,1379 1.08
3.60 -2, 08656 1.00

Fl‘qu (6

Table 8.

NONIDET MO
Concentration log concentration 1 /i, for US*
( x 10°% gms/1,) (ECL0g=phosphoric

ui.d? .

0.40 -3, 3030 1.70
0,80 -3, 0069 1.68
1.“ "2.”’ 1.“
2032 -2,8345 1,36
3.03 -ﬂnml 1.“
3.80 «2,4202 1,18
4.50 "203“8 1007
5. 20 -2, 2540 1,00

Tig.2 (D)

Table 9,

NONEX 8501
Conecentration log concentration

( x 10-. gﬂﬂ.-)

1 /1, for ot
(X30g)

0,30
1.20
1.60
2432
3.08
3.80

=3e 0069
-2,9208
-2 7989
~2,6345
~2, 5116
-2,4202

1.00
1.07
1,08
1.04
1,02
1.00

Fi‘nl (b)



Table 10,

60

NONEX 801

Concentration log conecentration 1-/1.‘l for mi**
-3

( x 10™® gms/1,) (XcD)
0.80 «3, 0069 1,70
1,60 -2, 7060 1.46
2,32 -2,63456 1,33
2.70 -2, 5638 1.28
3.08 -8'5115 1.13
3e 80 «2,4202 1,08
4,50 -2, 3468 1.01
5,20 -2y 2840 1.00

!'13.3 ‘l)

Table 11,

NONEX 8501

Conecentration log concentration :L-/td for co*t
( x 10°3 gng/1,) (XCD)
0, 80 | <3, 0969 1,80 '
1,60 -2, 7060 1,60
2.32 -2,6345 1.6l
3.08 -2,5116 1,36
3,80 «2,4202 1.24
"w ‘3.3“‘ 1.17
‘.00 'a.m 1#“
6.60 =3,1806 1,00

Table 12,

NONEX 801

Concentration log concentration 1'/1‘ for
0.40 «3,3080 1.56
0. 80 -3, 0069 1,50
1.“0 “2'”0 1030
2,32 -2,8345 1.18
3-03 -8-5115 1.12
4.50 «2,3468 1,08
6.00 -2, 2219 1.04
7.28 -2,1379 1.00

Fi‘o‘ (.)
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Table 13,
. HNONEX 801
Coneentration log concentration i‘li.d for Cu-
-3
0.40 =3, J080 1.41
O ~de 1,34
1.@ -ﬁaﬁm 1.30
1.‘0 -2.79& 1.23
2,32 =2,6345 1.17
3’0‘ "&m‘ 1.11
3. 80 =2,4202 1,08
4,50 e 468 1,00
Table 14,

RONEX §01

Conecentration log concentration i -/1 d for Cue
( x 10 gms/1,) glycinate (KNOg)
0.80 ~3, 0069 2,70
1.60 : -2, 7960 1,80
2,0 -2,6990 1.72
2,32 «2,8345 1.54
2,70 -2, 56886 1.39
.45 ' -2,4622 1,26
i.lﬂ -&3“. 1.“
‘.oo "a.m' 1.00
ﬂ‘- m
Table 15,
HNONEX 801
Conecentration log coneentration V‘d for ut*
-3
( x 107° gms/1,) (mo.-ph:. horic
ac .
0,40 e 3080 1.50
0,80 -3, 0269 1.45
1,60 : =2, 7060 1.16
2,00 =2, 6090 1.038
2,32 Y -2,6345 1,00

Fig. 10 (@),
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Table 16.
NONEXSOL
Coneentration log concentration  1/1, for mi**-co®
( x 10°° gms/1.) (KClepyridine) .
0,80 -3,0069 2,76
lo.a “.ﬂn 2,55
2,32 =2.,8348 2,47
3,08 =2,5116 2034
5.20 «2, 2840 1.24
6.60 -ﬂ.lm 1.“
8,60 -2,0655 1,00
Fig. 7 (@)
Table 17.
NONIDET P42
Concentration log concentration 1/1‘ for o't

( x 1079 zms/1,)

( KNOR)
2.0 -2, 6980 1,00
4.0 -2,3980 1.08
T« 4 «2,1087 1,07
ll.l -1.9355 1.03
1&‘ -1.&23 1;00
Fig.l (o)
Table 18,
HONIDET M2
Conmgntm log concentration i -/1 a for co"(xm
( x 10 e lll/ln)
0 -0, 3030 "
6.0 -2, 2219 1,72
T7.84 -2, 1087 1,52
11,60 ~1,9366 1.17
15‘“ "1. 3125 1010
19,00 =1.72156 1.04
28.60 =1,6450 1,00




Table-19,
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NONIDET Pa2

Conecentration log concentration 1/1‘ tor co** (e
( x 10°% gms/1.)
4.0 -2, 3980 1.88
"o -2-221' 1078
7.54 =2 L0867 1.52
11.60 «1,8385 1.17
15,40 -l 3128 1,10
1’.00 "10721. 1«'“
22,60 -1.6450 1.00
n‘. 5 (H
Table m’
HNONIDET pa2 ,
Concentration log concentration Vl‘ (cary *
( x 10°® gms/1,)
4,00 -2, 30800 1,48
7.“ -8.!81.9 1.32
10,00 =2, 0000 1.20
11-‘0 '1."“ 1.18
15.40 -1,8125 1,07
19,00 «1,72156 1.03
22,00 «1,6459 1,00
?’-‘o & (» ®
Table 21-
NONIDET pme
Coneentration log concentration V‘d for Cuebiuret
( x 10°® gms/1.) (pH 12,00) ,
2,00 ‘ =2,6000 1,85
4.00 -&UU 1.40
754 =2, 1087 1.96
11,60 «1,23586 1,18
16.40 =1, 8126 1.11
l0.00 ‘1.7“ 10“
22,60 =1,8450 1.00

n'l’ (" L]
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Table 22,
NONIDET M2
Concentration log concentration 1/1‘ for Cue
( x 10 gme/1,) glyeinate (KNOg)
4.00 e JD 80 Jedl
11,60 «l,9368 1.67
16.40 =-1,3128 1,38
22,60 -1.6450 1.18
26,00 =1, 53850 1.10
30.00 *1.‘8" 1.00
ril. 6 (00
Table 23.
NONIDET pag
Concentration log concentration 1-/1‘ for I!"'(m.-
( x 10® gus/1,) phosphorie acid,
4.00 -Sbaﬂlb lo"
6,00 -2, 2210 1.48
7.54 =24 1087 l.42
'g" ‘&M 1.32
11.60 -1,93586 l.28
15,40 -1, 8125 1,08
18,00 «1l.7715 1,00
Fig.10 (b
Table 24,
. NONIDET pa2
Concentration log concentration 1./1‘ for M**.co*t
( x 20 gms/l.) (KClepyridine)
T4 =2, 1067 2,656
15.40 -1, 8128 2,50
22,60 -1,6450 256
80.00 -1.5“ a.u
36.40 -1.,4389 Z¢16
50,00 «1,3010 1.40
61,00 =l, 2147 1.30
68.00 "lalm 1.15
72,00 -1,1427 1,00

Fig.ll
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Table 28,
LeDeCo

Concentration log econcentration V"d tor Pb**

( x 10°% ‘-'/1-) (KNOg)

0.72 «3,1307 1,61

1,46 -2, 3388 1,40

2.90 «2, 5376 1,11

3.62 «2,4413 1,08
4,35 «2,3615 1,06

G.U -B.M 1.00

Tig.12,
Table 26,
LeDe Co

Concentration log concentration 1./1‘ for

( x 20°% gms/1,) i (xon)

2.90 ey 5376 1,36

S5.80 =y 2366 1,31

8,70 -2, 0608 1,19
11.60 =1.0366 1.10
14,50 -l, 3358 1,07
17.‘0 "1.7“5 1.03
moso "10“” 1.00

Tig.13 (&
Table 27.
fae D Co for

Concentration log concentration 1 /1, Co**(xcn)

( x 10%% gms/1.)

7.286 -2, 1307 1.43
14,60 =1, 3388 1,11
17.40 =l 75056 1,06
80.30 "10““ 1.0‘
23.30 -1.63“ 1.02
“ile "}nm 1.00

Fig.l3 (v,
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Table 23,
ba Do Co " e
Concentration log concentration 1./1,. for Hi" «CO
(% 10" gms/1,) mixture in
pyridine,
14,80 =(, 3538 1,83
21.75 00,6638 l.48
29,00 =0, 5376 1l.41
43,50 «0,3615 1l.14
60,76 iy T046 1,03
58,00 )y 2366 1,00
Fig.16,
Table 29,
Le Do Cy
Concentration log concentration 1,/14 for CaIy™"
( x 10 zms/1.)
.62 -2,4413 2.12
7. 26 'an w 1. “
10,87 «1,0636 1.37
u-n '1; m 1- 87
2‘.37 ‘1& m 10 09
29.00 .1.m 1' 00
H‘oﬂ (a)
Table 30,
TeDeOs
Concentration log concentration 1,/14 for Cue
( x 10°® gme/1.) biuret,
2,90 -2, 5376 1,36
h N ‘a. m 1:32
8,70 ~2, 06086 1.17
11-00 "10 93“ 1; 12
M. “ "'1- ﬂﬂ 1. 07
17.“ '1. 7&’ 1. 00

Fig.15,



Table 3l.

LDC

Cong. log cone, 1,/14 for
(x10™® gma/l,) Cueglycinate (KNOg
2,90 -2, 5376 1.60
5.80 -2,2366 1,43
7428 «2,1307 1,37
10,18 «1,9936 1,28
17,40 -1,7508 1.15
20,30 «1,6025 1.1
26,10 -1, 5834 1,00

ﬂ‘.“ De
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The sclutions of noneionic surface asctive sgents
under investigation were prepared as already described.

The stock solution of iodine (A) was prepared by
dissolving 100 mg. in one litre,
APFARAIUS,

Absorption measurements were made by Bausch and
Lomb 'spectronie 20',
JLROCEDURE,

The stock solutlon of nonelonic surfactant (B) whose
Cel, ¢ Was to be determined,contained a known concentration
of the surfactant well above its cem.cCs. By diluting the
fixed amount of lodine solution (A) with the different
amounts of surfactant (H) a wide range of concentratioans
of surfactant for carrying out spectral studies was made
available, This procedure helped in fixing an sppropriate
range of concentration to work with, The spectrophotometer
readings vere best made with solution A as the standard for
100f transmittance,

The spectrophotometric measurements were made at
e 360 mp (lodine micelle complex maximum ), It was always
found advisable to rocord the readings within an hour of
the preparation of solution,because of a slow fading of
colour of lodineemicelle complex,



69

Table 32,

Differential absorbence measurements of Nonidet P40,
Nonex 501 and Nonldet P42 at different concentrations in
presence of lodine solution at 360 mu,

Conce.0f Differential absorbence

surfactant e e

solution Honidet P40 Nonex 501 lonidet P42

(x107*gms/L,)

2.0 0,000 0.000

3.0 0.000 0,000

4,0 0,000 0.010 0.010

6.0 0,010 0,080 0,000

8,0 0,010 0,180 0,010
10.0 0,010 0,230 0,020
14,0 0,076 0,360 0,030
18,0 0,180 0,430 0,040
20,0 0,280 0,600 0,080
26,0 0,470 0.760 0,070
30,0 04640 0. 800 0,080
35,0 = = 0,086
‘000 G.lﬂﬂ - 0.150
”to - - 0320
66.0 . - - ng
76,0 - - 0.700

Fig«17 Curve s, b, -



Table 33,

Differential absorbence measurements of LDC at different
concentrations in presence of iodine solution at 360 mp,

Pifferential absorbence,

Cone,of surfactant LDC
solution

( x 10™ gme/l,)

0,380 0,010
0,580 0,010
0,770 0,018
0,970 0,020
1,160 0,028
1,550 . 0,040
2,300 0,108
2,900 0,120
3,800 0,150
3,920 0,170
4,200 0.190
4,70 0,210

Fig. 18



i1

The scolutiones of noneioniec surface active agents
wvere prepared ac described previously.

Benzopurpurin 4B vasz a8 BDH product, The stock
solution of the dye was prepared of the concentration
10°% by dissolving 0,0072 gm.in 100 ml,,

APPARATUE, .

Absorption measurements were carried out by &
Bausch and Lomb "Spectronie 20',

REQSEDURE,

The fixed amount of the dye ( 10™°M ) was mixed
vith the different amounts of the noneionie surfactant
solution whose c.m,c.was to be determined and the total
volume ( 10 ml,) was made up with water, A series of the
solutions having a fixed concentration of the dye and
different concentrations of surface active agent above
and below the cemsc, were obtained,

The spectrophotometric measurements were made at
a wvavelength of 510 mi,using one centimeter cell,alter
half an hour of the mixing of the mixture,
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Table 34,
Differential absorption measurements of Nonidet P40 and
Nonex 501 at different concentrations in presence of
benzopurpurin 43 solution at 510 mp,

Conce0f surfactant Differential absorbence
solution

( x 1072 gms/1.) Fonidet P40 flonex 501
1,0 = 0.000
2,0 0,000 0. 000
3,0 = 0,000
4.0 0,000 0,010
6.0 0,000 0,016
8,0 0,010 0,028
10,0 0,020 0,040
14,0 0,038 0,080
16.0 0,050 0,070
18,0 = 0,082
20,0 0,068 0,086
24,0 0,080 0,104
28,0 0s 100 0,130

Fige 19 Curve a be



Differential absorbence measurements of Nonidet P42

Table 35,

79

at different gonecentrations in presence of bensopurpurin

4B at 510 my,

Differential absorbence

Cones,of surfactant Nonidet P42

solution

( x 10 gms/1.)

8,0 0,000
u-d o.m
20,0 0,000
23,0 0,006
32,0 0,010
36,0 0,010
40,0 0,030
50,0 D, 0456
60,0 0,080
80,0 0,070

100,0 0.100

Fig. 20
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The apparatus and procedure used in drop time
measurements were the same as described in Chapter I,

The drop time was plotted against log,concentration
of the surfactants at various potentials, In order to
locate the c.m,c. polnt,the portion of the curves
(Figs.2123) showing sharp fall in drop time with the
increase in surfactant concentration was extrapolated
downwards while the flat portion was extrapolated backwards,
The concentration of the surfactants corresponding to the
point of intersection of the extrapolated portions of the
eurve was taken as c.m.c.Value,



e
cuw- 5«E.H.CL“CL‘£E
'.9 P ?_.__—' . - ...____[ - -
\

(@
) \

| =

I8

(a) Nonidet P-40
(b) Nonex 50t =3
(c) Nonidet P-42

6 ,eog conc.

| 112 y ; 1
‘L\ (¢} (a) Nonidet P-40

(b) Nonex 501
\@&\ —_(c) Nonidet P-42

O
v
I

D105 |-
T

4 i
40 38 ‘36 34 32 (a)(b)
36 34 32 30 28 (C)
T £Log- Conc

30

N

-+
MLxtre

e o
BT | [t
\(b) (a) Nonex 50
~._ (b) Nonidet P-40

in pyridine and kel
g

i
K \ <
Q \
1 SRS L) | i i
av 36 36 34 32 3-0()
| £og . Conc. (b
FIGT.




monitdet Pao

1 T

(a)

@ Nt ket ..
(&) us™ KcZoj

1 | 1

I

T RS |
(@) Ngnidet -P40o
(b) Nonidet -Pa4)

s 3

~38 -3¢ - 34 .

Log. Concn.

FIG.3

("
LV

(b)

i T I

(@) Nicly -Kel nNvex 501

(b) Nicly -Kc@ wonucet P2 |

(€L 1)

38 3:6 34
3-0 28 26
Log. Concn
FIG. 5
: : —
cott - wek

@) Nonidet - Pgo
(b) Nonidet -P 42




MAOTMYEX, 50O G bLUYLt
T T T T | .—
(ay =(cd E4)" (a) Nonidet P-40 f
(b) Nonex 501 -
() = co™ - kel c)Nonldet P-42
R - :4‘\ (b)\" -
| \ .' ‘A 3
50 — @ X ‘| 4 (3 ‘_ ;
| ~
140 — \ € 12
3 | |
- | _ .\\\ _‘|
120 — i 10 I‘__ 20 :
- -4:0 - 36 =32 “28 -26 (¢
et s HE | £o0g. Concn. )
& ‘ |
I-0 o o R i I 1 1l g i ls }
(@ -44 -42 -40 ~ 36 -32 -30 ~2. g 28 e
~4.2 - 40 -3:8 36 ~34 ~ 32 ;
(2 £og. Concn. G rontdet P42
FIG.B ,
S“\ (b) ub+—- kelos ’ F T o yni v Enre ;
(a) ™ d \ )
; : 22 p : , \
I'5 41" \.\ (1) = Nonex 50 N pyvidine and kel e...\
i (b) = Nontidet P42 | e _ )
-4 \ | \
i i \‘\\ 4 -t A \ ~
2 e =
~ : £ \
Er2 \\\ ~ A g b \ 5
¥ ! 2 s \
N,
e % J re - o \ -
| ° A | ‘
[ sl Labry s | : 2
gy, e s S SR Y| 12 -_|
l“?"-4 -42 -40 -38 -3¢ (@) \\
S =33 -30 -2'8 26 (b) . ! | L A BN
: £og. Concn. : ' 53 30 28 26 24 22
FIG. 10O EIGH £og. Concn.




7 \ i R ot oot
6 PEEN (]
' 4
\\ Pb* - KNO,
l's 5 \\ —
R
4 — \:\ =
-3+ \ —
12 | -
111 & iy
IO I 1 1 LA IR R R
32 30 28 2:6 24 22
F 0 LOG CONC.
1-45 — & : 8
14 NLFF — ket
(@) ]
F \ cb) = Co*+* _ kel
B &
a
-3 - -
X 5
\ \ |
1-2 -
A\
ET . ~
1-O ] i | 8 \\1 m
2'S 23 2 19 -7 1-S
FIG.I3 LOG  CONMNC

22 ———-

2.0 |

FIG. | 4

ESERE

\(@ L
(0} = (cd1a)”

(b)

cu-4glycinate

= et
24




LOG.

CU- BIURET

'.GF\
-4 |
o)
£
%2 =
1-O .
-08
FIG.I6

LDC
iy e
NI GO “IN. PYRIDINES
o KCE
! | B
- 06 04 -~ 02
LOG. CONC.




DIFFERENTIAL
ABSORBANCE

DIFFERENTIAL ABSORBANCE

=

CERVE (@) O <= NONIDET Pgp

s (h) @ — N NEY 5ol
e (C) NONMIDET P42
o-s[—
0.7} /A
0.6F
///
0-5]' k.C\ '
B
2.4F / el
°.3¢ ' D’/
0.2 F / /:/
o k 4&
L : _ A . i
S s B L e e 240 32.0 40.q 48.0 56(a,b ||
0 B 0.0 200 30.0 4p0.0 50 .0 &o0.0 70 (C)J
2
Fig. I7 SURFACTANT CONC,(%jo” ?”,7/&)
0-31 LDC
10.0 2.0_0 30.0 A'to_o 50.0
FiG. 18  SURFACTANT CONC( xi0-gmy/l)
C.Mm.C. DETN. BY |ODINE SOLUBILIZATION METHOD.




C.miC . DETN. BYvy SPECTRAL Dve METHOD.

| CURvEe a - NonIDET P4,

} 'l 4 7 & N /
| f lej ONEXY Koy (6)/ =
i o ,52-— T
| 0]
| z O
| z -} e
’ ok [0} (a)
| 8 _08__ //
, 0
= o
z:l 06 |
o o
' 5 .04— O
I wl
' t:: 02 O/
=
' O O 0—'9—-4(‘ T s T T ===
J 4 8 ez 16 2o 24 28
] FIG. 19 SURFACTANT CONcC. Gio"ggm«’/ﬁ)
g
NONIDEYr P4gp
o-08"F
<4 ,0.0¢g
T 2
=z
' 5; 0.0 4L
| o
[ U.UQ) 0.02 "
“ 9 -
A< 2
0.0 +—p O—O O O —— Y ' e
0.0 20 40 60 8o Fe)
: <0 o f-‘. = /
Il FIG.20 SURFACTANT ONC (xio zzmeg)
1




_—————-..___________———-——_______________
e

C.mM.c"DE TERMINATION OF NONIDET P 4o,
NONE X550/
N
O
| Z
{ 0
U
ul
v
2
wl
z
f..
al
9]
| o
(s
L ~l-o -0.5
2 Cdnc(?m/j )
| MG,z PLOoT BETWEEN : LCOHC./OF NONIDET P40
J AND DRoOP TIME AT DIFFERENT PCTE.N'\’\!\L.S
| S-O
| i
|
{ 4.9 L
|
i 4.81
/ %
| 0 4.7L
! Z
0
U 4.6l
wl
.
45 e
< Tl
05
wl 4.4 )
- N\ oe= o7
43f \ 738
a. s R »
0 ST = o ©.9 :
o 41}
@) \o‘o\o‘_ 1.0
A
C.w. C
c_l_-c:-é'EJ_ S — %‘_D._._;:;___.__.__.E__LL. Y . L?‘.E_'_‘“ g |

o Loy comc.Cgmg/L)
G.2p2 PL‘OT BETWEEWN lo'? CoOnc. oF NOoNEX 55| AND DROP Timg
(SECoNDsSY AT DIFFERENT PGTENTIAL S.




DROP LINE N SECONDS

(Gl e DETERMINATION OF NONIDET -Pay

-15 ~l-0 -0:5
6.051. - cone (gl

FlG. 23 PLOT BETWEEN -KOg_conc. OF NONIDET
P42 AND DROP TIME ( SECONDS) AT
DIFFERENT POTENTIALS.




70

The plots betveen iy..yme/taisrusion 224 108
concentration of the surfactant can be used to determine

the two polarographic characterstics of the surfactants,
viz.ypolarographic micelle point (P.M.P,) and maximum
suppression point (M,8.,P,) « The former is obtained from
the point where the first discontinulty appears in the
curve while the latter is determined by extrapolating the
curve to 1 . /Lairrusion = Lo The data on the M8.P.
and P,M,P, values obtained from the respective curves of
the surfactants,are summarized in the following tabless



jonex 501,Nonidet I
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Ion or complex (order 10™® gms/1.)

studliea, Nonex 801 Nonidet P40 Nonidet P42 LDC

Po* oxn0, 2,32 1,90 7. 84 2,90

n*axa 2,32 2,32 © 15,40 11,54

co't-xc1 2,32 3,64 11,60 17,37

:}:-ao“u 3.8 8,60 30,00 290,00
ure

idine aecid ﬁﬁ:

CAlg=KI 2,32 3,00 11,60 7425

complex,

Cuebiuret 3,08 1,60 11,60 8,70

complex,

Cueglyeine 2,70 3,80 15,40 5o 80

complex in

KilOge

U%*=KC10s and 0,80 3,80 7.84 -

phosphorie

aeid,




Table 2,

ek L AL Al UL'E L e ¥ .1 - P . Larit ik § i |
Nonex 501,Nonidet P42 and LOC in p pf _different

pporting elegtrolytes.

Ion or Nonex 801 Nonidet P40 HNonidet P42 LDC
complex  (410"8smg/1) (x10"%gms/1) (x10"%gms/L) (x10"%gms/L)

po**exn0, 3,80 3.64 18,40 5.80
m**-xc1  s.20 6,60 22,60 20,30
co't-KC1L 6,60 8.28 22,60 26,10
Cdlg=KI 8,60 6,10 . 82,60 29,00
complex,

Cuebiuret 4.50 va n.“ 1?-‘0
Cu= ine .cw a-“ 30.00 “.lc
i Ends

m**-co™ 8,60 15,50 72,00 580, 00
mixture

U%*.KCl0s 2,32 5.20 19,00 -

From the foregoing tables,it may be seen that the
PeM,P.values differ very little from each other irrespective
of the cations used, With the exception of ll“- Go"l:lxtm
in pyridine and ECl,vhere a large amount of the surfactants
is required to suppress the maximum,the P.M,P.values range
wvithin narrov limits, The values range between 0.8 to
3.08 x 10™? gms/1.4 1.60 to 3,80 x 10™® gms/l, and 7-84 to
15.4 x 10°® gms/1, for Nonex 501, Nonldet P40 and Noaidet
P42 respectively, Similar behaviour is observed with LDC,
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inspite of the fact that LDC is not so effectlive surfactant
for the maximum suppression as the other three. Like the
cations of the depolarizer,the anions of the supporting
electrolytes do not affect the P,M,P, values of the
noneioni¢ surfactants, The pH of the medium also does not
markedly influence the P,M,P, values, It 1s thus seen

that the P,M.P, values obtained in the higher pH ranges,
pH 10,0 and 12,0 for Cueglycine, Cu~biuret complexes are
not far removed from the values obtained with metals in
the lower pH range.

The P,M,P. values of anionie surfactants are,
however,greatly influenced by pH as observed by Malik
et.al, (30) in the case of alkyl aryl sulphonates,

The P,M.P, and M,5,P, values can both be correlated
to the c.m.¢, of the surfactants although it 1s usual to
donate it with the former, In either casejyhowvever,the
values are much lower than those obtained by the iodine
solubilizationyspectral dye and surface tension methods
(31) which ineidently,ecompare favourably with each other
and give concentration values in the same range., Such a
discrepency is likely to occur since the lons of the
depolarizer and the supporting electrolytes influence
the wvater structure,

A comparision of the e.m.c, values of non-ioniec
surfactants with those of the ionic ones (Table 3
found previously (32) reveal that the former has got
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smaller oM. Csvalues than the latter, This difference may
be attributed to the several factors,visz,,(1) greater
hydretion of the nonelonized polar groups,(ii) greater
tendency of none-ionic groups to associate because of lack
of electrical charge,(i111) absence of geggenions in none
ionie surfactants.

Table lf

SPSA STBA SXSA

Polarograrhie methed

¢ m**1n 019 xC1) . 3,60 21,20 17,00
gﬂ-mru method

wvithout electrolyte) 6,10 7.10 9.40
Conductometric method

(without electrolyte) 13,00 22,68 26,10

Cemecevalues ( x 10°%9 given in ref,32
vere converted in { x 10 gms/l.).

x from ref.32,

The low g.m.c. values for noneionic surfactants
£ind support in the words of Fowkes (33 who said '‘one
might also note that for micelles of equal aggregation
number,twice as many lonle particles are required to make
up & micelle and the teadency to form micelles is proporte
j.om to the square of the concentration of lonie detergents
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but only to the first power of the concentration of none
ionic agent'’,

As already stated another new approach can be made
to determine the c.m.c. of surfactants in presence of salts
of alkall metals (used as supporting electrolytes in
polarographic work ) by studying thelir electrocapillary
curves,

Figs. (21+23) depict the drop time log concentration
curves in the potential range («0.2 to «1.0 volt), These
curves shov an initial slov change followed by a sharp
decrease in drop time until & coneceatration of 10™%gms/l.
is reached,when the curves show the signs of flattening
out, Since flattening sets in at the same concentration
irrespective of the potential applied, this conecentration
can be taken as the point of inecipient micelle formation,
The results for the three surfactants are given in Table (4).

Table 4.

- )
Y
O Q.

Method . ( x 10™%zms/1.)
Nonldet P40 lonex 501 Honidet P2 LDC
Electrocapillary
curves method in
0.1N KCl. 7.60 4,70 13,80 -

fodine solubili-
zation method in

wvater, 12,00 4,80 356,00 0.116
¥5urface tension. 12,50 6.20 36,80 1,160
i e 6.0 3,00 36,00 v
Polarographie
method,
(m**1n 0,18 KC1) 0,36 0,23 1,16 1.54
b ?m m.

fe 3ls 477
wivirnl UERARY WWEEZ‘IY J"Zf RS s
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Unlike the polarographic method,the e.m,c.values
determined by this method compare favourably with those
obtained by iodine solubilization,spectral dye and
surface tension methods, The small discrepency may be
attributed to the presence of the electrolytes,

The importance of electrocapillary curves method
is a1l the more realised when dealing with noneionie
surfactants vhich have low c.m.¢.values, ¥With lonle
surfactants,other methods can be applied,since their
Colle CoValues are quite high and small deviation would
not effect the accuracy of the results, The polarographic
method mayytherefore, be quite useful in determining
the c.m,0,0f ioniec surfactants but fail to give reliable
data in the case of none-ioniec surfactants. In such cases
the electrocapillary curves method will prove to be the
most suitable one,
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CHARITER III

Spectrophotometry of dye-surfactant mixtures,
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LATRODUCTION

The interaction of surface active agents with other
substances,both colloidal and nonecolloidal in nature,has
been studied to establish certain characteristies pecullar
to the surface active agents and to extend the domain of
their applications, Proteins (l-4) , nucleic acid (9,
polymers (6<7) , organic dyes (& ,hydrophoble sols (9,10) ,
metals in their simple (11) and complex forms (12) have
been employed in such studies but the approach has been
mostly of qualitative nature.

From the list of the substances mentioned above,
the reactions with dye stuffs need special mention slace
{nvestigations on them would pose aggregational problems
of great complexity, Nevertheless,the researches carried
out by Hartley (13) aend few others (14-17) have proved
to be quite useful in determining the c.m.c.of the
surfactants and in ascertaining the structural changes
taking place in the dyes due to their associstion with
surface active substances.

Another interesting feature of the interation of
surfactants and dyes is the existence of *metachromacy’ ya
term introduced by Lison (18 and Holmes (18) to explain
the changes in eolour of dilute solutions of dyes caused
by the addition of substances of high molecular weight,
This phenomena is useful both from the fundamental and the
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applied point of views., Solutions of dyes not obeyling
Beer's law can be very well studied on the basis of this
property. Recently Colichman (20) had carried out
investigations on the variations in the optical density
of the aclidic and basie forms of bromophenol blue on the
addition of long chain quaternary ammonium compounds.
Mehrotra (21) studied the influence of surface active
substances like Igepon T, and Nekol BX on the colorimetriec
determination of pH,.

Attention to another interesting aspect of
surfactant-dye interactlion,viz,,formation of surfactante
dye complex,was drawn by Hiskey and Downey (2%) ,Mysels
and others, They observed that the change in absorption
spectrum of dyes in the presence of surface active agents
may be attributed to this property. Mukerjee and Mysels
(17 also tried to establish the composition of methylene
blue«lauryl sulphate,cetyl trimethyl amsoniumebromophenol
blue complexes, [iskey and Downey (22 studied spectroe
photometrically the existence of a complex of methyl
orange with octadecyl trimethyl ammonium chloride at
different pH values, They had interpreted the spectral
data in terms of associatlon reaction between the
quaternary ammonium salt and the basic form of methyl
orange. Hayashi (23 has studied the interaction of
congo red with Tween-80 and cetyl pyridinium chloride and
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interpreted the metachromatic effect produced in dye
solution due to complex formation.

Inspite of the fact that the indications of the
existence of the surfactantedye complexes were fortheoming
in a few casesythe investigations have been more or less
of preliminary nature, So far little has been said about
the mechanism of interaction or mode of binding, Efforts
in this direction were done by Malik and coworkers,
Although,their earlier wvork (24,28 could only throw light
on the mechanism of interaction,thelr latter approach vas
guantitative and desalt with the binding of the various
surfactants with acid and dbasic dyes. To increase the
domain of our knowledge on the quantitative aspect of
surfactantedye interaction,it was considered worthwhile
to carry out investigations with several surfactantedye
combinations. The investigations described in this
chapter giving the extent of binding,also throw some light
on the structural changes accompanying surfactantedye
interaction.

The investigations described in the chapter deal
with the following interactionsit

(D mg‘_mxm hydrochloride and dodecane sulphoniec
acl

(11) Rosaniline hydrochloride and dioetyl sodium sulpho
succinate,

(111) Malachite green and dodecane sulphonic acid,

(iv) Malachite green and dioctyl sodium sulpho
succinate,



v
(vd)
(vid)
(viid)
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Rhodamine 6G and dodecane sulphonie acid.
FKhodamine 6G and dloetyl sodium sulpho succinate.
Conge red and cetyl trimethyl ammonium bromide,
Congo red and cetyl pyridinium bromide,
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EXPERIMENTAL

P2 (C1alagS0sH) «

Dodecane sulvhonie acid was prepared by the method
recommended by Noller and Gordon (26) in the laboratory.

A solution of 0,2 mole of dodecane mercapton in
200 ml.of 95f alcohol was added slowly,with rapid stirring
to a solution of 150 gm.lead acetate in 200 ml.of 850%
alcohol, The mercaptide precipitated out as a light canary
yellov salt, This was filtered with suction and washed
tvice with water and once with ascetone and dried., The dry
powdered salt wvas added in small proportions,to 50% nitric
acid, A white salt settled to the bottom of the flask,.
After all the mercaptide has been added to the mixture,
it was allowed to stand for an hourydiluted with cold vater
and filtered vith suction, The salt was filtered and
washed twice with water and then extracted with hot acetone,

On cooling the acetone extracts of the lead lauryl
sulphonate,a white erystalline product was separated out.

Dry HCL gas was introduced into the suspension of
lead lauryl sulphonate in isopropyl alcohol, After complete
decompositionythe lead chloride was filtered on to &
sintered glass filter,

The solvent was further evaporated under vacuum
distillation. Viscous solution was dissolved in the freshly
distilled ether (150 ml,) and mixed with water and
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thoroughly shaken, The agueous solution was then drawn
from the separating funnel and evaporated at reduced
pressure over anhydrous CaCla and then finally over Pg0g.
The final product was a wvhite crystalline solid

(m.p. 40°0) .

REAGENTS

Rosaniline hydrochloride,malachite green,
rhodamine 6G,congo red used in these investigations were
BDH products,

Other surfactants,vize,dioctyl sodium sulpho
succinate (Manoxl 0T) ycetyl trimethyl ammonium bromide
(CTMA®) and cetyl pyridinium bromide (CPH) were BDH
products and were used without further purification,
Stock solutions of anionie surfactants were prepared of
the conecentration 1,0 x 10™*M while those of catioaic
surfactants and dyes vere of the coneentrations
1.0 x 107%M, in doubly distilled water,

Walpole (pH 2.0, 4.6 ) , McIlvaine ( pH 7.0 ) and
borax buffers ( pH 9,12 ) were prepared in the laboratory
(27) to carry out the experiments,

On carrying out the preliminary experiments the
following changes in the colour of the dye,in presence of
gurface active agents were observeds
(1) in acedic and neutral media, the colour of resaniline
hydrochloride changed from red to redish violet in
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presence of dodecane sulphonie acid and Manoxol O0T4(11)
the colour of malachite green changed from bluish green
to dark green in presence of dodecane sulphonie acid and
Manoxol OT irrespective of the pH of the mediumy(iil) the
colour of rhodamine G changed from yellowish red to red
in presence of dodecane sulphonie acid and Manoxol 0T
irrespective of the pH of the mediumj (iv) the colour of
congo red changed from bluish violet to orange in acidie
medium (pH 2,0) yred to orange in neutral (pH 7,0) and
redish orange to orange in alkaline media ( pH 9,12) in
presence of CPB and CTMAB,

In the vieinity of pH 7.0,an orange coloured
precipitate was observed at the low concentrations of the
CTMAB and CPB which got dispersed by further addition
of aurhctmh
APFARATIC.

A Bausch and Lomd ‘Spectronic 20' was used for
the absorption measurements., The molar extinctlon
coefficients were calculated from the relationship

€= (1/cd) logie lo/1 ;
pHemeasurements were made vith & Cambridge
Bench-Iype pH meter,
FORMULA USED,

Xlotz (28 wstudied spectrophotometrically the

interaction of proteins with organie anions, The
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The concentrations of the unbound dye were calculated
using the formula

<

o= apps ~<b
is. il
vhere < 8PPe is the apparent molar extinction coefiicient,
€p Bolar extinction coefficlent of the bound dye, <,
molar extinetion coefficient of the free dye and « is the
fraction of the free dye.

The validity of this equation was extended to

surfactant-dye interaction,
LROCEDURE,

The absorption of the following sets of the
mixtures wvas measured in order to determine the binding
of dyes with surfactants,

(1) Bolutions of varying concentrations of the dyes

( 0e140¢250cese 0.6 ml,of 10" ) § made up to 15.0 ml,
wvith the buffers alone,

(11) A known and constant amount of the dye + 8,0 ml.of
buffer solution of requisite pH + varying amount of
surfactant solution ( 0.s0,0.240¢3,04490s640s891e0 sevncosse
5.0 ml,of 10™® M) total volume made up to 15,0 ml, with

wvater,

A period of about one hour was allowed in sach
case to attain equilibrium, |

The same procedure was adopted in the case of acid
dye and cationiec surfactants combinations,
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Set I and Set II were employed to determine <,
and < apPe respectively in Klotziequation, The method
used by Malik and Verma ( 26 ) to determine <, was
considered to give dublous results on the binding of dye
vith surfactants sirice it was based on the tentative
assumption that a small quantity of the dye would
completely bound with excess of the surfactant, For example,
they assumed that 1,0 x 107%K of malachite green or
rhodamine 6G was completely bound with 5,0 x 10™*M of
alkyl aryl sulphonates ( SPSA,8TSA,8XSA ), Their results on
binding determined by substituting the value of <y in the
Klotzsequationghowever,showed a sufficient amount of the
free dye left in the solution in the high concentration of
the surfactants ( 10™M ), The following modified procedure
vas therefore,employed in determining the exteat of binding
of the dye with surfactants,

From our absorption data,it appeared that beyond
a certain concentration of the surfactant solutions say,
20,0 x 10°*M of Manoxl OT or dodecane sulphonie acid (DS)
the absorbence d4id not increase further by the additiocn of
further amount of the surfactant. The plots between
absorbence and surfactant concentration give curves
(Figse.2-19) in vhich the absorbence first increases and
then becomes constant giving the flat portion of the curve,
Extrapoiating the flat portion of the curve to the zero
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surfactant concentration,the absorbence of the bound dye
can be found out, Dividing the absorbence by the dye
concentration the value of €y, oan be determined,
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Dodecane sulphonie acid (DE) emalachite green,

Table 1,
Absorption spectra of 2,00 x 10°%M malachite greea in presence of
different eoncentrations of DS (order 10°*M ) at pH 2,00

Wavelength ABSORBENCE

in ma 1 2 " 8 6 7 g 9
3,34 5,34 6,67 8,00 10,00 13,34 16,67 20,00 26,67

0,31 0,40 0,47 0,54 0,656 0,72 0.7 0,76 0.78
0,30 0,30 0,52 0,87 0,72 0,84 0,83 0,88 0.85
0.28 0,35 0,52 0,64 0,76 0,85 0,87 0,87 0.5
026 0,32 0,48 0,86 0.71 0,82 0,84 0,85 0.8

4345

Table 2,

Absorption spectra of 2,67 x 10”°M malachite green in presence
of differeant concentrations of D8 ( order 10™*M at pH 7,00,

Wavelength ABBORBEHNCE

inm. 2 I s 6 7 8 9
3,34 5,34 6,67 10,00 13,34 16,67 20,00 26,67 33,34

610 0.58 0,75 0,82 0,97 1,04 1,00 1,08 1,11 1,12
620 0,60 0,81 0,01 1,12 1,22 1,26 1,30 1,30 1.30
625 0,67 0.82 0,02 1,11 1,22 1,28 1.32 1,30 1,32
630 0,58 0,60 0,88 1,02 1,15 1,23 1.4 1.2

Table 3,

Absorption spectra of 2,00 x 10™®M malachite green in preseace of
different concentration of D6 ( order 10%M) at pH 9,12,

Wavelength ABSBORBENCE

in mu 1 2 3 4 s 6 7 8 9
3,34 6,67 10,00 13,34 16,67 20,00 26,67 33,34 40,00

018 0,26 0,30 0,37 0,43 0,45 0,48 0.50 0,80
0sl7 0,29 0,36 0,43 0,47 0,82 0,64 0,60 0,60
0.16 0,20 0,37 0,44 0,40 0,8 0,87 0,61 0,61
0,13 0,87 0,33 0,42 0,47 0,62 0.52 0,58 0.88

4345
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Dioctyl sodium sulpho succinate(Manoml OT) -malachite green.

Table

4.

Absorption spectra of 4,00 x 10°°M malachite green in presence of
different concentrations of Manoxl OT (order 10™%M at pH 2,00,

Wavee APBORBEHNCE

length :

in mp, 1 2 5 4 5 6 7 3 9
le34 3,84 6,67 10,00 13,34 20,00 26,67 33,34 40,00

610 0,200 0,410 0,660 0,750 0,300 0,850 0,865 0,876 0,885

620 0,320 0,420 0,705 0,810 0,866 0,920 0,020 0,030 0,960

625 0.260 0,430 0,730 0,850 0,300 0,960 0,960 0,965 0,900

630 0.240 0,365 0,670 0,720 0,830 0,30 0,908 0,925 0,950

Table &,

Absorption spectra of 4,00 x 10" malachite green in presence
of different concentrations of Manoxl 0T (order 10°%M at pH 7.00

Wave= ABSORBENCE

length

in mpe 1 2 3 4 5 6 7 8
1.34 3.34 5,34 6,67 10,00 13,34 16,67 20,00

610 0.850 1,000 1,250 1,360 1,470 1,510 1,816 1.518

620 0,830 1,018 1,335 1.376 1.866 1,58 1,500 1,600

625 0,830 1,030 1,410 1,456 1,570 1,630 1,630 1.638

€30 0,620 0,630 0,830 0,980 1,040 1,070 1,006 1,078

Table 6,

Absorption spectra of 3,34 x 10°"M melachite green in presence of
different concentrations of Manoxl 0T (order 10™*M at pH 9,12,

Havee ABSBORBEUNCE

length

in mp, 1 2 3 4 5 € 7 8 2}
1,34 8,34 6,67 10,00 13,34 20,00 26,67 33,34 40,00

6l0 0,280 0,356 0,520 0,600 0,640 0,670 0,680 0,605 0,70

G20 0,836 0,310 0,485 0,640 0,870 0,726 0,780 0,730 0,78

620 0,200 0,285 0,450 0,616 0,606 0,746 0,785 0,30 0,382

630 0,170 0,260 0,370 0,870 0,625 0,650 0,708 0,735 0,74

o
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Dodecane sulphonie aeid (DS) «rhodamine 6G,

Table 7.
Absorption spectra of 1.34 x 10°%M rhodamine 6G in presence of
different concentrations of DS (order 107%¥ at pH 2,00,

:tﬂ- ABSORBENCE
in oy, 1 2 3 4 & 6 g 8

S.34 6,67 3,00 10,00 13,34 16,67 20,00 26,67
0,660 0,530 0,860 0,580 0,715 0,710 0,685 0,668
0,745 0,648 0,670 0,690 0,770 0,780 0,786 . 0,730
0,640 0,608 0,740 0,765 0,820 0,83 0,386 . 0,900
0,340 0,450 0,520 0,560 0,590 0,630 0,805 0,560

2g8e

Table &,
Absorption spectra of 1,34 x 1_0"!( rhodamine 60 in presence of
different concentrations of DE (order 10" %M at pH 7,00,

Favee : ABBORBENCE
length
hql.). 2 8 4 ) 6 7 : ] 9

Se34 5034 6,67 8,00 10,00 13,34 16,67 20,00 26.67

Bl0 0,630 0,640 0,680 0,670 0,680 0,600 0,708 0.728 0,725
520 0,670 0,700 0,725 0,750 0,765 0,790 0,800 0,820 0,820
530 0,630 0,710 0,766 0,500 0,820 0,840 0,846 0,880 0,850
540 0,865 0,650 0,608 0,720 0,740 0,760 0,765 0,766 0.7%0

Table 9,
Absorption spectra of 2,00 x 10™®M rhodamine 6G in presence of
different concentrations of DS(order 10™%) at pH 9,12,

Wave- ABSORBENCE
length
in mp, 1 2 S 4 S 6 7 8 <]

4.00 6,00 .3,00 10,00 12,00 14,00 16,00 20,00 24,00

510 0,976 0,930 0.900 0,830 0,360 0,30 0,900 0,875 0,875
620 1,150 1,115 1,100 1,140 1,205 1.300 1,350 1,380 1,350
530 0,900 1,020 1,100 1,850 1.350 1,410 1,530 1,450 1,480
540 0,560 0,625 0,766 0,790 0,810 0,378 0,800 0,320 0,830
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Dloectyl sodium sulphoesuccinate(Manoxl 0T) -rhodamine 60,

Table 10,
Absorption spectra of 1,34 x 10°®M rhodemine 60 in presence of
different concentrations of Manoxl OT (order 10 *M at pH 2,00,

Yavee ABBORBENCE

length _

in ke 1l 2 3 4 & 3] 7 8 9
Se34 5,34 6,67 8,00 10,00 13,54 16,67 20,00 26,67

510 0,33 0,47 0,515 0,500 0,496 0,510 0,510 0,505 0,490
520 0,50 0,58 0,630 0,645 0,650 0,686 0,650 0,660 0,675
630 0,43 0,70 0,770 0,780 0,800 0,820 0,835 0,850 0,856
640 0,42 0,64 0,630 0,740 0,750 0,780 0,700 0,300 0,820

Table 1ll. :
Absorption spectra of 2,00 x 10°%M rhodamine 6G in preseance of
different concentrations of Manoxl OI(order 10°%M) at ;H 7,00,

Havee &ﬁoﬁiﬁici
length
in mp, 1 2 3 4 5 6 7 8 )

3eA 5.4 6,67 8,00 10,00 13,34 16,67 20,00 26,67

0.720 0,766 0,300 0,866 0,395 0,94 0,03 0,82 0,916
0.876 0,030 0,065 1,026 1,070 1l.l4 leld 1,16 1.150
0,750 0,870 0,880 1,060 1.130 1,19 l.21 1.82 1.220
0,525 0,660 0,705 0,785 0,798 0,80 .32 0.8 0.8235

$8ES

Table 12,
Absorption spectra of 1,34 x 10"%M rhodamine 6C in presence of
different concentrations of Manoxl OT(order 10 %M at pH 9.12,

Wavew ABSORBENCE

Length
inmp, 1 2 3 4 5 G 7 3 9
3,94 6,67 8,00 10,00 13,34 16,67 20,00 26,67 33.34

510 0.425 0,435 0,566 0,89 0,620 0,630 0.640 0,640 0,640
520 0,430 0,485 0,580 0,66 0,726 0.760 0,760 0,766 0,760
530 0,400 0,570 0,640 0,68 0,770 0,780 0,790 0,820 0,50
540 0,360 0,428 0,546 0,56 0,545 0,530 0,880 0,576 0,580
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Dodecane sulphonie acid(D8) =rosaniline hydrochloride,.

Table 13.
Absorption spectra of 2,00 x 10™°N rosaniline hydrochloride in
presence of different concentrations of DS(order 10™*M) at pH 2,00

Waves ABSORBEHNCE
length
in mp,1 2 3 & 6 6 7 3 9

L34 3,34 6.4 6,67 10,00 13,34 16,67 20,00 26,67

8535 0,360 0,330 0,470 0,866 0.730 0,800 0,828 0,790 0,790
% 0,396 0,410 0,500 0,600 0,800 0,920 0,940 0,965 0,970
876

0,320 0,350 0.460 0,560 0,850 0,935 1,066 1.060 1.060
0.280 0,280 0,340 0.460 0,765 0,000 1,026 1,030 1,020

Table 14,
Absorption spectra of 1,34 x 10™®M rosaniline hydrochloride in
presence of different concentrations of DS(order 10° %M at pH 4,60,

Yavee ABSORBENCE
length
in up,l 2 3 4 8 6 7 8 ")

Se34 6,67 10,00 13.34 16,67 20,00 26,67 33.34 40.00

6356 0,90 0,82 1,08 1,36 1,36 1,36 1.34 1l.33 1.36
535 0,87 0,8 1,16 1.26 1.31 1,36 1,30 1.40 1l.41
546 0.4 0.74 1.19 l.20 1.6 1l1l.42 1,46 1,48 1.4
860 0.72 0,68 1,06 1,22 1,30 1,33 1,36 1l.38 1l.38

Table 16,
Absorption spectra of 1,34 x 10°®M rosaniline hydrochloride in
presence of differeat concentrations of DS(order 10™ %M at pH 7.00,

waVee ADSORDEWNCE

ngth
in mp.l 2 3 4 [ 6 7 8 )
.94 6,67 68,00 10,00 128,00 13,34 16,67 20,00 26,67

838 0696 0.940 1010 1,120 1,140 1,186 1.196 1.208 1,210
S48 0,650 0.960 1.080 1.150 1,2%0 1.340 1.280 1,250 1,260

0,800 0,740 0,720 0,300 0,830 0,846 0,850 0,846 0,850




Dioetyl sodium sulpho suceinate (Manomd OI) =rosaniline
hydrochloride,

Table 16,

Absorption spectra of 2,67 x 10°°K rosaniline hydrouhlorida in
presence of different concentrations of Manoml OT(order 10°%M)

at pH 2,00,

Wavee- ABBORBENCE

length

in mp.l 2 3 4 5 6 7 8 9
1.34 3,34 6,67 10,00 13,34 20,00 26,67 33,34 40,00

536 0,700 1,040 WM ~1,200 1,820 1,230 1, 24C

545 0,780 1,088 1,240 1,200 1,355 1,360 1.360 1,36C

560 0,650 1,000 1.uo 1,225 1.270 1,340 1,388 1,440 1,450

876

0530

0,830 0,870 0,880 1,010 1,075 1,090 1,130 1,13C

Tabie 17.

Absorption spectra of 1.34 x 10™°N rosaniline hydrochloride
in presence of different concentrations of Manoml OT(order
1079 at pH 4,60,

in mp.1
2,67 5,34 6,67 8,00 10,00 13,34 16,67 20,00 26,67

ABS ORBENCE
2 3 4 8 6 7 8 )

0,600 0,766 1,045 1,100 1,166 1.220 1.266 1,266 1,266
0,660 0,820 1,110 1l.220 1,330 1,430 1,460 1.470 1,430
0,610 0,780 1,140 1,280 1,390 1.806 1.550 1.860 1.5860
0,580 0,650 0,810 0,940 1,000 0,990 0,990 0,980 1,020

=

Table 18,

Absorption spectra of 1,34 x 10°%M rosaniline hydrochloride in
presence of different concentrations of Manoxl OT(order 10°%M

at pH 7.00.

Waves ABBORBENCE

length

in mp.l 2 3 4 6 6 7 9
3,394 6,67 10,00 13,34 16,67 20,00 26,67 38.4‘ 40,00

526 0,950 0,995 1,040 1,000 1,140 1.240 1,270 1.2756 1.276

6356 0,960 1,035 1,150 1,210 1,290 1.420 1,450 1,450 1.460

m 0,800 1,015 1,150 1,235 1,386 1,476 1,620 1.540 1,840

0,700 0,810 0,880 0,920 0,850 0,070 1.000 1,000 1,010
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Cetyl trimethyl ammonium bromide (CIMAH) econgo red,
Table 19, '

Absorption spectra of 3,34 x 10"%M congo red in presence of
different concentrations of CIMAB (order 10°°W) at pH 2,00.

Wave= ABSORBENCE
length
:an.l. “ 3 4 5 ] 7 a8 °]

1.3 2,67 3.34 5,34 6,67 10,00 13,34 16,67 20,00

ot“ ol“ 00“ ot“ 0‘“ ot‘ 0.“ 0.50 0.61
D46 0,81 0,56 0,68 0,64 0,87 0,62 0,70 0,70
0,48 0,87 0,60 0,71 0,60 0,70 0,686 0,72 0,72
0s83 0,87 0,68 0,70 0.7 0,68 0,63 0,70 0,71
058 0,56 0,68 0,78 0,78 0,67 0,87 0,63 0,64
0.62 0,64 0,868 0,68 0,50 0,586 0.8
0.62 0.686 0,64 0,456 0,39 0,36 0,20 0,31 0,31
0,683 0,64 0,80 0,36 0,20 0,22 0,19 0,17 0,17
0,60 0,50 0,43 0,84 0,16 0,10 0,068 0,068 0,06
0.68 0,483 0,38 0,18 0,10 0,07 0,04 0,083 0,03

<3 b
SE8ERsEsEE
o
L 3
2
o
[ 3
2

Table 20,
Absorption spectra of 8,34 x 10"°M congo red in presence of
different concentrations of CIMAB (order 10°%9 at pH 7.00,.

Have= ABSORBENCE
length
inmp, 1 2 3 & 6 6 7 8 9
1.34 2,67 3,34 4.67 5,94 6,67 10,00 13,34 20,00
m OQ“ °l“° 01“ 00'” o.m ”“. OOn- 0.“ 0.“
450 0.9 0,88 0,80 0,7 0,72 0,69 0,72 0.74
460 1,06 1,02 0,83 0,8 0,30 0.74 0.7 0,77
470 1l.11 1.07 0,99 0,801 0.4 0.7 077 0.7
430 1l.12 1,00 1,00 0.92 0.9 0,78 0.7 0.77
490 1,07 1,00 0,801 0,54 0,30 0.74 0,76 0,76
S00 0,96 0,87 0,77 0.7 0,70 0.72 0,72 0,70
526 0,66 0,88 0.54 0,52 0,861 0,60 0.64 0,63

Fig.22,
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Table 21,

Absorption spectra of 3,34 x 10™°M congo red in presence of
different concentrations of CIMAB ( order 10°%M) at pH 9,12,

%

Wavee ABSBORBENCE
length
in mp. 1 2 S 4 5 6 7 8 9

1,34 2,00 2,67 3,34 5,94 6,67 10,00 20,00 26,67

428 0,568 0,53 0,45 0,45 ”t‘. pptn, 0,40 0,43 0,47
450 0,82 0,77 0,70 0,70 0,63 0,66 0,68
460 0,92 0,8 0,80 0,78 0.72 0,78 0,73
470 0,99 0,88 0,84 0,82 076 0,77 0.76
430 1,00 0,81 0.86 0. 0,74 0,76 0,76
49C¢ 0,88 0,90 0,8 0,74 0,68 0,74 0,70
500 0,8 0,8 0,76 0,63 0,66 0,68 0,656
§25 0,63 0,60 0,63 0,41 0,50 0,50 0,49
Flg. 23,
Cetyl pyridinium bromide (CPH) e-conge red,
Table 22,

Absorption spectrs of 2,00 x 10™®M in presence of different
concentrations of CPB (order 10°% at pH 2,00,

Wave- ABSORBENCE
length
in mp, 1 2 3 % & 6 7

8 9
0.67 1.94 2,01 2,67 3.4 4,02 5.34 6.67 10,00

Oe24 0,28 0,30 0,33 0,36 0,37 0,38 0,38 0,38
028 0.27 0,32 0,37 0,38 0,38 0,39 0,40 0,41
036 0,28 0,31 0,353 0,36 0,356 0,356 0,36 0,36
0e30 0.29 0,20 0,31 0,20 0,28 0,27 0,28 0,26
0,34 0,30 0,28 0,27 0,88 0,21 0,19 0,19 0,18
0,37 0,31 0,26 0,23 0,19 0,17 0,14 0,14 0,14
0.30 0,38 0,28 0,18 0,18 0,10 0,08 0,07 0,07
0,37 C.30 0,22 0,13 0,090 0,08 0,04 0,08 0,03
0.33 0,28 0,17 0,090 0,07 0.04 0,02 0,02 0,02

311314313




Table 23,
Absorption spectra of 2,67 x 10°M congo red in presence of
different conecentrations of CPB (order 10™%) at pH 7,00,

162

Wave= ABSORBENCE
1len
in mp, 1 2 3 “k ) 7 3 ]

l.34 2,67 3,94 4,67 6.34 6,67 10,00 13,34 20,00
428 0,80 0,47 0,43 0,40 pptn. pptn. 0,36 0,33 0,33
450 0,66 0,63 0,60 0,56 0:.583 0,82 0,862
460 0.74 0.7¢ 0,67 0,63 0.6 0,568 0,86
470 0.7 0.74 0,78 0,68 0s54 0,83 0.8
480 0,81 0,77 0.78 0,86 0«81 0,80 0,80
490 0.7 0.74 0.72 0,61 0.47 0,456 0,45
S00 0,76 0,72 0,87 0,54 0«41 0,38 0,38
5256 0,48 0,42 0,40 0,356 0.27 0,23 0.23

'1‘. “.
Table 24,

Abgorption spectra of 2,67 x 10°°M congo red in preseace of
different concentrations of CPB (order 10 °M) at pil 9.12,

Wavew ABSBORBEWNCE
length
in mp, 1 2 3 4 5 ? 3 9
1,34 2,67 3,34 4,67 65,34 6,67 10,00 13,34 20,00
0,42 0,41 0,38 0, pptn. pptn, 0,338 0O, 0.40
m 0,628 0,61 0.58 0.3 0,50 O.g 0.56
460 0,60 0,66 0,56 0,41 0.528 0.54 0,68
470 0,74 0,72 0.5 0,42 0.60 0,862 0,587
480 0,76 0,72 0,61 0,43 0,45 0,47 0.51
400 0,786 0,60 0,57 0,38 0,40 0.42 0,45
500 0,72 0,62 0,82 0,31 0.4 0,38 0.3
526 0,54 0,43 0,38 0,20 0.86 0,23 0,23

.Fl‘.a"
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RESULT_AND DISCUSSIONS

The regults of the absorption studies on surfactante
dye mixtures carried out at different pHs are summarized
in Tables ( 1«18 ). From the data,it can be seen that the
absorbence peak is shifted towards the higher wavelength
in presence of as low as 6,67 x 10™*M of the surfactant,
the shifts being from 610 to 625 o for malachite green,
520 to 530 op for rhodamine 60 and 835 to 545 mu for
rolynunc hydrochloride, In all cases,the shift was
independent of pHyexcept for rosaniline hydrochloride vhere
a shift from 545 to 560 BR vas observed at pH 2,0 while
ltmmuus-r-t pi 4,6 and 7,0, It was further
observed that the absorbence value got increased in
rresence of surfactants irrespective of the fact whether
measurements were carried out at dye maxims or the shifted
wavelength,

Another interesting observation was that a larger
quantities of these surfactants in comparision to the
alkyl aryl sulphonates ( 26 ) were required to suift the
dye maxima ( Table 1 ),This may be due to the lower c.m,o.
values of the latter (order 10°%9 than for the former
vhere it was found to be of the order 10™*M(Table 46).
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The spectral shift in the dye maxima offersthe
folloving possibilities of intermolecular and intrae
molecular changoess

(1) Molecular rearrangement of the dye wolecule
owing to the change in the pH of the solution,

(11 Disturbance in the monomer-polymer equilibrium
of the dye,

(111) Interaction of the dye molecules with surface
active substances.

Each of the above possibilities can be resolved as
followss
1, In order to know the molecular state of the dye in
the solution,the absorption of the dyes was studied over
a coneentration range ( 0.0 to 4,0 x 10°%M ) in which the
interaction with the surfactants was to be studied
(Figs 1 ayl b ). Beer Lambert's law was obeyed in this
concentration range thereby providing evidence of the
fact that aggregated dye molecules do not exist in highly
dilute solutions.
2. In order to find out vhether intramolecular rearrange-
ment in the dye molecules takes placej,absorption were
carried out in different buffer media ( pH 2.044.6,7.0,
.12 ), No shift in maxims was observed confirming
thereby that pH variation did not bring about molecular
rearrangement in the dyes uander investigation,
3, Absorption measurements carried out in presence of
surfactante at the shifted wvave lengths ( 6256 mu,8530m
and 545 mu for malachite greenyrhodamine 6G and rosaniline



Table 1.

- &%
b
l“

oxl _OF required tO shilec Lhe Baxine
irochioride at different ohs

Dye Shift in pH !m% gT
maxima Dys m%nrfmtmf coNnCa actan
conce

Jount ol lodecgnt uliphonic agld {DS) nd M
glachite green.rhodam’ne 65 and rosaniline

Ide CONCye
(x10™%9 (x10™*M) (x107%9 (x107%9

2.00 2,00 6.67 4,00 1.34
Malachite 610-6286 700 2,87 S.34 4,00 Se 4
greens 9.12 2,00 6.67 ded4 10,00
( 2,00 1.34 6.67 1.34 Se 34
Rhodamine 520-530 g 7.00 1.34 5.34 2,00 6.67
6G, 9.12 2,00 10,00 1l.34 10,00
5485560 2000 200 10,00 2,67 40,00
Rosaniline 535-545 4,60 1,34 Ge67 1l.34 567

70T
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hydrochloride respectively ) showed larger increase in
absorbence in the initial stages (Figs.26«43 ) . The
increase in absorbence was more marked in the case of
rosaniline hydrochloride and malachite green than in the
case of rhodamine 6G,

The above data couldytherefore,indicate a possible
interaction of the dyes with the surfactant molecules,
probably in the form of soluble complexes. At higher
concentrations of the surfactantync further increase in
absorbence or a nev shift in maxims was observed, These
results went to show that the complete binding of the
dye molecule with the surfactant took place after a
ecartain concentration of the latter was reached, The
levelling off points in the plots between sbsorbence and
surfactant concentration would correspond to the complete
extraction of the dye into the surfactant micelle
(Figs,2«19 ), It was further observed that the varying
coneentration of the surfactants shifted the dye maxima
to the same extent provided the experiments were performed
at a fixed pH, However,the amount of the surfactant
required to bring about these shifts depended upon the piH
of the solution, For example, it was observed that a
lesser guantity of the anlonie surfactants was required
to shif't the dye maxima of malachite green and rhodamine
6G in the acedic medium than that required in elkaline
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media, This behaviour was,however,reversed in the case
of rosaniline hydrochloride where large quantity of
the surfactant was required at low pH values,

The experimental results of the spectrophotometriec
| studies thus provide evidence for the formation of a
dyeesurfactant complex, These observations are in quite
agreement with the earlier reported investigations ( 25 )
where the formation of such complexes was shown on the
basis of shift in dye maxima and enhanced absorbence
in presence of surfactants, These observations also go
to show that other factors like pH of the dye solution,
monomer=polymer equilibrium etc.exert a very iittle
influence on the surfactantedye interaction,

The absorption data besides providing evidence
for surfactantedye interaction ean be profitably employed
to caleulate the extent of binding, Applying Klotz's
formula, the following results were obtained,
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Dodecane sulphonie acidemalachite green,
Table 2,

Caleulation of binding st pH 2,00
Dye conceatration=2,00 x 10°%M ¢g®14800 ¢, =37600

Cone.of B8 Absorbence .~ «  Cone.of  Conoyof

( x 10°%9 free dye bound dye
(x10°%9  (x10"%y
de 4 0,308 18250 0.97 1.94 0e 06
S5.34 0,400 20000 0.7 1.62 0,48
6.67 0,470 23500 0,69 1,38 0,62
38,00 0,540 27000 0,46 0,92 1,08
10,00 0,680 22500 0,22 C.44 " 1.66
13,34 0,720 36000 0,07 0.14 1,86
16,67 0,745 37200 0,01 0. 02 1.98
20,00 0,750 37500 0,00 0,00 2,00
26,67 0.766 37760 0,00 0,00 2,00
Table 3,

g = 14800 e‘ = 36890

Dye concentration 2,67 x 10"%M

Conc.of DE  Absorbence ¢ « Cone,of Cone.of
(x10°%9 o free dye bound dye

(x10%%9)  (x10™%M

3,94 Oe4l 16860  Os08  5.08 0.11
Se34 0.52 10470 0,78 2408 0,58
6.67 0. 58 21720 0,68 1.82 0,38
10,00 0,76 28460 0,38 1.01 1,66
13.54 0,87 32630 0,20 0,58 Ze14
16,67 0,04 35210 0,08 0.21 246
20,00 0,97 36330 0,02 0,086 262
26,67 C.088 36890 0,00 0,00 2,67

33,34 0.985 3680 0.00 0,00 2,67

Flg. 8 (» o



Table 4,

Calcuiation of binding at pH 7,00
Dye concentration = 2,00 x 10" ¥

169

e,-axm €= 42500

Coneeof DS Absorbence ¢app «  Conesof  Coneeof
(x10%39 free dye bound dye
(x10°% (x10°%0)
.34 0,465 23280 0,90 1,80 0.20
5,34 0,620 31000 054 1,08 0.92
6,67 0.670 33500 0,42 Oe 4 1,16
10,00 0,760 37600 0,23 0.46 1.54
13.34 0,700 39500 0.14 0.28 1,72
16,67 0,80 40500 0,10 0. 20 1,80
20,00 0. 340 42000 0,02 0.04 1,96
26.67 0. 350 42800 0,00 0,00 2,00
33,34 0. 880 42500 0.00 0,00 2,00
Fig.d (a) «
Table 5.
Dye conecentration = 2,67 x 10™°M ¢g®21000 ¢ = 41570
Conec.of D6 Absorbence ¢ L Conc.of  Conc.of
(x10"%19 app free dye bound dye
(x20°%9 (x10™%9
Se 34 0,680 21720 0,96 2,56 0.11
So 34 0,760 28000 0.66 1.74 0.03
6,67 0. 820 30710 0,53 1.41 1,86
10,00 0.970 36330 0.28 0,67 2,00
13,34 1,040 39140 0.17 0.45 2. 22
16,67 1.080 39700 0,12 0,32 2e38
20,00 1,080 40450 0,08 0,13 2,84
26,67 1.110 41870 0,00 0,00 267
33,34 1,110 418670 0,00 Ce 00 2,67

Figed (b«



Table 6.

Calculation of binding at pH 9,12

110

Dye concentration = 2,00 x 107°M  (,=8250 €p® 25000

Cone.of DS Absorbence ¢ e Conesof Conec.of

(x10™%0 &PPe free dye bound dye

LI (x10°%9 (x107%9
e 34 04180 2000 0,85 1,80 0:10
6.67 0. 260 13000 0.72 l.44 0.56
10,00 0,300 18000 0.60 1,20 0480
13.34 0,376 17780 0,43 0. 88 l.14
16,67 0.430 21600 0,21 0.42 1.68
20,00 0450 22500 0.18 0.30 1.70
26,67 0,480 24000 0,06 0.12 1.88
S3e 34 0800 25000 0,00 0,00 2,00
40,00 0.500 25000 0.00 0,00 2,00
Fiz.4 (@)
Table 7.

Dye concentration = 3,34 x 10"% e,-mo e.ll 'muo

Cone,of D6 Absorbence ¢ « Cone.,of Conec,of
(x10°%9 appe free dye bound dye
(x10™%9 (x10™%9
Je b 0,300 9000 0.96 3,17 0,17
6.67 0,340 10180 0.88 2,04 0,40
10,00 0,400 11980 0,7 2,54 0.80
13,34 0.470 14070 0,63 2,10 1.24
20,00 0,560 16770 0,46 1.54 1.80
26,67 0,640 18160 C.84 0,80 254
3334 0.740 22160 011 0,37 2,97
40,00 0,780 233850 0,01 0,08 3.381
53.34 0. 800 23950 0,00 0,00 3o A
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Dloctyl sodium sulpho succinate(Manoxl OT) -malachite green,

Table 8,

Caleulation of binding at pH 2,00
Dye concentration = 3,34 x 10™%M ¢g®l4500 ¢, =20060

Congeof Absorbence ‘q «  Cons.of Cone.of

Menoxl OT PPe free dye bound dye

(x10™*0 (x107%9 (x107°W

l.34 0,280 3630 - = @

ai“ Ouaﬂ 10620 - - -

6.67 0. 520 15660 0.82 2., 0.60
10,00 0,600 17660 0,81 1,70 l.64
13.34 0,640 19160 0.20 0,97 2,37
20,00 0,670 20280 0,10 0,33 3,01
6.67 0,680 20360 0,00, 0,30 3,04
Sle 34 0.680 20810 0,02 0,07 327
“-00 0,700 20060 0,00 0,00 Se 4

Fig.s (a)
Table '.

Dye concentration = 4,00 x 107°M ¢ 14600 (= 22000

Conc.of Absorbence ¢ «  Conesof Coneeof
Manoxl OT apPe free dye bound dye
(x10°%0 (x10™%9 (x20™%H
3.34 0,410 10280 2 - -
6.67 0,660 16500 0,73 2,02 1.08
10,00 0¢ 750 18780 0,43 1,72 2,28
13,94 0. 800 20000 0,30 1.20 2480
20,00 0, 850 21260 0,10 0,40 3,60
26,67 0. 368 21620 0,056 0,20 3. 30
33,34 0. 875 21880 0,028 0,08 3,92
40,00 0. 885 22120 0,00 0,00 4,00

’1305 (H [ ]
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Table 10,
Calculation of binding at pH 7,00,
Dye concentration = 4,0 x 10°%M o™ 21000 oy 37760

Cong.of Absorbence & Conc.,of Cone.of

Manoxl OT Capp. free dye bound dye
(x10%%¥% ‘ (x10°%9 (x10™%9
1.34 0. 850 21280 0,08 3,92 0,08
3.34 1.000 26000 0,76 3,04 0.96
5.34 1.250 31250 0,30 1.88 2.4
6.67 1,360 33780 0.24 0.96 3,04
10,00 1.470 36750 0,06 0,28 ° 3,78
13.34 1.510 37300 0,00 0,00 4,00
16,67 1.616 37900 . 0,00 0,00 4,00
20,00 1.516 37900 0.00 0,00 4,00

Fig. 6,



Table 11,
~ Caleulation of binding st pH 9,12,
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Dye concentration = 2,67 x 10"%X ¢g™8660 (= 21720

Conecqof Absorbence ¢ < Conec.of Conc.of
Manoxl OT &PPe free dye bound dye
(x20°%9 (x20%0  (x10"%9)
l.34 0.190 7120 0,97 2,80 0,08

Se 34 06300 11100 0,71 2,00 0,67
6,67 0,468 17030 0.31 0,83 le3a
10,00 0,620 19480 0.156 040 2,27
13.34 0,540 20130 0.10 0e27 2,40
20,00 0e 660 20700 0,07 0,19 20438
28,67 0,570 21290 0,08 0.08 2,656
S3.34 0,580 21780 0.00 0,00 2,67
40,00 0,580 21790 0.00 0,00 2,87

F’.‘. 7 ‘.)
Table 12,

Dye concentration = 3,34 x 10°%N g™ 6660 (= 21000
Conceof Absorbence : « Concl.of Cone.of
Manoxyl OT 8pPe free dye bound dye
(x20™*0 (x10™%9  (x10™%9
1,36 0,280 3630 0,86 2,87 047
3,94 0,365 10620 0,72 240 GO
6,67 0,520 15660 0.37 1.04 2430
10,00 0,600 17660 0.83 0.77 2,87
13,34 0,640 19160 011 0,87 2.97
20,00 0.670 20280 0.086 017 317
26,67 0.680 20360 0,04 0.13 Je 21
S5 34 0,688 20810 0.01 0,03 331
40,00 0700 20860 0,00 0,00 Se 34

Fig.,7 (B .
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Dodecane sulphonie acid (DE) « rhodamine 60,
Table 13,

Caleulation of binding at pH 2,00
Dye concentration = 1,34 x 107%M (® 51120 (.= 67160

Tonc,of 08 Absorbenee (= & Conesof  Comesof
(ﬂo'ﬁn i free dye bound dye
(x10°%9 (x10°%M
3.34 0,640 438000 - “ -
6,67 0.6056 51870 0,086 1,17 0.17
3,00 0,740 856220 0:.76 1,00 Oed4d
10,00 0,765 87830 0,568 0,78 0.56
13,34 0, 320 61190 0,37 0,80 0.84
16,67 0. 830 68670 0,00 0,11 1,23
20,00 0. W5 66300 0,08 0,03 1,31
28,67 0,900 67160 0,00 0,00 1,34
33034 0,900 67160 0,00 0,00 1.34
Fiz.8 (a)
Table 14.

Dye concentration = 2,00 x 10™® M (= 61120 ¢, = 64500

Conc.of D8 Absorbence © Conc.,of Cone.of

‘appe
- free dye bound dye
(x10™W .
(x107%9 (x107%W)

3,34 0,820 46000 - - =
6467 1,080 54000 0.80 1,60 0,40
8,00 1,150 57500 0,63 1,08 094
10,00 1,210 60500 0,31 0,82 1,38
13,34 1,230 61500 0,24 0,48 1.82
16,67 1,260 63000 Oell 0,22 1,78
20,00 1,280 64000 0,08 0,10 1,80
26,67 1,200 64500 0,02 0,04 1,96
33,34 1,208 64750 0,00 0,00 2,00
40,00 1.295 64750 0,00 0,00 2,00

Pilos (b) »
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Table 185,

Calculation of binding at pH 7.00

Dye concentration = 1,34 x 10°°M cg® 42600 ¢ ,= 63430
Conceof DE Absorbence €app o Coneceof Cone.of
(x20°%9 - free dye Dbound dy

(x20°%9  (x20"%9
e 34 0,630 47000 0,30 011 1,23
5e34 0,710 83000 0s 50 0,67 0,67
6,67 0,768 §7000 0,33 0.44 0,90
3,00 0,800 60000 0.16 0,21 1,13
10,00 0, 320 61200 0.11 .15 1,19
13,94 0, 340 62690 £,04 0.08 1.29
16,67 0, 8456 63050 0.02 0,03 1.31
20,00 0, 850 63430 0,00 0,00 l.34
26,67 0, 350 63430 0,00 0,00 1,34
?1109 (ﬂ .
Table 16,
Dye eoncentration = 2,00 x 10"%M cg™ 42600 €p® 64000
Conce,of D8 Absorbence ¢ x ol Congsof Cones0f
(x10°%19 apPe free dye bound dy
(x10™%9  (x10™%
3,34 0,980 47600 0:.77 1.54 0046
5.34 1,070 53600 0,49 0.98 l.02
6,67 1,130 56500 0,356 0.70 1.30
8,00 1,166 53250 0,27 0,54 1,46
10,00 1,210 60500 017 0.34 1,66
13,34 1,280 62500 0,08 0.16 1l.84
16,67 1,280 63000 0,04 0,08 1,02
20,00 1. 276 - 83750 0,02 0,04 1,96
26,67 1.280 64000 0,00 0.00 2,00
33034 1,280 64000 0.00 0,00 2,00
Fig.’ (H .



Table 17.

Calculation of binding at pH 9,12
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Dye concentration = 1,34 x 10™%M g™ 42000 ¢, = 71640
Conce.of D6 Absorbence ¢ apps «® Cone,of Conc.of
(x20°%9 (x10°%M
1.34 0,65 438510 0.78 1.086 0,29
S.34 0,68 50760 0.70 0,94 0.40
6.67 0,72 853730 0,60 Ce 80 0. 54
8,00 0,77 57600 0,48 0.64 0,70
10,00 0,83 61946 0433 1l.10 0. 84
13.34 0,92 68660 0.10 013 0.21
16.67 0.96 71640 0,00 0,00 1.34
20,00 0.96 71640 0,00 0,00 1.34
Fig.10 (@)
Table 18,
Dye concentration = 2,00 x 10°%M ¢g=42000 (,® 72500
Conesof D6 Absorbence (., « Conceof Cone,of
(x10™%9 . free dye bound dye
(x207%9 (x10™%W
4,00 0,980 45000 0.90 1.80 0, 20
6.00 1,02 61000 0,70 1.40 0,60
8,00 1.10 58000 0.87 l.14 0. 80
10,00 1,26 62500 0,33 0,66 1,34
12,00 1.36 67500 0,16 0.32 1.68
14,00 1.41 70500 0.06 0.12 1,88
16,00 1.43 71500 0,03 0,08 1,94
20,00 1,45 72600 0,00 0,00 2,00
24,00 1.456 72500 0,00 0.00 2,00
Flg.10 (B
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Pioetyl sodium sulpho succinate( Manoxl 0T) erhodamine 6G,

Table 19,

Calculation of binding at pH 2,00

Dye concentration = 1,34 x 10"%M g™ 81120 ¢, = 64500
Cone.of Absorbence . Cong,of Conec.of
Manoxl 0T &PPe free dye bound dye
(x10™%0 (x10™%9 (x107%
3,94 0,430 32100 - . .
834 Ce 700 52240 0,88 1.13 0.21
6,67 0,770 §7460 0.53 0. 71 0,63
8,00 0,780 68210 0,47 0,63 0.71
10,00 0,800 60000 Ond4 0,45 0.3
13.34 0. 820 61200 0.26 0,33 1,01
16,67 0, 835 62310 0.16 .21 l.13
20,00 0,880 63430 0,08 Cell 1,83
26,67 0, 866 64500 0,00 0s00 l.94
3334 04 365 64500 0.00 0400 1.4

Flg.1l (a)
Table 20,

Dye concentration = 2,00 x 10°%M g™ 61120 ¢ = 62500
Cong.of Absordbence o Conc.of Cone.of
Manoxl OT apPe free dye bdouad dye
(x10%*0 (x10°%9 (x10"%W
Se34 0.500 25000 = - -
5.34 0.920 46000 - = -
6467 1,040 52000 0,94 1.388 .12
8,00 1.080 52600 0,90 1,80 0,20
10,00 1,080 54500 0,70 1,40 0.60
13,54 l.140 87000 0,48 0,96 1.04
16.67 1,180 §8000 0,37 0. 74 1.26
20,00 1,220 61000 0,13 0e 26 1l.74
26,67 1.240 62000 0.086 .10 1,80
33.34 1.280 62500 0,00 0,00 2,00
40,00 1,250 62600 0,00 0,00 2,00

Flgs 11 (b
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Table 21,

Calculation of binding at pH 7,00,

Dye concentration ® 1,34 x 107°M (™ 42500 ¢, 61200
Conc.of Absorbence (.. o« Conecsof Conceof
Menoxl OT - free dye bound dye
(x10°%0 (x10°%9  (x107'®
’Q“ 0.535 m - - -
5,34 0,650 48500 0.68 1.01 0.33
6.67 0,716 53360 0,41 0,56 0.7
8,00 0,740 53220 0,32 0,43 0,91
10,00 0,760 56720 0.24 0,32 1,02
13,34 0780 58210 0.16 0,21 1,13
16,67 0, 800 §0700 0,08 011 1.23
20,00 0,30 60500 0,04 0.08 1,29
26,67 0, 820 61200 0,00 0,00 1.4

713.12 ‘.) ®
Table 22,

Dye concentration = 2,00 x 107°M (= 42500 ¢, = 61000
Cone,of Absorbence « Conc.of Conceof
Manoxl OT &PPe free dye bound dye
(x107*M (x10°%9  (x207°W
3.34 0e76 37800 9 = . o
Sed 0,87 43500 0,086 1,90 0.10
6,67 0.99 49800 0,62 1,24 0.76
8,00 1.086 §3000 Ot 0.36 1.14
10,00 1.19 56600 0. 24 0.48 1,62
13,34 1,19 865600 0,06 0.12 1,88
16,87 1.2 60500 0,08 0,06 ' 1,94
20,00 l.22 61000 0,00 0,00 2400
26,67 l.28 61000 0,00 0,00 2,00

’1‘.“ (b) »
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Table 23,

Calculation of binding at pH 9,12,

Dye concentration = 1,34 x 10°%K €g™ 42000 ¢y 62000

Conceof Absorbence €q o« Cone.,of Cone,of

Manoxl OT PPe free dye bound dye

(x10°*0 (x10°%0 (x10°%M

Se 34 0,406 30220 @ = -
6.67 0,870 42540 0,97 1,20 Oeld

8,00 0.640 47760 076 1,02 0.32
10,00 0,880 51800 0,50 0,67 0,67
13,34 0.770 87460 0. 23 D31 1,03
16,67 0,780 58210 0,19 e 26 1,00
20,00 0,790 80000 0.156 0.21 1.13
26,67 O. 820 61200 0,04 0,08 1,29
33.94 0, 330 62000 0,00 0,00 1l.34
40,00 0, 330 62000 0,00 0,00 1,54

9181 13 (ﬂ »
Table 24,

Dye concentration = 2,00 x 10™® M g™ 42000 ¢\® 61500

Coneg,of % Absorbence ¢ o Concs,of Cone,of

Manoxl OT _ aPpP free dye bound

(x10"*9 dye.
3.“ o.“ m - - -
‘n” 0.70 w - - -

8,00 0,98 43000 0,986 1,90 0,10
10,00 0.92 46000 0. 80 1.60 0,40
13,34 1,086 52500 0,46 .92 1,08
16,67 1,11 88500 0,33 0,66 1.34
20,00 1,16 §7500 0.21 0.42 1.58
26.67 1,18 53800 0,16 0. 30 1,70
3334 1.20 60000 0,08 0,16 l.84
40,00 1,22 61000 0.03 0. 06 1,94
53.34 1,23 61500 0,00 0«00 2,00

Fig.

13 (v



Dodecane sulphonic acid(DE) =rosaniline hydrochloride,

Calculation of binding at pH 2,00,

Table 285,

Dye concentration = 2,00 x 10°%M g™ 18500 ¢,= 48500
Cone.of 16 " Absorbence €app & Cone.of Concsof
(x10°%*0) . free dye bound dye
(x207%9  (x107%M
1.34 0,306 19760 0.96 1,92 0,08
3.4 0,410 20500 0.93 1.88 0.14
o34 0, 500 28000 0,78 1.56 Cetkd
6,67 0,600 30000 0.62 1,24 0.76
10,00 0. 800 40000 Do 28 0056 l.44
13,34 C.920 46000 0,08 0.16 1.84
16,67 0,945 47280 C.04 0,08 1.2
20,00 0,965 43280 0,00 0,00 2,00
26,67 0. 9656 43250 0,00 0,00 2,00
Figeld (@),
Table 26,
Dye concentration = 2,67 x 10" ™M €™ 18800 ¢ = 46630
Conce.of D8 Absorbence capp Congeof Cone,of
(x10™*0 o free dye bound dye
(x107%9 (x10™%M

l.94 0,530 19300 0,94 2,81 0e16

Ge 4 0,540 20400 0,21 2,43 0,24
Sed Qe 630 23805 0e 30 2,14 0.53
6,67 0770 28080 0,64 1.72 0.96
10,00 0,030 36700 Oe 34 0.91 1,76
13.34 1,156 43280 0.10 0.27 2,40
16.67 1.200 AAeal 0.08 0.16 2.81
20,00 1.266 46630 0.00 0,00 267
26,67 1,230 46030 e - &

Fig.1l4 (B,
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Table 27,

Calculation of binding at pH 4,60,

Dye concentration = 1,34 x 10" g™ 87000 (,® 106220
Conce,of D6 Absorbence aPPe o Concsof Conce.of

(x10°%0 (x10™%M

3,34 0,97 72400 2 i S

6,67 0. 82 61200 =
10,00 1.18 93040 0,94 1.%6 d.08
13,34 1,26 93280 0,64 0,8 0.48
16,67 1,31 97740 0,38 0,81 0.8
20,00 1,36 101870 0.16 Oe 21 l.13
26,00 1,38 103750 0,04 0,08 1.29
3334 1,40 104430 0,00 0,00 1,94
40,00 1,41 108220 0,00 0,00 1.34

ﬂ.:.u (.)
Table 28,
Dye concentration = 2,00 x 10™°M cg™ BT800 ¢ = 102750
Cenc,of D8  Absorbence capp « Conc,of Conceof
(ﬂo-m . free ‘,’. bound d’.
(x10%9  (x107°%9

334 1,180 57500 - - -

6,67 * 1.000 80000 - - -
10,00 1,600 80000 - - -
13,34 1.800 20000 0,84 1,68 0,38
16,67 1,860 93000 0.64 1l.28 0,72
20,00 1.920 96000 0.44 0,88 1.12
26,67 1,980 20000 0.28 0,50 1.50
Sde 34 24040 102000 0,06 0,10 1,80
40,00 24050 102500 0,00 0,00 2,00
46.67 2,066 1027860 0,00 0,00 2,00

Fig.18 (b),



Table 28,

Calculation of binding at pH 7,00,

122

Dye concentration = 1,34 x 10™°M ¢g™ 71000 s 0250

Conc.of DS Absorbence ¢ appe o Conc,of Cone.of

(x10°%9 free dye bound dye
(x107%9 (x10™%0

3.“ 0.698 um - - -

6.67 0,940 71000 - = -

8,00 1,010 756230 0,78 1,04 0430
10,00 1.120 83610 0,36 0,47 0,87
12,00 1.140 85210 0.2 0,36 0.99
13,34 1.185 33680 0,00 0,12 1.22
16,67 1.188 8190 0,06 0,08 l.26
20,00 1.208 20080 0,01 0,01 1,33
26,67 1.210 20250 0,00 0,00 1.34
33.34 1.210 80280 0,00 0,00 l.34

Fl‘. 16,



Dioetyl sodium sulpho succinate(Manoxl 0OT) -rosaniline
hydrochloride

L ]

Table 30,

Caleulation of binding at pH = 2,00,

123

Dye concentration = 2,67 x 107°M i 18500 (= 50830
Conceof Absorbence o Cone.o0f Conge.of
Manoxl OT apPe free dye bound dye
(x10°*9 (x10°%9  (x10°°M9
1l.34 0,780 20250 0,66 1,76 0,91
3.34 1,086 20520 0,38 0.93 1,74
6,67 1.200 44350 0.19 0,61 2.16
10,00 1,240 46720 O0cld 0,37 2,30
13,34 1,290 48400 0,10 0,27 2440
20,00 1,368 50790 0,00 0,00 2.67
26,67 1.360 50830 0,00 0,00 2,67
n‘." ‘.J *
Table 31.
Dye concentration = 3,34 x 107 = (= 18500 .= 45080
Cone.of Absorbence ( o Cone.of Conesof
Manoxl OT 8PPe free dye bound dye
(x107%19 (x10°%9  (x10™°W
l.34 1,020 30540 0,66 1,94 1.40
3.34 1.210 36220 0,33 1.10 2,24
6.67 1,370 41050 0.156 0,50 2.54
10,00 1.430 42310 0,08 0.27 3.07
13,34 1,450 43410 0,086 0,24 3.14
16,67 1.470 44000 0.04 0,13 3.21
20,00 1,508 45000 0,00 0,00 Se 4
26,67 1,510 45000 0,00 0,00 3ed

fﬁ.‘.l" (“ )
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Table 32,

Caleculation of binding at pH 4.6. ;
Dye concentration & 1,34 x 107 °M cg® BT8L0 (= 110460

Conc,of Absorbence o Conc.of Conec.of

Manoxl OT ¢ appe free dye bound dye
(x107%1 (x107%0  (x10™°M
a." 0.“ ‘m - - -

5034 0,32 61500 - - -

6.67 1,11 82830 - = -

8,00 1.22 91040 0,88  1l.11 0,23
10,00 1,33 100000 0«46 0,60 0.74
13,34 1.43 103600 02 0,39 0496
16,67 1.46 103300 0,07 0,10 1.24
20,00 1,47 109400 0,04 0,08 1.2
26,67 1.48 110460 0,00 0,00 1.34
33,34 1.48 110460 0,00 0,00 1.4

Teble 33,

Dye concentration = 2,0 x 10™% (.= 87800 (,® 115000

Conc.of Absorbence (. o Conc.of Cone.of

Manoxl OT PPe free dye bound dye

(x10™%9 (x10°%9 (x107°M

287 1,01 50600 = E )

5«34 1.28 61000 = - =

6.67 1,57 78500 = - =

8,00 1.82 91000 0,80 1,60 Ce4C
10,00 1,90 85000 0,73 1.46 Ue 54
13.34 2,10 105000 0,37 074 1.28
16,67 2,28 112500 0.15 0030 1,70
20,00 2,29 114500 0,02 0. 04 1.96
26,67 2,30 116000 0,00 0,00 2.00
33,34 2,30 115000 0,00 0,00 2,00

!‘13.18 (N ®



Table 34,
~Caleulation of binding at pH 7,00,

Dye coneentration = 1,34 x 10°°M ( ®

125

71000 ¢,= 108900

Conce.of Avsorbence & = Cone.of Conge.of
Manoxl OT PPe free dye bound dye
(x107%9 (x107%0  (x107%MW
334 0,960 71640 0,99 1.33 0,01
6.67 1.035 77600 0,83 1.11 0,23
10,00 1,180 35320 0.6L 0, 0,52
13,34 1,210 90000 0. 50 0.6 0,67
. 16.67 1,290 96530 0,33 Oa44 0,920
20,00 1.420 108750 0.08 0.11 1.23
26,67 1,480 108200 0,01 0.01 1,33
33454 1,450 108200 0,01 0.01 1,38
40,00 1,460 108000 0,00 0,00 l.34
'1‘0” (.) -
Table 35,

Dye concentration = 2,00 x 107°M (.

71000 ¢ ® 105000

Conc.of Abzorbence ¢ o« Cong.0f Conc,0f

Manoxl OT e free dye bound dye

(x207*0 (x2207%  (x107°W

3,34 1,000 54500 % @ >

6.67 1.270 63500 - - =
10,00 1.430 71500 0.99 1.98 0,02
13,34 1.540 76960 0,82 1.64 0,36
20,00 1.665 33200 0.64 1.28 0,72
26,67 1.810 90350 04 0, 36 1l.i4
33,34 1.890 99000 0.18 0,36 1,64
40,00 2,040 102000 0,09 0.18 1,82
53.34 2,100 105000 0.00 0,00 2,00

Fig. 19 (b,
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From the tables ( 2el2 ) yit coulid be seen that
at pH 7,0, a very small amount of the Manoxl 0T ( 13.34
x 10°% ) was needed for the complete binding of the
malachite green ( 4.0 x 10°® M) jwhereas relatively
larger amount of dodecane sulphonie acid was required
under similar conditions, However,larger amount of the
dodecane sulphonic aeid was needed st the higher pH,
Similar behaviour was observed in the case of rhodamine
6G ( Tables 13«24 ).

With rosaniline hydrochloride the behaviour was
altogether different. Small amount of dodecane sulphoale
acid and Manoxl OT was sufficlent for the complete
incorporation of the dye into the surfactant miecelle at
pH 2,0 while a larger amount of the two surfactants
was required at pHs 4,6 and 7,0 (Tables 25«35 ).

The plots between absorbence and surfactant
concentration could be used to determine the amount of
surfactant bound per molecule of dye sssuming that all
the dye got bound with the surfectant at the inflexion
point, These ratios at two different concentrations of
the dye and differecnt pHs are given below,



Table 36.

(x10™%M) (x107%) (x10°%9) (x107%*M )
ails N 16.67 83, 3.34 28,00 84
e i B8 £ £ 28 B
green. .00 ol87 26.67 100 - - -
sag I8 26.67 133 2,67 14.00 60
- 3.34 40,00 122 3.34 20.00 60
fhodamine g g9  Lle34 16.67 125 1.34 16.67 126
€G. 2,00 24,00 120 2.00 24.00 120
P 12,00 20 1.34 12,00 90
2.00 16.67 a3 2.00 16.67 83
P 14.50 108 1.34 20,00 1850
2.00 20,00 100 2.00 40.00 200
ses N 16.67 a3 2,67 16.67 62
Roseniline 154 e e ot s 180
hydroghloride.4.60 5 4, 40.00 200 2,00 20,00 100
v.00 1e38 26.67 200 1.34 26.67 200
. 2.00 v o 2.00 40,00 200

Lcl
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Mysels had reported that micellization occurs
markedly at low concentrations of the surfactant in the
presence of the dye and that throughout the transition
region, the amount of micellized detergent was greatly
increased by the presence of the dye, According to-them
the curves between the absorbence and surfactant concente
rations ( Figs.2«19 ) would report the change from dye
rich induced micelles to the more normal type ordinarily
contalning no more than one dye cation per micelle,

As these levelling off points were at concentrations
hizher than the c.m,¢sy it could be concluded that the
surfactants interact with the dye only in the form of
micelle, The results in table ( 36 ) give number of
surfactant mclecules micellised per dye ion, Assuming
that 1:l interasction ( the sssumrtion is Justified since
rhodamine 6G snd malachite green ionize to give only one
cation ) between dodecans sulphonie seld and rhodamine
6G or malachite green 1z favoured =t pH 7,0, it may be
inferred that the surfactant micelle interacting with the
dye is made up of 100 surfactant anions ( vide Mukerjee,F.,
and Mysels, E.J,,Jmor, Chem,S50c.y 77 4 2937 ( 1856 )
vork on methylene hlueelauryl sulphate interaction).

On the other hand,the interaction between
rosaniline hydrochloride would involve three surfactant
molccules { vide Malik,¥.U, and Haque,R,,J.Phys,Chem.§7 ,
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2082 ( 1963 )) . lience at pH 7.0, vhere 200 surfactant
anions are found to be bound with the dye molecule,yit.
can be concluded that there are three surfactant micelles,
each having about 66 surfactant anions, which combine
vith rosaniline hydrochloride to give the surfactante
dye complex, fimilar results were obtained by Mukerjee
and Mysels ( 17 ) who studied the complex formed between
pinacyancl ehloride and sodlium lauryl sulphate and found
that three ordinary micelles having about 80 lauryl
sulphate anions per dye cation were formed in the very
dilute solution of the dye ( 4,0 x 107%M ).,

The effect of pH on the number of surfactent
anions forming the micelle could also be seen on the
basis of these investigations.

It vas found that there was no effect of pi on
the number of dodecane sulphonate anions forming the
micelle, The mumber of surfactant anions in Manoxl 0T
vas affected by pH, The number was smaller in the acidie
range ( pH 2,0 ) than that in the alkaline range ( dyes
rhodamine 6G,2,0 x 10”9 ) jand were least in the neutral
medium,

No such uniformity was observed with malachite
green, The number of both dodecane sulphoniec acid and
Manoxl OT surfactant anions ( forming the three ordinary
micelles ) per dye cation are smaller at pH 2.0 in
rosaniline hydrochloride ( 2,0 x 107®M) but as the pH
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increases, the number of anions per micelle increases.
A marked effect of pH on the number of micellized
surfactant anions in the solution of rosaniline hydro-
chloride was thus observed.

The above mentioned observations may be attributed
to the fact that in the acedic medium, the dissociation
of dodecane sulphonic acid is very much suppressed
thereby making avallable a small number of surfactant
anions to form micelle for dye interaction, Similar
behaviour cannot be expected in the case of Manoxl 0T
sinee this surfactant is an ester ( dioetyl sodium
sulpho suecinate ) and 1s likely to ionise more in acldie
medium,

CATIONIC SURFACTANTS=ACID DYE.

Unlike the basic dyes,visz,malachite green,
rhodamine 63 and rosaniline hydrochloride, the absorption
maximum of congo red shifts with the pH of the solution
( tables 19-24 ),

The absorption measurements for determining the
extent of binding were,thersforeyperformed in buffered

systenms,
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Gﬂ“-ﬂf CTMAB
or CPB

( x 10°%M)

fbgorpiicon IBaxiivl
Shift with CTMAB

0,00
0.67
1.34
3.34
5.34
6.67
10,00
13.34
20,00

pi pH
2,00 7.00 9,12 2,00 7.00 9.12
W — -3 - .-
560 480 430 560 480 430
860 480 480 660 480 430
560 480 480 560 480 430
500 480 430 400 430 480
430 pptn. pptn. 460 pptn. Ppptn.
430 pptn. pptn, 460 pptn.  pptn.
460 470 470 460 460 460
460 470 470 460 460 460
460 470 470 460 460 460
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To rule out the possibility of the shift in dye
paximum due to disturbance in the monomerspolymer
equilibrium of the dyej,absorption measurements were carried
out over & wide concentration range, Deer Lambert's law
was found to hold good in the concentration range ( 0,0 to
4,0 x 10°% ) (Fig.l b ). Our polarographic studies
( Chapter V ) also confirm the noneexistence of aggregatos
in congo red,

From the absorption data,the following concluslons
were arrieved at:

In the lower pH range,very large shift in the dye
maximum ( 560 mu to 460 mp ) was observed even with very
small amount of either of the surfactants { €,67 x 107°M ),
while in neutral and basic media, a precipitate of the
insoluble surfactantedye salt was formed, This compound
was found to form a coarse suspension in the presence of
a little more than the stoichiometric amounts of CTMAB
or CPB, Further addition of the surfectant resulted in
the dispersion of insoluble dyeesurfactant complex,
accompained by a spectral shift in the maxioum { 430 mp to
470 mp vith CTMAB and 480 mp to 460 mp with CPB ) was
observed, The complets dispersion of the insoluble salt
was dependent upon the concentration of the dye and the
absolute value of c.m.c. of the surfactant,

The dye structure offered posesibilities for the

existence of svitter ions or resonance structure due to



the protonation of aszo nitrogen, It may be the reason
vhy large amount of catloniec surfactants was required
in the low pH range, The struetural equilibrium existing
in the eongo red dye may be represented as follovs:

( vide Malik and Haque loc.cits)

NHz

) NHo
-t
2 )
SIOSN"“ lHJr Sl<>3Na.
\NHL 5 ‘:‘H'J_
— NH—N={_>=( __>:N___N
] +
so3N& J/ H SloaNa-
+
NH3 N NiH3
sk, —N=N
——NH—- =) = B s
$G, Nt (H)
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The formation of cationie surfactant-dye complex
would take place in the higher pH range, The probable
mechanism for this reaction would lavolve deprotonation
of the dye by the surfactant and its subsequent interact-
ion with excess of the surfactant to give the complex. It
1s,hoveverydifficult to predict the amount of the surfac~
tant required to deprotonise the Nis' and = ' of the
protonated dye and that required for complex ion formation.

The possible reaction betweea the congo red and
CTMAB and CPB would then bes

NHL

o

503(N°L) QYCMH:,?, N (), B-;] SDgQ\la.)

l

* NN D= N~

[ Ha2- NCUH:.);) SOB [C\LH33N(°“3)§
Na., thléu’z,g NcgHs Bv) SO NO:

- i @__D—N N‘@j

|
50_3 o Mag™ NGs Hﬁ'] 56, ey Haznegh
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From the gbsorbence data in the lower pH range
( pH 2.0 ) the extent of binding of the dye with CTMAB
and CPB can be calculated by Klotz's formula. The results
are given in the following tables)

. Table 38,
Caleulation of binding at pH 2,00
Dye concentration = 2,67 x 10" %M <, ® 22470 éh' 5240

Wm % < W
( x m‘lu) a i apPPe ree bound
(x10™%) (x10™%M9
1,34 0,50 18726 0,78 2,08 0,50
2,67 0,43 16108 0,63 1,68 0.99
3034 0.41 15360 0.8 1,87 1,10
4,00 0,33 12360 0.41 1.10 1.67
S.34 0,28 o728 0.26 0,60 1,98
6.67 0,20 76380 Ocld 0,37 2,30
10,00 0.18 5620 0,08 .08 2.62
13,34 0. 16 940 0,00 0,00 2,67
16,67 0.4 5240 0,00 0,00 2,67

Fige. 20 a,
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Table 39,
Caleulation of binding at pH 2,00
Dye coneentration = 3,34 x 10™M < .= 22400 < = 5240

Tonc.of CIHAB ADsorbence g ®  Conc.ol Conc.ol
( x 10°%) atm-p. apPe free dye bound dye
(x107%9) (x10"%
1,34 0,63 18860 0.,7% 2,64 0,70
2,67 0,56 16760 0,67 2,24 1.10
3,34 0,50 18000 0,58 1,87 1,47
Be 34 0,36 10030 0,83 1l.1l0 2.24
6,67 0.20 8680 0,21 0,70 264
10,00 0.22 6600 0,08 0,27 3.07
13,34 0.19 8890 0,03 0,10 3. 24
16,67 0:,17 S840 0,00 0,00 Se A
20,00 0.17 5340 0,00 0,00 3,34
¥ige 20 b,

Cetyl pyridinium bromide (CPH < congo red,

Table 40,

Caleulation of binding at pH 2,00
‘Dye concentration = 2,00 x 107K éf- 22500 éb- 3700

Tonec.of CPE  AbDgsorbence o Cone.of m-o‘f—
(x 10°% ) at 560 ma “app. free dye bound dye

(x10"%%) (x10"%9

0.67 0,39 19500 0.84 1.68 Q.32
l.34 0,32 16000 0.656 1,30 0,70
2,01 0,25 12500 0,47 0,94 1.06
2,67 0.18 9000 0,30 0,60 1,40
Sec4 0,13 6500 0,14 0.28 1.72
4,02 0,10 5000 0.06 0O.12 1.88
5. 34 0,08 4000 0,02 0.04 1.96
6.87 0.07 3700 0,00 0,00 8.00
10,00 0,07 3700 0,00 0,00 200

Fig.2l s,



Table 41.

Calculation of binding at pH 2,00

Dye concentration = 4,00 x 10°°M <= 22500 6,- 3750

Conec.of CPB Absorbence « Conc.of Cong.of
( x 1054 ) ltm*- appe free dye bound dye
(x10°%) (x107%W
1,34 0480 20000 0.80 3,44 0.56
2,67 0,65 16250 0,67 2,68 1.32
.34 0,56 13760 0,63 &,12 1.88
4,02 0,48 12000 0,44 1,78 2.24
S.34 0.41 10250 0,356 1.40 2,60
6.67 0,30 7600 0.20 0.30 3¢ 20
10,00 0,18 4500 .04 0,16 .34
13,34 0,18 3760 0,00 0,00 4,00
16,67 0.16 3750 0,00 0,00 4,00
Fige 21 b,

The levelling off points in the curves plotted

between absorbence and conecentration of the surfactants

were used to give the amounts of CTMAB and CPB required
to incorporate whole of the dye into the surfactant
micelle, These results go to shov that two gquaternary
smmonium cations combine with one dye anion to form a

migelle in the acedic medium ( pH 2,0 ), On the other hand,

112 dyeesurfactant complex is formed in the neutral and
alkaline media. As already stated,the latter complex got
dispersed in excess of CIMAB and CPB,

C2
-3
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pH Dye eonec. CTMAB cone, w_m.
(x10™%X ) (x10°% ) e
7.00 3.4 10,0 3.0
9.18 J.34 10,0 3.0
PR
7.00 2,67 10,00 4,0
9.12 2.67 10,00 4.0

It can be seen from the above table that three
molecules of CTMAB and four molecules of CPB are required
to sclubilize the single dye anlon,



SolinCo DETERMINATION,
The above mentioned data can also be employed

to determine the c.m,c.values of anionie ( Table 1-18)
and cationie ( Tables 19,22 ) surfactants, The concentrate
ion of the surfactant,required to cause an abrupt change
in the spectrum of the m,m congidered to give the
0., Cse The exact values were obtained by plotting the
absorbence of the surfactantedye mixtures vs,the
surfactant concentrationjat bdoth the original and shifted
dye maxima, The point of intersection of the two curves
gave the e.,m.0, value ( Figs,26+43 ).

Another fundamental property worth considering
in the case of surfactantedye mixture is the stable
micelle point ( 8,M,P,) s This point corresponds to the
minimum concentration of the surface active agent which
would yleld a constant value of the absorbence, The
levelling off point corresponding to the £,M,P, value
indicates complete incorporation of the dye into the
surfactant micelle (Figs, 26-43 );

The e¢.m.¢, and S,M,P, values determined by the
above method are given in the following tables, Table 46
gives the data on the c,m,¢, of the pure surfactant
( wvithout dye ) found by conductivity method for the
sake of comparision,



Table 43,

Dye pH Dye cone. Celle Oy BelyPs
(x10°% ) (x20%%NM ) (x10°%M )
Malachite 2,00 2,00 6.67 16,67
green 7.00 2,67 5.34 268,67
2:.12 2,00 - -
Fhodamine 2,00 1,34 5,34 16.67
6a, 7.00 1,34 Se 34 12,00
9.12 2,00 8,00 20,00
Rosaniline 2,00 2,00 8,00 16,67
hydroe 4,60 1,24 8,00 268,67
mﬂru.l 7.00 1.34 5,00 26,687

Dye pH Dye eone, CelleCe BeMe Py
(x10"% ) (x10"%M) (x10°%¥ )
Malachite 2,00 4,00 3,34 33,34
green, 7.00 4,00 3,34 13.34
.12 3,54 10,00 20,00
Rhodamine 2,00 1,34 4,00 16.67
6G, 7.00 2,00 68,00 16,67
9,12 1,34 4,00 20,00
Rosaniline 2,00 2,67 = -
4,60 1.34 6,00 13,34

hydroe
chloride, 7.00 1,34 10,00 26,67
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pH Dye cone,. Cefls C» m SeMe Py
(x107%M ) (x10°%M ) (x107% )
2,0 34 2,67 6.67
SER.
2,0 2,00 1.34 S.34

Conductivity CoReCo
method
(vithout dye) D8 Menoxl OT CIMAB CPB

(x10™% )  (x10™*M) (x10°*M )' (x10°%90

30,0 6480 2,50 53.00

% Carried out separately,
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DISsCUSSION

The c.m,c,values both of anionic and cationie
surfasctants obtained in presence of dyes are lower than
those of the pure surfactants, Already stated the
lowering in c¢.m.c. of the mfa“t by the dyes can be
explained in terms of induced micelle formation, This
concept involves the formation of a surflactantedye
complex whose migelles would be formed at lower concente
ration,

Although parallelism exists between the effect
of dyes and electrolytes on cem, . ythe mechanism
proposed in the latter case takes into consideration
breaking of water structure instead of induced micelle
formation,

esQ0==



1.

?

6.

e

10.

11,
12,

14.

16,

17.
18,
19,

143

L

REFERENCES
Putm F.W,, 'Advances in Protein Chemistry' Vol,IV,
( 1948 ) 5 Academic Press Inc,, Fub,New York,
Cockbain,E, G,y Trans,Faraday Soc. 49 ,104 ( 19883 ).,

mn'(siﬂﬂ )SM,J.R. s Diss,Fareday Soc.
» .

Aokl X, and Hori,J,, J.Aimer, Chem.Soc, Jl ,1885 ( 1989 ).

Guerritore,D, and Belleli,lL., Nature, 194 Suppl., 2l »
1638 ( 1989 )4

Saito,5.y J.Collold Sel., LB 5283 ( 1960 ).,
Saito,8., KolloideZ, 168 ,128 ( 1960 ),
Hartley,Ge oy Trans,Faraday foc, 30 ’“ ( 1954 ).,

Ottewill R, H, ltutul,ﬂ.c. and Watanabe,A, yTrans,
Faraday foc, 56 356 ( 1960 ),

MR.K. and Watanabe,A,, Kolloid<Z 270 ,38,

Schulman, J.H.y Austral.Jd,Chem, 13,236 ( 1960 ),
Frantisck Erben Czech §9,048 ( 1950 ).

%‘ﬁ%;’)’?.ﬂg and Bllll,O.S., rrm.rl’l‘l’ﬁ 'lm

Corrin,M, L., and Harkins, W,D, yJ,Aner,Chem,80c. §8 ,
&m ( 7).

Kolthoff,I,Am. and Stricks,W., J.Phys,and Colloid
Chemn, ,ﬂ o156 ( 1948 ),

Arkin,L, and Singbettery,C.R., J.Amer,Chem, Soc. IQ ,
3065 ( 1948 ).

Mukerjee,P, and Mysels,K,J,, 1bld, 77 ,2937 ( 1956 ).
Lison,L, Arch.Biol., 48 4500 ( 1935).

Holmes,W,C, Strain,Technol,, } 4 116 ( 1926),
é;um,:.x... J, Amer,Chem,50¢e y 78 43335 ( 1951 ),



B P

27.

144

Mehrotra,RsCey Jo Ind,Chem.Socs 25 4541 ( 1048),

Hiskey,Cele and Downey,T.Asy JePhys,Chem, 88 ,836
(1954).

Hayashi,M,, Pull,Chem,So0c, Japan 34 119 ( 1961 ).,
Malik,¥,.U, and Haque,R., J.Phys,Chem, 2082
(10637, i -1
Malik,W.U, and Verma,8.Fsy JoPhys,Chem, 28

( m& )e v o~ .

Noller,CeR, and Gordon, Jedey Je Amer, Chem,S50C.
55 41090 ( 1933 ),

**Hydrogen ions'' by Britton,H.5,,Vols 1,D.Nostrand
Company, Inc, Princeton Hew Jersey ( 1858 ),

KlotzyL.Msy J4 Amor, Chem, foec, £8 92289 ( 1046 ).,



CHAPTER IV

Polarographic estimation of ionie surfactants.



LELTROoDUGCT LN

The various problems of analysis wileh confront
the chemist who deals with the surfactants do not differ
greatly from analytical problems in other fields of
chemistry and chemical technology. A list of various
methods for the analysis and the estimation of watere
soluble synthetie surface active agents ( 1) is reviewed
in the literature,

Probably the most widely used method for estimating
the anlenle surfactants is by titration with long chain
quaternary ammonium salts,using methylene blue in chloroform
as an indicator ( 23 ), Another general method for
determining the lonie surfactants ( 4,6 ) 1s the formation
of a water insoluble dyeesurfectant salt which is dissolved
in noneaqueous solvent and is estimated colorimetrically,
The method has been employed in modified and unmodified
form, to determine the guaternaries in milk,various food
stuffsysanitizing solutions and other compositions ( 6 )
as well as to the laboratory analysis of relatively pure
surfactants, Other analytical methods like poteatiometry
( 7) eand conductometry methods have also been employed
for the determination of surfactants and their auxilaries,

PFolarogrephic method as already mentionedyhas been
used to measure the extent to which surfactants suppress
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the maximum on the current voltage curve (8«10 ) ,The
technique wasghowever,put to indirect use for determining
the scap coneentration by preeipitating it with a
standerd cadmium solution and measuring the effect on the
caduium wave ( 11 ), Gorden and Urner (12 ) hed recently
described a polarographlic method for the otherwise
difficult determination of sulphite and sulphate in
peteroleum sulphonates,

A new approach,based on polarography for determine
ing the concentration of surfactant solutlons,can be by
making use of the surfactant dye interaction., The existing
literature showed that this method has not been fully
exploited. Investigation in this direction would not
only provide a quick and sensitive method for determining
the concentration of the surfactants but may throv some
light on the surfactantedye binding,

The investigations deseribed in this chapter deal
with the determination of cationie surfactant,vis,,
cetyl trimethyl ammonium bromide ( CTMAB ) yeetyl pyridine
ium bromide ( CPB) using congo red and alizarin Red 8
and that of anlonie surfactants,viz, ydodecane sulphonie
acid (D ) and dioctyl sodium sulpho suecinate with
methylene blue,

This method is based on the observation that
marked decrease in the diffusion current of the reducible
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dye takes place in presence of lonic surface active
agents,ovinz to the formation of watereinsolubls
compound, The decreased wave helight was found to de a
linear function of the surfactant concentration. The
concentration of an unknown sample ean then be determined
from appropriate calibration curves,
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EXEERIMENTAL
LEAGENTS.

Dodecane sulphonic acid ( D8 ) was prepared in
the laboratory ( vide Chapter III ), Dioctyl sodium
sulpho suceinate ( Manoxl 0T ), cetyl trimethyl asmmonium
bromide ( CIMAB ) jeetyl pyridinium dbromide ( CPB ) were
all BDH products and used without further purificatlion.
Methylene blueycongo red and alisarin Red 8 were EDH
products and were purified by further recrystallizatlon.
All other reagents were Analar grade,

All sclutions were prepared in doubly distilled
wvater, Glyeine and acetate duffers of the following
compositlions were prepared,

1) Olycine = 0,0028M and KEClL = 0,026M ( pH 6,00 ).

11) 0.2M acetic acid and 0,24 sodium acetate,
pHeneasurements vere made by Beckman pH meter

Model H,

AZPARATTS,

Polarograephic measurements were carried out using
Heyrovsky polarograph model ( Lp 554 ) opersted manually
using scalamp Pye galvanometer, All the measurements were
made at 25 # 0,1°C using thermostatie water bath.
LIOCEDURR,

Working solutions were made by taking & known
amount of dye solution ( 10°®M ) and mixing with a constant



amount of the appropriaste buffer selution ( 4,0 ml, ),
varying amounts of the surfectant solution ( 107X )

and then meking the total volume to 10 ml, wvith water,
The solutions were allowed to stand over night for
complete reaction, The polarograms of the supernant
soluticns were taken after passing the purified hydrogen
for about ten minutes.
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JESULTS ARD DISCUSSION

The polarographic reduction of dyes,viz.j,congo red,
alizarin Red 8 pi-ovim the following informatlions
(1) Congo red gave a reversible polarographic wave vith a
half wave potential ( l,_/’) = « 0,50 volt in glyeine
buffer of pH 6,00, The reduvction of the dye could not be
studied at low pH values because of change in colour
(blue) in the meidic medium due to the attainment of the
Guionid structure ( Figely,Curve 1),
(11) The reduction of alizarin Red 5§ was made in various
buffers at different pHs, The wave was found to be reversie
ble ( Flgs.8«12, Curve 1 ), The half vave potentials at
different pH were as followss

Table 1.
Acetate buffer RobinsoneBriton
buffer
pH 3.,00 4,00 5,00 7.00
‘1/8 «0,28 «0,40 «0.48 =0, 50

{volts)

(141) A well defined reversible polarographic wave vas
obtained in the case of methylene blue ( !1/3 =«0,26 volt )
in the glycine buffer at pH 6,00, No anodlc step was
realized in this buffer ( Figs.l3,14,Curve 1),

The reversibility of the polarogrephic waves vas
tested by Tomme's methody 1.0y Eg/y = B, /o = 0.086/n
vhere n is the number of electrons transfered in the
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reaction. Congo ved was found to be reduced by four
electron transfer reaction while aligarin Red § and
methylene blue by two electron transler reaction,

Polarographic measurements of congo red and aligarin
Red § with CTMAB and CPByand of methylene blue with D6
and Maroxl OT were carried out., The polerograms are shown
in Flgs, 1l=14, |

1 SURF 8- o

Polaro:rams of congo red ( 2,0,and 3,0 x 107*%) in
the presence of varying councentrations of CIMAB or CPB
are depicted in Figs.,l-4, It is seen from the curves that
there is a gradusl deerease in the limiting current by
the addition of increasing concentration of surfactants
due to the removal of a portion of the dye in the form
ol the precipitate,

Similar results were obtained with alizarin Fed S
in presence of varying amounts of CIMAB and CPB at
different pHs ( 3,00,4,0045,00 and 7,00 )« The results
are depicted in Figs., 5-12,

On plotting the decrease in wave heights ( 1¢) ’-i.‘
against the surfactant congentration,a linear relationship
was obtained ( Figs.15+21 ). A slight deviation from
linearity was observed at low concentrations of the
surfactant, It appears that the flocculation zone was not
reached at low concentration of the surfactant,

The concentration of the dye used initilally wvas



found to be dependent upen the concentration range of
the surfactant which it vas desired to cover, Above the
highest concentration of the surfactants studied,the
complete precipitation of the dyeesurfactant complex
took place and no dye was found to be unreacted. When
stolchiometriec amounts or exeess of the dye was preseat,
a fine preeipitate settled out slowly, Excess of the
surfactant reduced the flosculation so thet a stable
suspension which is noaereducible at d.m,e,,vas formed,

The results on the binding of congo red and
alizarin Red 8 with CTMAB and CPB are summarized in the
following tables)



Table 2,

Calculation of binding.

Dye concentration = 2,0 x 10™*M, (19 &

0 X 3.0:10"&'.

Conesof  (x2,0x10%%ump,) ‘I ( x 10°%)
ety M Bl WD Ge e e
(ﬂo-‘n ° Cone, Conc,
0. 20 82,0 S.0 0,92 1.84 0,16 1.256
0,60 74.0 16,0 0,82 1,64 0,36 1,70
1.00 T7.0 23,0 0.7 1.,48 0,82 1,02
1.20 1.0 29,0 0,88 1.36 0.84 1,00
1.60 83,0 37,0 0.50 1.18 0.8 1.986
2,00 45,0 45,0 0,50 1,00 1,00 2,00
2,280 P,0 51,0 0,43 0,86 1l.14 1,93
2,60 31,0 59,0 .4 0,68 1,32 2,00
3,00 23,0 87,0 0.356 0,50 1.80 2,00
3,40 15,0 75,0 0,17 0,34 1,66 2,00

Fig.15 a,

Table 3,

Caleulation of binding,

Dye coneentrations 3,0 x 10 *M, (1) = 78,0 x 3.0x20"® amp,

Conc,of (x3,0x10" %amp,) 1!

( x 107*%)

i (1) =1 Free Bound

conc, conc,
0,28 76.0 3,0 0.96 2,88 0,12 2,08
0,50 71,0 7.0 0,91 273 0,27 1,85
1,00 64,0 14,0 = 0,82 2,46 0,54 1,85
1.50 58,0 20,0 0.74 2.00 0,78 1.92
2,00 81,0 27,0 (.66 1,98 1,02 1,96
2,60 42,0 36,0 0,58 1.656 1,38 1.85
3,00 37.0 41,0 0.47 l.41 1.59 1.2
S B0 28,0 49,0 0.38 1,14 1.8 1.95
4,50 18,0 88,0 0.28 0,76 2.28 2,00
5,00 10,0 68,0 0,14 0.42 2,58 1.96

Fig.15 b,



Table 4,
Caleulation of binding.
Dye concentration = 2,0 x 10™%M, (1), = 93.0 x 2,0 x10"%amp

Concsof (x2,0x10"%amp,) i ( x 10%% )
op _ )
& 1, (9.1, Free DBound 0
(x10™%0 dye dye ¢
S0NG, 0CONG.
0.“ 7'.0 1"0 Oou 1-70 0030 10”
0. 80 T4.0 10,0 0,80 1,60 0,40 2,00
1,00 70.0 23,0 0.76 1.50 0,850 2,00
1,60 56,0 37.0 0.60 1.20 0,80 2,00
2,00 45,0 48,0 0.48 0,96 1.04 1.96
2,40 40,0 53,0 0,43 0,8 1l.14 2.10
3,00 23,0 70.0 0.26 0.50 1.50 200
3,60 14,0 7,0 0.16 0,80 1,70 2,10
Ht.l‘ Re
Table 5,

Calculation of binding.

Dye concentrations 3,0 x 107*M, (1) 78,0 x 3.0 x10%amp,

Cone.of (x3,0x10% ) 4 ( x 10 )
& gl e
o la (19 %14 Free DBound
(x10"%9 ® aye aye e
cone, ¢one,
0.50 70,0 8.0 0,80 2,70 0,30 1,68
1.00 62,0 16,0 0.80 2,40 0,60 2.68
2,00 83,0 25,0 0,68 2,04 0,96 2,08
2,50 46,0 32,0 0.50 1.77 1.28 2,03
3,00 37.0 41,0 0,48 1.4 1.56 1.60
4,00 30.0 48,0 0,40 1,20 1,80 1.70
4,50 20,0 58,0 0,27 0.81 2,19 1.83
5,00 15,0 63,0 0,20 0,60 2,40 1,90
5.50 8,0 70,0 0.11 0.33 2,67 2,06

Fig.16 b,



Table G,

Caleulation of binding at pH 3,08
Dye eoneentration s 10,0 x 107%M (1) #83,0 x10™%amp,

Congeof (= 10" %ump,) i ( x 1071 )
CTMAR @) 4 sree Bound M

i (1) -1
pasiny . N TSR, ML B

5.0 47.0 G.0 0,90 Se0 1.0 0,50
10,0 41.0 12,0 0.78 7«8 2.2 0.48
15.0 88,0 15,0 C.72 T2 2.8 0. 53
200 36,0 18,0 0,66 Ge6 Sed 0.60
22.56 32,0 21,0 0,80 6.0 4.0 0,55
25.0 0.0 24,0 055 556 446 0.66
30,0 25,0 28,0 0,47 4.7 Sa3 0,87
37.6 20,0 33,0 Cedd Sed Ge6 0457
50.0 10,0 43,0 0.19 1.9 8.1 0,62

?18017 Ge
Table 7.

Caleulation of binding at pH 4,00,
Uye concentration s 18,0 x 10 *M (19 =70,0x10"® amp.

Conceof ( = 1079 e ) & ( x 10°%M) I
CTMAB i ud)“' 4  Free Bound m

d o d
- (1 dye dye conce
(x207%19 do conc, coOnCe

5.0 65.0 5.0 0,03 13,98 1.06 0,80
10,0 60,0 10.0 0, 86 12.90 2,10 0,80
20,0 50,0 20,0 0.71 10,68 4,356 0.46
25,0 46,0 24,0 0.66 0,90 5,10 0.80
376 36,0 4.0 0,50 7«50 T.50 0,50
8040 - 86,0 45,0 0436 5,40 9,60 0,82
62.8 13.0 §67.0 0.19 2,86 12,16 0,60
75.0 8,0 6Ge0 Oell 1,65 13,38 0.5

Fig.ls



Table &,
Caleulation of binding at pH 5,00,
Dye concentration = 20,0 x 10°*M (ip = 90,0x10"*® amp,

Cone,of ( x 10°* amp,) "I ( x 10" ) Eﬁﬂ'
- “! “d) o"‘d (1 Fres Bound gone
(x10™%9 do dye dye .
CONngs CONGCs

18:8 2y &8 &W 198 2 %E
15.0

20,0 76,0 0,88 16,6 3,4 0,60
28,0 68,0 22,0 0.76 16,2 4.8 0,82
38,0 60,0 30,0 0.67 134 6,6 0,5
48,0 62,0 38,0 0.58 11,8 8,4 0.54
60,0 45,0 45,0 0,52 10,4 9,6 0,62
70,0 38,0 65,0 0,46 2.0 11,0 0,63
80,0 28,0 62,0 0,31 6,2 13,8 0,87
20,0 18,0 76.0 0.17 Je4 16,6 0,54
Flgel7 be
Table 9,

Calculation of bonding at pH 7,00
Dye concentration = 10,0 x 10 M (1) = 83,0 x10"%amp,

Cone,of ( x 10°° amp,) 4 ( x 10%%M) "
CINAB 'y (19 5oL —f  oree Bound m
d o 'd (1‘) o dye dye Conec,

(x10°%9
Song, oonc,

2. 80 81,0 2,0 0,98 9,6 0«4 0,60

5,00 43,0 8,0 0,90 Pe0 1,0 0.50

7.50 46,0 7.0 0,87 8,7 1,3 0,58
10,00 42,0 11,0 0,80 8,0 2.0 0860
12.00 40.0 13'0 0.75 1.' 31‘ '0050
17,560 33,0 20,0 0,62 6.2 3e8 O.46
22, 50 20,0 24,0 0,88 B8 4.6 0. 50
285,00 25,0 28,0 0,47 4.7 8.3 0.47
3750 12,0 41,0 0,23 2.3 Te? 0,49

l’il.ll



Table 10
Caleulation of binding at pH 3,08,
Dye conecentration = 10,0 x 10™*M (194 +0x10™® amp,

Conceof ( x 1079 o) 1 { x 10 )
°PB - i Bound Mﬁ_

QOoNnec, 0CONC, o
4,0 55,0 2,0 0.96 0.6 0.4 10,0
10,0 51,0 6.0 0,90 9,0 1,0 10,0
15,0 47.0 10,0 0.4 3.4 1.6 8,8
20,0 4,0 13,0 Ce?? TeT 243 8,7
30,0 39,0 18,0 0,70 7.0 3.0 10,0
40,0 31,0 26,0 0. 54 5.4 4.6 8.7
50,0 28,0 32,0 0,44 4.4 5.6 8.9
60,0 20,0 37.0 0,35 3.6 6.8 9.2
70,0 13,0 44,0 0.23 28 7.7 2.1
Fig; 20,
Table 1l.

Calculation of blanding at pH 4,00,
Dye concentration = 10,0 x 107*M (19, =44,0x10"® amp,

Conceof ( x 10" %mp) i ( x 10™% )
et 1, (19 oo es Bewnd Bouad dye
(110.‘10 il o d (1‘) o dye aya COZICe

cone, conc,

5.0 42,0 2,0 0,08 9.6 0.5 10,0
10,0 30,0 5,0 0.8 8,9 1.l P.1
20,0 35.0 9.0 0.30 8,0 2,0 10,0
28,0 33.0 11.0 0,76 7«8 2.6 10,0
30,0 30,0 14,0 0,68 6,8 3.2 9.4
50,0 23,0 21.0 0,52 5.2 4.8 De6
60,0 17.0 270 0,40 4,0 6.0 10,0
70.0 12,0 32,0 027 2,7 7.3 D6

Flg«.20 D,



Table 12.
Caleculation of binding at pH 5,00,
Dye concentration s 10,0 x 107 %M

158

(19 o* 48,0x10™* amp,

Congeof  ( x 10"%amp,) 1

(x10™ M)

Free Bound

CPBe 1, (10 .+
- a (1do™ia (1), dye dye cone.
(x107“9 do GONG, CONC
2,0 44,0 4,0 0,92 9,2 0,8 4,0
6,0 41,0 7.0 0.8 886 1.8 4,0
15,0 38,0 10,0 0.80 &0 2,0 68
26.0 34,0 14,0 0,78 T8 2.6 10,0
40,0 26,0 22,0 0.4 65,4 4,6 8,7
60,0 20,0 28,0 0,48 4.2 5.8 3,86
60,0 16,0 32,0 0,33 3.3 6,7 2,9
76.0 10,0 38,0 0.21 2,1 7.9 9.8
Ht.ﬂl-
Table 13,

Caleculation of binding at pH 7,00
Dye concentration= 10,0 x 10™*M

(1g) o 5040210 %amp,

Conceof ( x 10°® gmp,) & (x10"* M)
s .4 4ERgongs

(x107%9 do dye dye

coONGes CONG,

8,0 46,0 4.0 0,92 0,2 0.8 10,0
18,0 41,0 9,0 0.3 82 1.8 10,0
26,0 37.0 13,0 0,74 7.4 2.6 D46
30,0 34,0 16,0 0,68 6,8 3.2 Pt
35,0 32,0 18,0 0,64 6.4 3.8 Pe7
45,0 28,0 26,0 0,60 8.0 5,0 9.0
60,0 18,0 32,0 0,36 3.6 6,4 et
70,0 14,0 38,0 0,28 2,8 7.8 8.8
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The surfactantebound dye ratio was found to be
independent of the concentration of the surfactants and
a binding ratio of 118 dyee-surfactant complex was obtained
in slmost all dyee-surfactant mixtures, The data on the
binding of congo red with CTMAB and CPB confirm the rosults
of the spectrophotometriec studies ( vide Chapter III Jo

With alisarin Red 8,the binding ratio is entirely
different from that obtained in the case of congo red,
Here instead of 112 dyeesurfactant ratio,a 1110 binding
ratio is obtained in the case of CPB while a 21l ratlo 1s
realised for CTMAB, The results further reveal that
alizarin Red § has got a greater affinity for the CIMAB
than CPB,
EFFECY OF pHe

Just like the concentration of the surfactant,
the pH of the reaction mixture does not influence the
combining ratio, This effect could not be measured in the
case of congo red since the dye attained a quionoid
structure at low pH values thereby making the reductien

non={easible,

Folarograms of methylene blue in presence of DS
and Manoxol OT in glyeine buffer of pH 6,00 were recorded



1€0

and are depicted in Figs.( 13,14 ). The following concluse
ions have been drawns |
1. From the Figs.( 13,14 ) it is seen that like ecationie
surfactant,there vas a gradual decrease in limiting curremt
of the dye by increasing concentrations of the surfactant
due to the removal of the dye from the reaction mixture
in the form of an insoluble dyee-surfactant complex,

On plotting the decrease in wave height vs.concene
tration of Manoxl 0Ty a linear behaviour was observed
( Flge22), |

The binding of the dye with Manoxl OT vas determined
and the results are summarized in the following tables

Table 14,

L4

i 1 WA LA LE J. o .
Dye concentration = 2,00 x 10"
(1, = 46,0 x 107 amp,

L

Cone.of (x20™%amp,) - (x10°%M ) Manoxl 0T
Manoxl 0T 3.‘ (1‘) .-1‘ Free Dound %F
Oud 42,0 4.0 0.81 1.82 0,18 0,22

0.8 30,0 7.0 0.88 1.70 0,30 0,8

1.0 36,0 10,0 0.78 1,66 0,44 0,35

1.40 31,0 15.0 0,67 1,34 0,66 0,21

1,80 26,0 20,0 0,87 1,14 0,88 0,21

2,00 23,0 23,0 0.50 1.00 1,00 0,20

2420 21,0 28,0 0.46 0.22 1,08 0,20

3.00 13,0 38,0 0. 28 0.56 1l.44 0,17

Fig. 28,
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It is clear from the above table that the combining
ratio is same 1in all the cases, 0,2 mole of Manoxl 0T 1s
bound with one mole of the dye,

An altogether different beheviour was observed
in the reduction of methylene blue at higher concentrations
of DS when a second wave of constant height appeared after
the normal reduction wave ( Fig.l4 ). The appearence of the
second vave may be explained on the assumption that the
dyeesurfactant complex of methylene blue and dodecane
sulphonic seid gets adsorbed on dem,e, in excess of the
latter resulting in the emergence of the second wave of
constant height,

2, The limiting current of the reactlion mixture was
found to increase to & very small extent than the original
current ( without surfactant ) by the presence of small
concentration of surfactant ( Fig.!4,Curves 2-4 ), This
may be attridbuted to the faet that the insoluble compound
is soluble in the excess of the dye and thus the limiting
ecurrent of the solution is increased,

3 'Ihc_ "l./ﬂ of the reaction mixture was found to be
shifted tovards the more positive potentials in presence
of surfactants, It is more merked in the case of dodecane
sulphonie acid than Manoxl 0T, For example,the shift 1is
from «0,2 volt to «0,04 volt in the case of DS while it is
from = 0,26 volt to «0,14 volt with Manoxl 0T, The presenco
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of surfactants made the polarogrsphie waves irreversible,
The shift in the half wave potential towards the
positive side may be explained on the basis that the
dissoclation of D6 is favourable at pH 6,00 releasing &
large number of H' ions which lover the pH of the solution
and therefore,the ‘L/! of the unreacted dye is lowered.
The little shift in l“./n by the addition of Manoxol OT
( pi 4,5 ) 1s because of small lowering in the pH of the
medium as it is an ester (dioctyl sodium sulpho suecinate)
releasing no hydrogen ions in the solution,
4, A smsll anodie step was observed in the reduction of
methylene blue in the presence of higher concentrations of
D& while it was not found with Manoxel 0%,

It is clear from the above observations that the
anodie step is obtained in the lower pH reglon, Our study
is supported by the work of Muller ( 13 ) who reported the
disappearence of the anodiec step in the phosphate buffer
at pH 6,8 while ho observed it in the acetate buffer of
lov pH value,

Although,many analytical methods are available for
the determination of ionie surfactants,the polarographie
method has the advantage over the others in the sense that
it can be used at higher concentrations above the ecritical
micelle concentrations and for smell volumes e.g.less than
1,0 ml, The polarographic measurements can be made by the
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direct addition of varying quantities of the surfactant
solution to the polarographic cell. Besides the above
asdvantages there are few difficulties in the above
methods (1) the corrections in the current due to the
dilution of the solution are to be made,(11) the settling
of the insoluble dyeesurfactant compound requires a large
time before measurements can be made,(iii) the insoluble
dyeesurfactant compound formed by the interaction of
methylene blue and anionie surfactants sticks on the

wall of the container and also on the tip of polarographic
capillary and hence this method cannot be used for
deteraining the concentration of anioniec surfactants with
the help of methylene blue,(iv) the method cannot be
successfully employed to estimate small amounts

( € 1,0 x 10°® M) of the alkyl sulphonated type surfactant
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Polarographic determination of aggregation number of
dyes and effect of additives on the aggregation,
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LATRODUCTION

Dyes,like other surfactants,are also known to
undergo aggregation in aqueous solutions ( le4 ) ,various
mechaniems,based on vander Waal's forees { 5,6 ),
intermolecular hydrogen bonding ( 7 ) , bonding by sande
witched water molecules ( 68 ) ete, have been put forward
from time to time to explain the aggregation of dye
moiecules, However,a more convenient and straight forward
approach to the problem can be made if their aggregation
is discussed in the light of water structure.

The role of water structure in the aggregation of
surface active substances ( 9«11 ) and dyes ( 12 ) has been
discussed by many authors., Thermedynamical data (13 ) has
shown that the mutual ordering of water molecules ground
the solute is enhanced with nonepolar solutes. This results
in the formation of iceberg structures.Urea,well known for
its denaturation capacity,and ability to underge hydrogen
bonding with water ( and also its small effect ( 14 ) on
the polarity of water ) brings about the destruction of
"iceberg’ structures, Physico-chemical investigations on
surfactants in presence of urea can thus be employed to
determine the water structure contribution to micelle
formation and hydrophobie bonding ( 14-16 ), A similar
approach can be made in the case of dyes provided a suitable
method,sensitive enough te register variations in the
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properties of dye es a result of the breaking of the
vater molecules,is found,

The polarographie methed very recently proposed
by Hilson and Mekay ( 17 ) for studying the aggregation
of dyes vas extented to determine the effect of urea,
formamide and methyl alecohol on the aggregetion

concentration,



EXPERIMEINTAL
BEAGETIO.

4All the chemlcals,except the dyes,vere of Analaer
grade, Congo red ( Csslasiginslss6Ha0 ) and crystal violet
{ CagligeClNpe2Hs0 ) were the BDH products and purified by
reerystallization, The solutions were prepared in double
distilled water ( all glass ).

Urea (A.7,) and formamide (Rledel ) were used while
methyl aleohol was the BDH product which was further
purified by redistillation, Urea and formamide were used
in moles/l., vhile methyl alcohol by precentage.

Glyeine and citrate buffer used in the reduction of
dyes were of the following compositions:

zZlyeine buffers Potassium chloride 0,025Mj glyecine
O-Wﬂﬂl,pﬂ 6,00,

citrate buffers Potassium chloride 0,01Mj trisodium
citrate 0,0056M§ citric acld 0,008M,
pH 4,40,
AEEARATUS,

The polarographic measurements were carried out
using Heyroveky polarograph ( No,Lp 56A ) operated manually
in conjuction with a scalamp Pye gelvanometer., A normal
polareographie capillary ( Gallenkamp ) having the drop time
4,30 sec, was used and the mercury reserviour was kept at
a constant height ( 60 em ) throughout the measurements,
Saturated calomel electrode was used as a reference

electrode., All the measurements were maede at a constant
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temperature 25 + 0,1°C using a thermostatic water bath,

Working solutions were prepared by mixing different
amounts of the concentrated solution of the dye in water
with a fixed amount of the appropriate bdbuffer ( 4,0 ml,)
and thengmaking up the total velume ( 10,0 ml, ) by more
wvater, The solutions were allowed to keep overaight
after adding the substanee the effect of vhich was to be
studied, Polarograms vere taken by passing purified
aitrogen through the solution for sbout 10 minutes, One
set of observations [or each dye was taken without the
presence of the additive, The additivesjurea ( 1LM,3M,6X )}
formemide ( 0,6M,1,2M,2,4M ) , and mothyl aleohol ( 10%,
20f v/v ) were used at three different concentrations,

The under lying principle of this method 1is
described as follows:

For a noneaggregating speclesysuch as cadmlum ions,
the diffusion current 1,y 1s proportional to the molarity
of the species in solution o,i.¢.4 the plot of logie 14
against logie ¢ 18 linear and of unit gradient, Aggregeting
species such as dye ions,would deviate from this ideal
behaviour,

In sctual experiments the difference in the
logarithms of the diffusion currents of equimolar solutions
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of dye ions and cadmium ions <A logte 1,44 1s plotted as &
function of logie¢e These plots are linear and horizontal
for a noneaggregating species while aggregation causes the
upvard deviation from this line, Slace the limiting current
is proportional to the square-root of the diffusion
coefficlent Dy ( 1, 91./3, s the plot of = & logwe 14
agalnst logie ¢ is also,the plot of <4 logie D ( the
difference between the logerithms of the diffuslen
coefficlents of cadmium lons and the dye lons ) against
loge Ce

Furthermore,D is related to the molecular weight
since the plots of logie D against logie ( molecular welight
also gives a linear relatlonship (vide ref.17 ., Thus
the values of <4 logie 1, can be converted both in terms
of =4 logie D and logie ( molecular welght ).

The above method may be exemplified by considering
the polarograms of congo red,

The dye was reduced at the d.m.e, by four electron
transfer reaction in glyecine buffer at pH 6,00 (Fig.3d ).
To make the use of calibration curve of Cd'' (which is
reduced by two electron transfer reaction ) ythe limiting
current of ca’® ions obtained from thelr polarograms
(Fizel ) was multiplied by two, The logarithms of twice the
diffusion current of Cd*’ lons and that of the dye was ther
plotted against logie (molarity ).The two curves are shown



in F1g.20, A linear curve is obtained with Ca** tons
while that of the dye shows a deviation from linearity
after a certain concentration of the dys ( 1.0 x 107*M ),

The difference of logarithms of diffusion currents
of cd** tons and dye as found from the above curves
(Teble 2 ) was further plotted against dye congentration,
logie ¢ (Fig. 23 ). From the plot a horizontal line
( parallel to the concentration axis ) was obtained up to
the concentration 1,0 x 10™% M, Beyond this concentration,
an upeward deviation from the horisental line was observed.
It vas thus concluded that the dye remained in the
molecular state upto the concentration 1,0 x 10™*M and
thereafter got aggregated rapidly,

The aggregation number can be found if the
molecular weight of the dye can be related to the 1‘ or
D. Since a linear relationship is found to exist between
D and molecular weight, the aggregation number (M) ecan
be found by reading the molecular weight on the second
scale of the fig,23, on which the plot of <A loge D
against logie @ sre shown, Fig. 23 deplets the plots
of =4 log 1, ( or =4 loge D) sgainst logse ¢ along
with the secales of aggregation number and logie (molecular
weight ) on the right hand side, Assuming that the
horizontal portion cuts the logie ( molecular wt.) axis
at unit aggregation number,the dye concentration correse



ponding to different aggregation number can be found
from the part of the curve showing upward deviation,
In the caleculation of aggzregation number,it was further
assumed that the diffusing species was the dye ion while
aggregates contain both dye lons and counter lons,

The data for ecrystal violet vere simllarly
calculated, The results are summarized in the following
tables,



Conc.of 1log e For the calibration of Cone.of loge For the calibration of
CdCla congo red CdCls ‘:
(x107% ) (x107*0)
Lg 2xi, logd, 1, log 1,
RA BA na
2,00 =3,6000 0.80 1.8 0.2041 2,00  -3,6090 1,30 0.1138
5.00 =3.3110 2,10 4.2 0.,6232 3.4 ~3.4763 2.00 0.3010
10,00 «3,0000 4.76 9.8 0.9777 6.67  =3.1769 3.90 0.5910
15,00 -2, 8230 7.26 14.5 l.1614 13.34  -2,8860 7.00 0, 8451
20,00 -2,0990 10,00 20,0 1,3010 20,00  =-2,6080 10,50 1.0212
25,00 -2,6021 13.00 26,0 1.4150 33.34 =244763 16,40 1.2184
30,00 -2, 5220 16,60 31.0 1.4913 46.67 -2,3307 22,60 1l.3541
~2,3080 Z1.50 43.0 1.6336 =~ - = e

1

6Ll



Table 2,




Dye Cone. log ¢ Urea ( 1,0 M) Urea ( 3.0 H) Urea ( 6.0 M)
(x10°%* ) 1, log 1, <-alog i, 1, log i, -alog 1, 14 log 1, =alog i,
mA 7y Ah BA &A MR pa P LA
0.2 “4,6000 0,18 «0,7447 0,08 0.18 =0,7447 0,08 - - -
0.4 44,3080 0,36 =0, 0.08 0.34 ~0,4685 0,09 0,30 =0.5229 0,10
0.6 -4,2219 0,54 -0,2776 0,06 0.50 ~0,3010 0,09 0.40 =0,39079 0.12
0.8 -4, 0060 e o - 0.62 «0,2076 0,10 0.54 =0.,2676 0.1l
1.0 -4,0000 0,76 <0.1192 ©.l1 0,70 ~0.1549 0,10 0,64 =0,1839 0,12
2.0 «3,6000 1.52 +0,1818 0,00 - - = 1.25 +0,1004 0,09
4.0 «3,3080 2,90 0.,4624 0,09 2.12 0.3284 0,11 2,30 00,3617 0.09
6.0 «3,2219 3,70 0O.568 0.15 3,65 0.5623 0.12 3,35 0.5250 0.10
8,0 «3,0069 4.25 00,6284 0.20 4,20 0.6232 0,17 4,20 00,6232 0,10
10.0 «3,0000 3,60 00,5863 0,37 4,90 0.6002 0,24 4,70 0,6721 0.15
40,0 -2,39080 4,00 0,6020 0,80 5,60 0.7482 0.74 .30 10,7243 0,61
80,0 -2,0080 2,90 0.,4624 1.31 3490 0.5910 1.18 4,80 0.,6312 0,82
Fig. 7 20 b, 23 be. 5 20 ¢. 23 e. 6 20 4. 23 d.
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. log ¢ Formamlide Formanide Formamide
(10" 2 " { 0,6 M), (l.2¥). (2,4M).
Fi log 14 -&10:“1‘ 14 .‘l.ogbid -u.ogwi.d 1, logwid -Alo;hi‘
BA BA
0.2 «4,6090 0,18 <0.7447 0.08 0,20 «0.6090 0,09 = E -
Cod -4, 3080 - - - 0,40 «0,3980 0,00 0,30 «0.5220 0,10
0.6 «4,8218 0,50 =0,3010 0.09 0.56 <0,2518 0.10 - = -
0.8 44,0968 0,64 =0,1938 0.09 o= - - D.564 <0,2676 0,10
1.0 «4,0000 0.7 <0.1192 0.11 0.88 «0.0666 0.11 0,78 =0,1675 0.10
2,0 »3,8900 1.50 40,1761 0.09 1.66 +0,2176 0.10 1l.44 40,1583 0.11
4,0 «3,3080 2,70 0,4316 0.12 3.35 0.5280 0,10 = © =
6.0 «3.,2219 3.70 0O.5682 0. 14 4,50 0.6532 0,14 4,20 0,6232 0,09
8,0 «3,0060 4.20 0.,6232 0.21 5.50 0,7404 0,16 5,30 00,7243 0.10
10.0 «320000 - E = = - - 6.80 0.3325 0.08
20.9 -2,6800 4,60 0,66238 0,54 6.560 00,8120 0,496 - = -
30.0 -3¢ 5228 = - - - B = 7.00 0.,8451 0,581
40.0 «2,3080 4.70 0.67T2A 0.8 8,90 0O, 7708 0,78 - = =
00-0 -ﬁ-m - -~ - - - - 7.10 O-Bﬂ-‘l ﬁ.?l
60.90 =2,2219 4.20 0,6230 1l.03 £.,20 0.,7160 0,99 72.00 0.,8451 0.7
Fig. 7 21 n. 24 2. 8 21 be 24 b, ] a4 e. 24 e,
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Table 6.

1.00 -4, 0000 0.48
2,00 «3,6990 0. 36 -0, 0658 0.18
3.00 =3.5289 1.25 +0,0655 0.18
4,00 -3,3930 1.60 0,2041 0.19
6.00 -3,2219 2435 0.3710 0.19
8,00 =3,0969 3,00 0.4771 0.18
16.00 -2,7959 3.20 0. 5051 0.43
Fig. 12 27 a. 30

LT



Table 7.

Dye conc.  log e Urea ( 1.0 ¥) Urea ( 3.0 ¥) Urea ( 6.0 ¥)
(x107%8) 14 log 1; =Aleg 1, 1, log 1, =alog 1, 1, log 1, =alog 1,
mA pA pA

0,40 «4,3980 0,22 -0,6576 0.10 0.18  ~0,7447 0.00 0.16 =0.7959 0,09
0460 ~4,2219 0,30 <0,5230 0,11 - = - - - -
0.80 ~4,0969 0,42 <0,3768 0,09 0u32  «0,4949 0,10  0.26 =0.5950 0,10
1.00 -4,0000 0.48 -0.3188 0.11 0,38  =0,4202 0,11 0,34 -0.4685 0.1l
1.40 -3,8639 0.66 <-0,1305 0.14 - - = - - -
1,60 3,796 - - B 060  =0,2219 0,10 0,52 =0,2540 0.1l
1.80 -3, 7747 0,74 =0.1308 O.14 A - - - -
2400 ~3,6980 - - - 0,78  =0,1070 0.10 0.64 ~0,1933 0,11
2,40 ~3.6198 0,98 =0,0083 0.17 = - - - - -
3.00 3,5220 - - - 1,02  #0.0040 0,13 0.8 -0.0516 0.13
4.00 -3,3980 1.04 +0.,0170 0.32 1.26  0,1044 0.15 1,08 +0.0334 0.16
6.00 -3,2219 - - - 1l.15  0.0607 0.34 1.00 0.,0000 0,35
Fig. 13 276 & 1 27 ea 32 15 274, 33



Formamide ( 1.2¥ )

Dye cone. lughc
(x107% ) 1, log 1, -4 log 1, 1, log 1, =4 log 1,
nh [
Ue40 4,308 0.20 «0,6576 010 0.32 -0,4949 0,06
D.ﬁ ‘i-ﬁi 0.30 ‘&m tl.ll L - -
080 <4,0060 0,38 «0.,4222 0.12 Ceil «0,4600 0.10
1.00 <4,0000 0,42 «0,3768 0.17 Oe.42 -0,3768 G.10
1,80 «3.7950 0,62 0,207 0.18 0. 76 =0,1192 0.09
2,00 «3,6000 0,30 «0,0862 017 0. 82 -0, 0862 C.09
3.00 »3.,5220 1l.12 +0,0492 0.18 1.04 +0,0170 0.14
4,00 =3,3980 l.44 0.,1584 0.18 1.30 0.,1139 C.16
6.00 =3.2219 2,10 0.3222 0.18 1.50 0,1760 0.26
Fige 16 28 a. 34 17 28 b. 38
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RESULTS AND DISCUSSION

Assuming that the horigzontal line in the plot of
<A logie 14 Vs.logte © corresponds to the aggregation
number equal to one and any deviation f{rom it points
towards the aggregation of the dye molecule ( loc.cit.)
the following information regarding the molecular state
of the dye at different concentrations and in presence of
various additives can be obtaineds
L£OHGO REDs

It is seen from the fig.23,curve &, that congo red
remains in an unaggregated form belovw 1,0 x 107*M, Beyond
this concentration,there is an steep rise in the =4 logte 1,
vs. logie © curve, thereby showing that the aggregation '
number varies widely within a narrow concentration renge.
The results given in table 1 reveal that a five fold
inecrease in concentration brings about a tremendous increase
in the aggregation number ( 7 to 1437 ).
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Dye 00 s RSB W -rw"l‘!“’m—
(MW) & - *

2,0 2 ) § i 1 1 1l 8
4.0 7 1 1 1 L 1 1
6.0 13 2 1 1 2 ) § ) §
8,0 az 3 2 1 3 2 1
10,0 40, 20 5 2 4 3 1l
20,0 1437 361 51 14 14 114 10
40,0 (: :ﬂ; 8080 1487 S22 a216 2277 287
to precis
pitate)

From the above table it is also evident that
the aggregation numbers are very much effected in
presence of the additives, the effect being most marked
vith urea and formamide, For example, the aggregation

number is reduced from 40 to 20 in presence of 1M urea
and the dye appears to exist as a dimer in 6M urea.
S8imilarly the aggregation number of 1437 is reduced to
10 in 2,4M formamide,

Methyl slcohol also influences the aggregation
number but its effect could only be realised at higher
dye consentration ( 20,0 x 10™*M ) where a marked change
from 1437 to 443 was observed with 107 alechol.
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SRYSTAL VIOLEL.

From the plots of =4 logie 14 V8. 1logte ©
( Fig.30 ) yit is seen that the dye remains in an
unaggregated form at very lov concentrationsyd.0 x10%M
(as against 1,0 x 10"*M for congo red) . Moreover the
deviation from the horizoatal line is very little and
the aggregzation number ( vide Teble 2 ) does not go
beyond 6 even with three fold increase in dye concentrae
tion., Unlike congo red the aggregation number does not
go on increasing with concentration but assumes & constant

value alter an optimum dye concentration.

All the additives bring about a decrease in the
aggregation number so much so that in presence of 3N
urea 1.2M formamide,the dye exists as a dimer,

Table &,

1 1 1 1 1 b § 1 1
0.6 2 1 1 1 1 1l i |
0.8 W 1 1 | 1 1 1 1
1.0 5 1 1 1l 5 1 1 1
2.0 L 4 1 b § ] 1 i i
3.0 6 -] 2 e 5 2 3 1
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The addition of methyl alcchol to the dye also
brings about a reduction in the aggregation number, But
here again this effect is realised at higher concentration

The effect of additives on the dye aggregation
is more clearly observed by computing the data on aggreg-
ation point and dye concentration for an aggregate of
a fixed number ( 1000 molecules in the case of conge red
and § molecules in the case of crystal violet ) of dye
molecules,

Table 3.

-

AMditive Additive Aggregation point Conc.of an aggre=-

CONG, ( x m‘.u) gate =
(x 10" Nn)

Urea 0.0 1,0 20,0

1.0 M 4.0 22,7

3,0 M 68,0 6.4

6.0 M 3.0 80,0
Formamide 0,6 M 2,0 31.7

1.2 X 4,0 36,4

2.4 M 10,0 50.0

From the sbove table it will be observed that
both the aggregation point and dye conceatration for
aggregate is increased with the additlion of increasing
amount of the additive, Similar behaviour is observed
with erystal violet as can be seen from the data in



the following table.

Table 4,

Additive Additive uﬁ:utlon Cone.of aggregate
po

song. ( x 10°*)
{ x10°% )

Urea 0,0 Oud 1.0

1,0 ¥ 1,0 2.4

3,0 M 2,0 5,0

8.0 M 2,8 8,0
Fornmamide 0,6 M 0.6 1.0

1.2 M 2,0 4.0
Methyl  10% 2,0 4,0
.1‘3& 204 , 4,0 6.0

The inerease in the aggregation point ( and so
also the concentration ot.- the dye required to aggregate
fixed number of molecules) can be explalned on the
basis of the breaking of the water structure by the
addition of ureaj,formamide and methyl alechol, Their
addition not only brings about the weakening of
hydrophobie¢ tonding between the molecules of the dye
aggregate but results in enhanced peptization, At
higher concentrations wvhere the dye would normally
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get pmlptnm,lu dispersion in noneaggregated
form takes place by the addition of substances vhich
are well known for shifting the niis0 @« ( Hg0 )
equilibrius towards the left hand side,

The different additives influence the aggregation
point to different extent, This may be attributed to
factors like polymerisation,dielectric constant,viscosity,
interfacial tension ete, of the solutions of the
additives, For example,asmides vhich got polymerised at
a lower concentration than urea can not be used in
larger qmuuu to suppress aggregation,

Similarly in vateremethanol system,fev methanol
molecules may penetrate into the aggregate due to the
partition eguilibrium bringing about disaggregation,
Addition of large amountsshowever,effects the solvent
property and precipitation of the dye takes place wvith
the result that aggregation point can not be shifted to
high dye concentration,

The effect of urea seems to be quite general in
preventing the aggregation of dye molecules of very
different chemical constitutions, Mukerjee et.al. ( 12)
observed that the solubility of orange 0T, highly
insoluble noneionie azo dye is increased by a factor of
roughly 10 in 10M urea, Alexander and Stacey (18)
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investigated several highly aggregating acidiec and
basic dyes and found that urea causes generally
extensive disaggregation, Further Mukerjee et.al.
pointed out that in the presence of urea,the transfer
of methylene blue into a solid form or into & none
squeous enviornment,or the assoclation of methylene
blue to form aggregatessare all less favourable
because of less gain in entropy. They observed a marked
lowering in the aggregation of pinacyanol chloride

in presence of urea,
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RES UME

The utility of surface active agents in industry,
technology,biology,medicineagriculture ete, is being
increasingly recognised, This recognition came through
the painstaking researches on certain fundamental
propertics of surface asctive agents like,moderate maximum
concentration of molecularly dispersed speciesy,micelle
formationysurface and interfaclsl depressionysolubilisation
ete,. Most of the work on the above menticned properties
has been done with ionie surfactants and enough scope
exists to carry out fundamental studies on non-ionie
surfactants, Another aspect of the chemistry of surfactants
vhich has not been satisfactorily investigated is the
interaction between themselves or with other substances
like dyes,proteins,clays,heavy metals,silicates,high
polymers ote.. Investigations on these lines may form the
basis of useful study both from the fundamental and
applied viewpoiat, The work described in the thesis
incorporates the following of the above mentioned aspects:
( 1 ) the behaviour of noae-ionic surfactants as polaroe
grephic maxime suppressors and thelr relative superiority
to lonle surfactants, (i1 ) c.m.c.determination of none
ionic surfactants by polarography and spectrophotometry
( lodine solubilization and spectral dye methods ) and
vith the help of electrocapillary curves-s method which
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has not so far been used for o.,m,c.,determination and

offer a nev approach for extensive studies,( 1ii)
quantitative studies on the binding of dyes with ionie
surfactents carried out spectrophotometrically, ( iv)
polarozraphiec estimation of lonie surfactants by determine
ing the decrease in waveeheight of dyes, ( v ) polaro-
graphie determination of aggregation number of dyes and the
effect of additives,known for breaking the wvater structure,
on the aggregation of dyes.
POLAROGRAPHIC MAXTMUM SUPPRESSION,

A comparative study on the efficacy of noneionie
and uuoﬁic surfactants in suppressing the polarographiec
maxima which sre difficult to suppress in such cases as
po** m* co*te m** mixture in pyridine, Co'',calseKI
complex ,Cusbiuret ,Cueglycine complexes and US* in XC10s
and phosphorie acid was studied, The following coneclusions
vere arrived ats
( 1) The non-ionie and cationie surfactants suppress
both the positive and negative maxima with equal case,

( 11 ) The behaviour of noneionie surfactants as

meximum suppressors is not different from that of cationie
surfactants, although in a few cases ( e,g., maxima

of M**, co*™ and Pb** ) lesser quantity of none

ionics is required, Both type of surfactants are
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definitely superior te the anionie surfactants like alkyl
aryl sulphonates,in the sense that much lesser quantities
of these surfactants are required in suppressing the
maxima which sre not easily suppressed ( pp,3840 ),
( 111 ) Noneionie surfactants have an extra advantage
over the catlonie ones in not undergoing chemlcal
iateraction with the depolarigzer, Thus the cationile
surfactants,cetyl trimethyl ammonium bromide ( M)
and cetyl pyridinium bromide ( CPB ) cannot be used for
suppressing the maxima of Cdlg~KI complex due to preeipi-
tation, The maximum suppression point ( M,8.F.) values of
Nonidet P40,Nonex 501 are much lower (order 10™° gme/1,)
than lauric acid diethanclamine condensate ( LDC) and
Nonidet P42 ( order 10™* zms/l,) and follow the following
orders

Nonex 501 > Nonidet P40 >> Nonldet P42 > LIDC
( iv ) The amount of the noneionie and cationic surfactant
required to suppress the maximum is dependent on the
‘L/ﬂ of the depolariser. Those with ‘.I/! in the vicinity
of electrocapillary zero ( e,¢.3.) need very small
amount of the surfactants, These surfactants have another
advantage over the anionic surfactants in not being
effected by the pH of the solution ( pp.4l,42 ),
( v) The pronounced meximum of v**1in 0,08M KC10s and
3M phosphoric acid is suppressed with a very small amount



162

of non-ionie and cationie surfactants without bringing
sbout either any distortion or irreversibility in the
polarographic wave or any shift in lm and 1‘(p.ﬂ .

L STAnCAPTLLARY CUTEE T ReT

It 1s observed that the gradusl addition of these
surfactants bring about a shift in th‘ @eCeZerosulting
in the distortion of the symmetry of the electrocapillary
curves, The shape of these curves also provide evidence
of desorption in the region where the curves merge with
the normal one ( pp.43,44 ).

With eationie surfactants like CIMABythe shift
in e.c.2:tovards the positive potential is smaller than
that observed in the case of noneloniec surfactants, From
this it may be concluded that the noneionic surfactants
get more strongly adseorbed at the mercury surface than
the cationie surfactants,

iAn altogether different behaviouryhowever,is
observed in the case of LDC where the top of slectroe
capillary curve starts gradually flattening without
bringing sbout a shift in e,ce2. ( peds ).

The experimentsal evidence regarding the need of
smaller amount of noneionie surfactant in comparision to
cationic ones can be explained in terms of greater
adsorbability of noneionie surfactants and their effect
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in bringing about large positive shift 1n 8.Cs8ee

The polarographic and electrocapillary curves data
described above were used to determine the C.m.c.values
of noneionic surfactants, The plots between i . ..., /
1diftusinn and logarithms of surfactant concentration
give two polarographie charactersties of the surfactants,
viz, ypolarographic micelle polat ( P.M.F, ) yand maximum
suppression point ( M,8,P, )+ The former is obtained
from the point where the first discontinuity appears in
the ecurve while the latter is determined by extrapolating
the curve to 1-.:1-ullidifrunien =1 ( ppa75-77 )+

It is found that the P.M,P, values differ very litt.
from each other irrespective of the catlons used or the
supporting electrolyte added, These values range within
narrov limits, For example,the range of the P.M.P.values
lies between 0,8 and 3,0 x 10°® gms/1l.§ 1,60 and
3,80 x 10™® gms/l,, and 7,84 and 16,40 x 10™* gms/1. for
fHonex 50l,Nonidet P40 and Nonidet P42 respectively,
Similar behaviour is observed with LDC,inspite of the
fact that LDC is not so effective a maximum suppressor.
The pH of the solution also does not markedly influence
the P.M,P,values,

The P.M,P,and M,8,P, values can both be correlated
to the c.m.ce of the surfactants,although it is usual to



correlate it with the former, Any how the P.M,F.values are
much lower than the c.m.c, vaiues obtained by other
methods likeglodine solubilization, spectral dye, and
surface tension methods,which,ineidently compare
favourably with each other ( p.30 ).

The ¢.m,c.0f the surfactants can be found by the
electrocapillary curves method, The plots of drop time
ve,log congentration,show an initlal slow change followed
by a sharp decrease in drop time until a coneentration
of 10™® gms/1., is reached,when the curves show the signs
of flattening out, Since flattening sets in at the same
concentration range irrespective of the potential applied,
this coneentration can be taken as the point of inelplent
micelle formation ( p«8C ).

Unlike the polarographic method,the c.m.¢.values
determined by this method compare favourably with those
obtained by iodine solubilizatlion,spectral dye and
surface tension methods, The small discrepency may be
attributed to the presence of electrolyte,XKCl. The
importance of electrocapillery curves method can be all
the more emphasised when dealling with nonelonie surfactants
wvhich have lovw c.m.ce Vvalues,

The quantitative studies on the interaction of
anionie surfactants with basic dyes (malachite green,



rhodamine 6G and rosaniline hydrochloride ) and that
of cationie surfactants with acid dye ( congo red)
vwere studied spectrophotometrically at different pis,
The spectral shift in the dye ( both acediec and basie )
maximum as woll as an increase in absorbence on the
addition of either anionic or cationie surfactants can
be explained on the basis of the formation of the
surfactant-dye ecomplex after giving due allowance to
intermolecular and interamolecular changes accompanying
pH variations of the medium, The extent of binding

was calculsted by Klotz's method ( vide J,Amer.Chem,
Bocs §8 12209 ( 1946 )).

From the results on the binding of malachite
green end rhodamine 6 with snioniec surfactants,it may
be seen that small amount of dloectyl sodium sulpho
succinate ( Manoxl OT ) is needed for the complete
binding of the dye ( p.l126 ) whereas relatively larger
amount of DS is required under the similar conditions
( pel28 ). With rosaniline hydrochloride the behaviour
is altogether different.Small amount-of either of the
surfactant is sufficient for the complete incorporatlon
of the dye into the surfactant micelle,

The surfactant-dye interaction can be used to
dotermine the amount of surfactant bound per molecule
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of dye from the plots between absorbence and surfactant
concentration assuning that all the dye got bound with
the surfactant at the inflexion point ( pel27 ). Since
these levelling off points are at concentrations higher
than the o,m.0s ( Pps140,y141 ) yit can be concluded that
the surfactant interact with the dye only in the foram
of micelle, Assuming that li:l interaction between
surfactant and rhodemine 6CG and malachite green takes
placeyit may be inferred thst the surfactant micelle
interacting with the dye is made up of 100 surfactant
anions, In the case of rosaniline hydrochloride, 113
dye-surfactant complex is formed resulting a possession
of three surfactant micelles per dye ion, having about
668 surfactant molecules in each micelle ( pp.128,129 ),
In the case of cationie surfactants and acid dye,
4 large shift in dye maximum was observed at pH 2,0
( from 560 to 460 mg ) by the addition of small amount
of CIMAB or CPB, At pH 7,0 and 9,12, an insoluble dyee-
surfactant complex was found to be formed which got
solubilized in excess of the surfactant ( pp.l3l,ls2 ),
At pH 2,0, the extent of binding was calculated
using Kitoz's formula, Absorption studies on eationie
surfactants at this pH go to show that three molecules
of CIMAB and four molecules of CFE are required to
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solublize the in soluble dyeesurfactant complex f{ormed
at pH 7,0 and 9,12 ( p.138).,

Polarographie reduction of dyes,vie, ycongo red
and alizarin Red 5 with CTMAB and CPB and that of
methylene blue in presence of DS and Manoxl 0T provided
the following informations

( 1) Congo red is reduced by four electron transfer
reaction while alizarin Red 8 and methylene blue by two
electron transfer reaction.

( 11 ) A gradual decrease in the limiting current is
observed by the addition of increasing conceatration of
the surfactants in the form of the precipitate of an
insoluble dyee-surfactant complex,

( 111 ) A linear behaviour is observed from the plots
between decrease in wave height and surfactant concentra~
tion,

( iv ) When stoichiometriec amounts or excess of the dye
is present,a fine precipitate settles out slovly. Excess
of the surfactant reduced the flocculation resulting

in the formation of a stable suspension non-reducible at
the demse,,

( v) The binding ratio of congo red and alizarin Red 8
with CTMAB and CPB and that of methylene blue with
Manoxl OT can also be computed from the polarographie



168

data, In all the cases,the surfactantebound dye ratio
is found to be independent of the surfactant ( pp.l63e
160 ) . The binding ratios are 112 for congo red

CTMAB or CPB§ 1110 for aliszarin Red S<CPBj 21l for
alizarin Red 5-CTMAB mixtures, From these ratios it can
be concluded that sliszarin Red & has a greater affinity
for CIMAB than CPB,

Some interesting results wvere obtained by the
interaction of methylene blue with DS, In this case a
gsecond wvave of constant height appears after the normal
reduction wave in the mixtures contalning excess of DS,
The existence of the second wave of constant can be
explained on the assumption that the dye=surfactant
complex formed,gets adsorbed on the d.m,e,in excess of
the lurraet§nt. Moreover a shift in half wave potential
tovards the more positiyve side is observed. In cases
vhere much higher concentration of the surfactant is
used and anodie step is also realised (pp.161,169,

The computation of polarographle data in this
case reveal that 0,2 mole of Manoxl OT is bound with
one mole of the dye ( p.161 ),

The aggregation number of two dyes,vis,, congo
red and erystal violet with and without presence of
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edditives known for breaking the water structure vas
studied by polarographie method,

From the plot of the difference of logarithms of
diffusion currents of Cd'' ions and dye (=4 logie 1y vs.
logarithms of dye concentration ( loge ¢ ), the
aggregation point and the aggregation number were
calculated, It is observed that congo red remains in an
unaggregated form belov 1,0 x 10”*M beyond this concentrae
tion, there is an steeprise in the «A logie 1, vs.logiee
curve,thereby showing that the aggregation sets in very
rapidly, Five fold increase in concentration brings about
a tremendous increase in the aggregation number ( 7 to
1437 ) y although in the lat er tendency for precipitation
exists ( p.l82),

The gddition of increasing amounts of urea and
formamide lowers the aggregation number greatly. For
example,the lowering in aggregation number from 40 to
20 takes place with 1M urea while the dye exists as a
dimer in 6M urea at concentration 10,0 x 107*M, Similarly
the aggregation number of 1437 1s reduced to 144 in 0,6M
formamide and 10 in 2.,4M formamide at dye congentration
20,0 x 107 ( p,182),

It is seen from the «A logs "d vs. logie ¢ curve,
that crystsl violet remains in the unagzregated form
below 4,0 x 10%M, At higher concentration,upward
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deviation 1z observed but unlike congo red is limited

to a small concentration range. Thus with tenfold increase
in dye concentration,aggregation number attaing the
meximum value of six, As before the additives lower the
aggregation number of the dye ( p.183 ),

The effect of methyl alecohol also influences the
aggregation number of congo red and erystal violet but
this effect is realised only at the higher dye concentra-
tion, Likewise the aggregation point and the concentration
of the dye required to form an aggregate of a fixed
aggregation number ( 1000 dye molecules in case of congo
red and 6 molecules in the case of crystal violet ) is
shifted towvards the higher concentration range by the
presence of urea, formamide and methyl alcohol ( pp.l64,
188 ).

The results has been explained on the basis of the
breaking of the water structure by the addition of urea,
formamide and methyl alcohol resulting in the loosening
of the hydrephobie bonds in the dye aggregates.
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Lauric Acid—Diethanolamine Condensate as a Polarographic

Maximum Suppressor

Sir: A number of communications
(4-7) have discussed the importance and
utility of soaps (sulfonated phenyl,
xylyl, and tolyl steari¢ acids, dodecyl
and dodecyl benzene sulfonates, do-
decyl pyridinium bromide, and iso-
thiourea dodecyl ether hydrobromide)
in suppressing the polarographic
maxima of simple and complex metal
ions which are not ordinarily sup-
pressed by the usual maximum sup-
pressors. In addition to the anionic
and cationic soaps, nonionic soaps may
also be used for this purpose. However,
very few references describe this ap-
proach and those available refer to
commercial products. Therefore, in-
vestigations on the use of these com-
pounds in polarographic work was
considered worth undertaking. This

communication describes the results
from the use of a simple nonionic soap,
lauric acid—diethanolamine condensate
(LDCQ), in suppressing the polarographic
maxima of Pb*2, Ni+2 Co+% Nit2-Co+?
mixture, iodide cadmium complex, cop-
per biuret, copper succinimide, and
copper glycine complexes. Data on the
influence of LDC on the electrocapillary
curves of the dropping mercury
electrode (d.m.e.) in suitable supporting
electrolytes have been included to
demonstrate the superiority of nonionic
soaps in polargraphy.

EXPERIMENTAL

Reagents. LDC (8) was prepared
by condensing pure lauric acid (BDH)
with diethanolamine. Biuret (2) and

Table |. Relative Effectiveness of lonic and Nonionic Soaps
as Maximum Suppressors
Tons or LDC SPSA STSA SXSA DPB IDEH

complexes 10-5M 102 M 103M 103M 1073M 10-3M
Pb+2in KNO, 2.0 23.5 23.8 121 6.17 7 .38
Nit2 in KCI 7.0 43.9 56.01 56.01 7.38 7.38
Co*?in KCI 9.0 24.0 107.8 56.01 23.8 7.38
Co*2=Ni*2in

pyridine 200.0 555.0 23.8 32.71 4.95 T

CdI:-KI complex 10.0 238.0 23.8 23.8 14.55 8.599
Cu-biuret 6.0 83.3 60.5 4.9 4.95 3488
Cu—glycine 9.0 16.9 60.05 6.05 6.172 7.38
Cu-succinimide 12.5 fan s i -
LDC = Lauric acid—diethanolamine condensate
SPSA = Sulfonated phenyl stearic acid
STSA = Sulfonated tolyl stearic acid
SXSA = Sulfonated xylyl stearic acid
DPB = Dodecyl pyridinium bromide
IDEH = Isothiourea dodecyl ether hydrobromide
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succinimide (9) were prepared in th®
laboratory. Analytical reagents and
chemically pure reagents were used in
all the experiments. Double distilled
water (all glass) was used in making
the solutions. Triple distilled mercury
was used for the dropping mercury
electrode.

Apparatus. The  polarographic
measurements were made using a
Heyrovsky polarograph (No. Lp 55A)
in conjunction with a Pye scalamp
galvanometer (No. 7903/5). All
measurements were carried out at
25° &+ 0.1° C. in the water thermostat.

Procedure. Polarographic meas-
urements were made after adding a
known volume of the metal salt or
complex metal ion solution to the
polarographic cell, adding the sup-
porting electrolyte, and making up
the total volume to 20 ml. The
solutions were deaerated by bubbling
purified nitrogen gas through them
for about 20 to 30 minutes. The
polarogram was taken, and the process
was then repeated in the presence of
the nonionic soap. An increasing
amount of soap was added until the
maxima were completely eliminated.
For studying the effect of soap on the
electrocapillary curves, a known vol-
ume of the ion to be reduced was added
to the polarographic cell and mixed
with suitable supporting electrolyte.
The drop time with and without the
soap was measured between the poten-
tial range —0.0 volt to — 1.0 volt.

RESULTS AND DISCUSSION

Lauric  acid-diethanolamine  con-
densate is a useful maximum suppressor
for a number of metal and complex ions
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Effect of LDC concentration on suppression of maxima

A: 2.5 X 1073M CuSO; in 2.5 X 1072M biuret at B:

Concen. of LDC in a. None

b. 2.0 X 107°M
c. 3.0 X 107M
d. 5.0 X 107°M
e. 6.0 X 107°M
Each curve storts at — 0.0 volt

whose maxima could not be suppressed
by the surfactants usually employed.
For example, Kolthoff and Lingane (3)
found that the iodide—cadmium com-
plex gave a pronounced maximum which
was difficult to suppress. Addition of
LDC of concentration as low as 10.0 X
1073 could suppress the wave (I, =
— 0.7 volt) without changing its re-
versible nature (Figure 1).

In our early investigations (4-7), it
was found that the ecationic soaps
generally suppress the negative maxima
and the anionic soaps eliminate the
positive ones. LDC has an extra
advantage over these suppressors be-
cause it can suppress both the positive
(Pb*2 copper biuret, and copper glycine
complexes) and the negative (Ni*?
Co*?, Nit*-Co*? mixture, iodide cad-
mium complex, and copper succinimide
complex) maxima although it appears
to be more sensitive toward the positive
maxima. For example, the amount of
LDC (2.0 X 10753) required to sup-
press the positive maxima (Pb*?) is
quite small in comparision to the
amount of LDC (9.0 X 1075M) re-
quired to suppress the negative maxima
(Co*?). Similar behavior has been
observed in the case of copper glycine
and copper biuret complexes (Figure 1).
Moreover, a much smaller amount of
the reagent is required for suppression
as compared to the anionic and cationic
soaps (Table I).

From Table I it is seen that a suf-
ficiently large amount of anionic soap is
required to eliminate the maxima, in
comparison to LDC. 1t appears that in
the higher pH range, the sulfonate ion
of alkyl-aryl, dodecyl, and dodecyl

DROP TIME, SECONDS

benzene sulfonates causes increased
repulsion at the d.m.e., with the result
that a large quantity of the soap is re-
quired. No such effect is observed with
LDC which is nonionic and is easily
adsorbed at the mercury drop-solution
interface as is evident from the electro-
capillary curves studied in different sup-

4.8

2.5 X 1073M Cdly in 0.1M KI at
Concn. of LDC in a. None

b. 2.5 X 107°M
c. 5.0 X 107°M
d. 875 X 107°M
e. 10.0 X 107tM

Each curve starts at —0.3 volt

0 0.2
APPLIED POTENTIAL, VOLTS

0.4 0.6 0.8

Figure 2. Electrocapillary curve

A.  Without soap
B.  With soap

porting electrolytes. Figure 2 illustrates
a typical case of the electrocapillary
curve in 0.14f KNO;, with and without
the addition of LDC. The soap de-
creases the drop time to a great extent
and a maximum decrease is observed as
the potential reaches the electrocapillary
maximum potential (—0.55 volt).
Moreover, one observes a fairly large
flat portion of the curve, which is char-
acteristic of nonelectrolytes (7). Both

1.0
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Table ll. Drop Time at Different
Potential in Copper Glycinate + LDC

Mixture in Supporting Electrolyte
{(KNO)

Copper

Copper glycinate

glycinate + 0.1M

+0.1M KNO; +

Potential KNO; soap (9.0

volt {, sec. X 1075M])
0.0 4.28 4.14
—0.1 4.43 4.22
—0.2 4.55 4.38
—-0.3 4.65 4.42
—0.4 4.67 4 .46
—0.5 4.7 4.46
—0.6 4.65 4.46
—0.7 4.60 4.45
—0.8 4. 58 4.46
—0.9 4.52 4.44
—1.0 4.40 4.40

observations—i.e., decrease in drop

time and the appearance of a flat portion
in the electrocapillary curve—indicate
large adsorption of the soap. Ionic
soaps do not behave in this manner.
The effect of the soap concentration
on the diffusion current also supports
the above views. Just a slight excess of
the soap considerably decreases the
diffusion current without affecting Eys,
and beyond a concentration of 5.0 X
10741/ the polarographic wave vanishes
althogether. It may, therefore, be con-
cluded that LDC is strongly adsorbed
at the mercury drop—solution interface.
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Critical Micelle Concentration of Lauric Acid-Diethanolamine

Condensate by Polarographic and Spectrophotometric

Methods: A Comparative Study

WAHID U. MALIK and PURAN CHAND, Chemical Laboratories, University of Roorkee, Roorkee, India

Abstract

The critical micelle concentration (eme) values
of surfactants obtained by different phys-
ical methods do not show any econcordance espe-
cially in cases when determinations are made in
presence of electrolytes. With laurie aecid-
diethanolamine condensate, the behavior is al-
together different.

A comparison of the speetrophotometric and
polarographic determinations, with and without
the presence of extraneous electrolytes reveals
that the eme values in both cases are almost sim-
ilar. The results indicate that the emec values of
nonionic surfactants are not affected by acids,
bases and salts when added in low concentrations.

Introduction

ONIONIC SURFACTANTS of the fatty acid-diethanol-
Namine condensate type, particularly lauric acid-
diethanolamine condensate, have found wide applica-
tion in detergent formulations and cosmetics as foam
builders (1) for alkylaryl sulfonates, lime soap dis-
persing agents (2), softening agents (3), and prin-
cipal ingredients in shampoos for controlling the
viscosity, elasticity and stability of the fluid (4).
These compounds also find use in industry and tech-
nology for the preparation of agricultural emulsions
and textile treating compounds (5) and flotation ma-
terials (6). The mixtures of laurie acid-diethanol
amine condensate with alkylaryl benzene sulfonates
also find use in the preparation of liquid household
washing compositions (7). In contrast to lonic sur-
factants, these compounds are indifferent to hard
water and to salts, acids and bases (8).

From the purely physicochemical viewpoint, we have
shown that the lauric acid-diethanolamine condensate
(I.DC) can be usefully employed as a suppressor of
polarographic maxima (12) of ditficult suppressable

® NiCl-KCl
> Cu-hiuret
CuCl-KCI.

0.0 0.2 0.4 0.6 08 10
1. OG CONCENTRATION

FIc. 1. Plots between log conc. and 'maximum/'diffusion
current.

metal and complex ions with much smaller amounts
of I.DC than anionic or cationic surfactants.

Another interesting aspeet of the study on nonionic
surfactants can be the determination of critical mi-
celle concentration (eme) of the surfactants as such
and in the presence of extraneous electrolytes. Since
nonionic surfactants should be less susceptible to the
effect of the foreign ions, there should not be much
difference in the ¢me values obtained with and with-
out the electrolytes. That is, the eme values of LDC
cbtained by the polarographic method in different
supportnig electrolytes (used in polarographic re-
duction) should be comparable among themselves and
with the values obtaind by the spectrophotometric
method. The work described in this paper was done
with this objeet in view.

Experimental
Materials

LDC (9) was prepared by condensing pure laurie
acid (BDH) with diethanolamine. AR and “chem-
ically pure” reagents were used in all the prepara-
tions. Biuret (10) and succinamide (11) were also
prepared in the laboratory. Double distilled water
(all glass) was used in preparing the solutions.

Apparatus and Procedure

The polarographic apparatus and procedure used
in this investigation are described in detail else-
where (12). All the measurements were carried
out at 25C + 0.1C in a thermostated water bath. A
Beckman pH meter model H was used for all pH
measurements.

The polarographic micelle concentration (pmp)
(13) obtained by plotting Iluayimum/laittusion VS. log
concentration of LDC and taking the point where
first sharp discontinuity appears and the maximum
suppression point (MSP) (14) obtained by plotting
Imaximm/ldittusion VS. 1og concentration of LDC and
extrapolating to unity are shown in Figure 1.

For determining cme by the iodine solubilization
method of Ross and Olivier (15), absorption measure-
ments were made by a Bausch and Lomb Specfroniec-
20.

The stock solution of iodine (A) was prepared of
concentration 1073 M. The stock solution of the non-
ionie surfactant (B) whose eme was to be determined,
contained a known concentration 10-8 M) of the sur-
factant well above its ecme. By diluting the solution
(B) with solution (A), a wide range of concentra-
tions of surfactant could be obtained containing a
fixed concentration of iodine. The mixture thus com-
prised solutions of concentration above and below the
e¢me to be determined. The spectrophotometer read-
ings are best made with solution A as the standard
for 100% transmittance, although the pure solvent
(distilled water) could be used.

The spectrophotometric measurements were made
at a wavelength of 360 mp (iodine-micelle complex



TABLE I
Comparative Values (Order 10-°M) of MSP and PMP for LDC, SPSA, STSA and SXS8A

SPSA STSA SXSA

Ions or pH Lpo - E — wiinl S ; o

complexes MSP PMP MSP PMP MSP PMP MSP PMP
Ph+?in KNOs 5.15 1.99 1.00 17.38 9.80 5.62 2,18 3.80 1.29
Co*2in KCI 2.95 8.99 5.99 17.38 4.90 120.20 34.67 83.18 10.47
Ni*2in KCl 4.92 6.99 3.98 43.65 8.20 50.12 48.98 50.12 36.31
Co*2Ni*? in pyridine 175.00 100.00 363.10 121.00 20.89 4.89 20.89 4.78
CdI: —KI complex 6.03 9.26 2.50 169.80 12.10 15.85 7.94 15.85 5.37
Cu-Glycinate 10.50 9.12 2.00 16.80 4.90 5.1 4.26 5.11 3.08
Cu-biuret 12.04 9.80 3.00 83.30 13.20 12.02 2.39 2.81 1.95
Cu-succinimide 11.50 12.50 4.99 TP viiees g

LDC = Lauric acid —diethanol amine condensate.
SPSA = Sulfonated phenyl! stearic acid.
STSA = Sulfonated tolyl stearic acid.
SX8SA =Sulfonated xylyl stearic acid.

maximum). It was always found important to take
the reading within an hour of the preparation of so-
Iutions, because of a slow fading of the color of iodine-
micelle complex.

Results and Discussion

The results of the polarographic micelle concen-
tration (pmp) and the maximum suppression point
(MSP) values of I.LDC are given in Table T (Fig. 1).

The MSP values are almost of the same order
(10°°M) except for the Ni*? —Co*2 mixture in pyri-
dine where a very high concentration of the LDC
(10%M) 1is required to suppress the polarographic
maxima. A similar diserepancy is observed in the
case of PMP values for the Ni*2 —Co*2 mixture in
pyridine, otherwise the PMP values for other ions
le in the same concentration range, viz.,, 10°M. Al-
though the order of the MSP and PMP values in the
presence of different supporting electrolytes is Cl- >
I- > NOjy~, the values do not differ much from each
other as observed in the case of ionie surfactants (Ta-
ble I). Our results are in agreement with those of
Hsiao and co-workers (16) and also of Schick (17)
on polyoxyethylated nonionic¢ compounds who showed
that the cme values of ionie surface active agents are
lowered to a greater extent in presence of electrolytes
than that of nonionic compounds.

The PMP values obtained in the higher pH range
(pH 12.00) in the case of the polarograms for copper
biaret and copper succinamide complexes also do not
exhibit any appreciable deviation from the values ob-
tained in the lower pH range (the pH in presence
of the salts used as supporting electrolytes are in the
range of pH 2.92 — 6.03). It may thus be concluded
that like the salts, the pH also does not affect the eme
values of I.DC. On the other hand, there is a large
effect of pH on the PMP values in the case of ionic
surface active agents (Table I).

Malik and co-workers (18,19) explained the results
on the MSP and PMDP values of alkylaryl sulfonates
in the higher pH range on the basis of enhanced dis-

TABLE II

Comparative ¢cme Values of LDC, SPSA, STSA and SXSA
by Different Methods

cme values (order 10-5M)

Method y
Without \
electrolyte Kcl KNOs KI
Polarographic
LDC Co 3.98 1.00 2.50
spPsa L 8.20 9.80 12.10
sTsA L 48.98 2.19 7.94
sSXsa 36.31 1 5.37
Spectrophotometric
LDC 4.0 4.0 4.0 4.0
SPSaAa 80 . el
STSAs= io0o0
SXSAr 120 L

* The cme values have been taken from the PhD thesis of S. P. Verma.

TABLE III

Relative Effectiveness of Anionic and Nonionic Surfactants

Concentration to suppress the

Sur- AMolecular polarographic maximax 1053
factant Weight Pb o2 Cdl — KI Qi
in KNOs complex biuret
LDC 290 2.0 10.0 6.0
SPSA 441 235 238.0 83.3
STSA 454 23.8 23.8 60.5
SXSA 469 2.1 23.8 4.9

sociation of the soap resulting in increased repulsion
at dropping mervcury electrode (dme). Such factors,
however, cannot be operative in nonionic surfactants.

There are several factors which may be responsible
for the lower cme values of LDC as compared to the
alkylaryl sulfonates: (1) the amido (—CON <) group
is less hydrophilic than the sulfonate group (x —
S0g7); (i1) it has a greater tendency to associate more
strongly than the ionic ones because of lack of elec-
trical charge; (iii) the latter factor is supported by
the statement of Fowkes (20) that the tendency to
form micelles is proportional to the square of the con-
centration of ioniec detergents but only to the first
power of the concentration of nonionic material. Au-
other interesting fact emerges from these studies.
Unlike ionic surfactants, the nonionic ones, even of
low molecular weight sappress the polarographie
maxima at much lower concentration. This is evident
from the comparison of their molecular weights
(Table IIT).

Tt has been found that the eme value (4.0 X 10-5M)
of LDC obtained by the iodine solubilization method
is of the same order as obtained by the polarographic
method (Table T1). Tt is also observed that the eme
value is not at all affected by the presence of ditferent
electrolytes viz., KCl, KNOy and KI by the solubiliza-
tion method. The results on the eme values of LDC
desceribed here go to show that unlike the ionic sur-
factants, the concentration for micelle formation is
not affected by the changes in pH or by the presence
of extraneous electrolytes. The concordance between

0.3
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the polarographic and spectrophotometric methods in
this case is also very significant.
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