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Surface active agents9weU known for their specific

behaviour of altering the surface energy of their solvents,

have been obtained from natural products by extraction or

modification since prehistoric times. These products have,

however,always found limited applicability due to their

Instability in th© acid solution or their tendency to

undergo hydrolysis in the aqueous medium. The industrial and

technical developments which came in the wake of the first

world war,focussed attention on the disadvantages of these

soaps and a vigorous search was made to have soaps or

surfactants which besides being free from these disadvantages

may be more effective and industrially useful. The discovery

of synthetic 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

derletiag the use of organic solvents for bringing them into

solution are not wanting. Generally si eaking the water

soluble surface active agents can be classed under two heads,

the Ionic and non-ioale soaps. Of the two,the former have

undergone further subdivision into anionic and eationie

soaps, depending upon the charge which the large hydrophobic

part attains when brought into the solution. On the other

hand non-ionic soaps,although not lonisable,possess a



sufficient number of Ionising polar groups,e.g«, «0-,-0H,

• CO "H -,- COO, which make them soluble in water. And yet

there is another class of compounds named amphoteric

surfactants which ionise in solution with the long chain

carrying either positive or negative charge,depending upon

the pH of the solution. Besides there are surfactants which

fall under polymers and fluorooarbons.

Non-ionic surface active agents have greatly attracted

the attention of industry with the result that they are

finding increasing applications end appreciation in many fields.

The advantages of non-ionic agents are based on such fundamen

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 pH and chemical

inertness and their non-vulnerability towards high concentrat

ions of electrolytes.

Surfactants have been put to use in industry,

technology and allied fields. They are finding increasingly

great use in medicine and hygeine as powerful bactericides,

as agents for preparing skin lotions,ointments and emulsions

of the sex harmones (1) • A very large proportion of the

total surfactant production Is used in textile industry. The

Importance of surfactants in the field of cosmetics, metal

end mineral technology,in paper,leather,synthetic rubber,

pelymer,plastie,palnt,petroleum industries is now well

established. Although the building and construction
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Industries seldom claim the use of surfactants for soil

stabilisation,the possibility of their being used as soil

stabilisers can be explored (2). Their usefulness in agricul

ture to improve physical properties of fertilisers and soils

(a) and in bringing about quick germination of *m&* is also

being gradually recognised.

The selection of surfactants for specific application

is governed by some of the distinction features like adsorp

tion and orientation of molecules at the interfaces,micelle

formation above a certain concentration known as critical

micelle concentration ( c.m.e.) , solubiiisation of water

insoluble substances by micelles etc.. Truly speaking

amongst colloids it is the surfactants which possess the

unique distinction 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 narrow concentration

range. Thit abruptness in property hat been utilised in the

determination of c.nuc. A number of methods based on

electrical conductance ( 4-3 ), osmotic pressure (9)fvapour

pressure (10) .viscosity (U) ,e.m.f. (12) .diffusion (13,14) ,

freeaing point (16) .solubility (16,17),surface tension

(18*20) , refractive index (21) , polarography (2$ ,light

scattering (29) measurements have been employed from time

to time by various workers to study the micellar properties
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ef surfactant solutions. Of these the light scattering

method is of special importance since it affords the determi

nation of both the aggregation number and cm. a. of the

surface active substances (ionic and non-ionic). Spectral

dye method for the determination of cm.c,first initiated

by Hartley (24) , has met with great success (26-27). This

method has now been extended to non-ionic surfactants also

(28-29). Another method,although an indirect one,has been

used to provide evidence for micelle formation. It is based

on the ability of the surfactant solution to dissolve or

solubillze water insoluble dyes at the e.a.c. (30,31). This

method can be equally well employed in the ease of both

aqueous (32) and non-aqueous solutions (33-36) of surfactants.

all surface chemists subscribe to the existence of

micelles in solution of surface active agents "but opinions

differ as to their klnds,shapes and mechanism of formation

(36-39) . McBaln considers two kinds of mleeiles,ene a highly

conducting,spherioal one revealing Its existence before

c.ra.c. while the other, a non-conducting lamellar micelle

making its appearance beyond c.m.c.. Contrary to McBain*s

views Hartley (40,41) acknowledges only one kind of micelle,

namely the spherical one. On the other hand Debye (42) has

proposed a eyllnderloal micelle while others (43,44) have

Indicated the presence of rod like micelle giving impression

of a stack of coins.
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Light scattering technique Is probably the most

powerful tool which can be employed to fathom the mysteries

of micelles. It affords the determination of mieellar

molecular weight (45-49) , amount of charge on the micelle

(50), and dissymmetry (51). This method singly provides such

a hoard of information which other methods like diffusion

(62-64) , X-ray (56,56) , ultracentrifuge measurements (57)

and sedimentation data (58) may not be able to give when

used collectively. Recently Sehott (59) calculated the

mieellar molecular weight and aggregation number of some

ionlo and non-ionic agents by solubilization, fueh effects

as the decrease in cm.a. end increase in mieellar size

(60,61) on the addition of salts to surfactant solutions

can be studied by this technique.

Thermodynamics! considerations of Debye (45) based on

the free energy of the micelle rather than of the entire

system aroused great controversy (62,63). Reich (62) pointed

out that Debye*s treatment was not conclusive and could

not provide explanation for such simple facts as the format

ion of micelles by non-ionic 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

(65) criticized the simplicity of such statements. Later on,

«'a>n:aw& et.,-~. , (6G) \\xt forward | theory which SsWiCmfStl
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tuch factort as heat of hydration and configurational •

entropy terms of the hydrophobic chains in discussing the

formation of associated colloids. This theory could give

the quantitative prediction for cm.c,mieellar weights,and

other properties but could not ressonably explain tempera-

ure effects and clouding phenomenon. ?tainsby and Alexander

(67) have calculated the change in heat content and also in

entropy at mleelilastion from the temperature dependence of

the cm.c. of surfactant. Reeently,the heat of micellisatioi

in aqueous solutions of various Ionic detergents has been

determined by direct calorimetric measurements of heats of

dilution ( 68-71 )•

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 phase,though it seems adequate to call it a

pseuodophase ( 72 ). It is,however,convenient to use the

model based on the law of mass action for micelles with smaJ

aggregation number while phase separation model is preferrec

to when dealing with large aggregation number.Critical

micelle concentration in terms of phase theory would then

mean as the saturation solubility of single specles,which

if exceeded,leads to the production of a new phase.

Dependence of cm*c.is not limited to the chain

length but factors like the position of the Ionic group in

the alkyl-chaln( 73 ) .presence of double bond and also the

substitution of polar group for hydrogen In the hydrocarbon
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chain influences the e.m.c of the surface active agents.

The difference in c.m.c of various surfactants having the

same hydrocarbon chain has been found mainly due to the

kinds of hydrophillc group, the number of charges on

geggenlons,molecular shape and so on (66,74,75). ^ottermoscr

and Puschel (5) have reported correspondingly smaller

cm.cs.for bivalent 2n,Cu, and Mg-salts than for univalent

ie.X.and Ag-salts of the alkyl sulphates. The cm.c is

not markedly dependent on the nature of geggenlons (76) •

The effect of additives and salts on the cm*e.

of surface active agents has been studied by a number of

Investigators (21,26,76-80). It has been found thst the

concentration, number of charges on geggenlons are the

important factors. The addition of salts to the solution

of non-ionic agents has a relatively small effect (31).

The physico-chemical properties,such as surface

tension (82), cauc. (7,73,33.34), foaminess (36) ,foam

stability (78), and solubilization of hydrocarbon (36.37)

change considerably in presence of a very small amount of

paraffin chain alcohols. The e.m.c change due to the added

alcohols is V9T7 Important both academically and Industria

lly to elucidate the phenomena. Hutchinson et.al..(3$ have

measured the effect of cyclohexane. n-heptanc end toluene

on the c.m.c. of dodecyl pyrldlnlum chloride by electrical

conductivity, resulting a decrease in the cm.c. The

effect of added dloxane.glycol, methanol.etc on the c.m.c.



8

has been reported by Harkins et.al.(33).

INTERACTIONS!

Interactions of soeps 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 (39) .dyes (90) , high

polymers (91) , proteins (92) .metal ions (93) .clays (94) .

simple organic compounds etc.

Soap and soapt- Interaction between one seep end the

other leads to the formation of mixed micelles (96). A

typical case is a mixture (96) of Ionic (e.g.sodium

dodecyl sulphate) and non-ionic (e.ti.polyoxyethylene

dodeoyl ether) agents in the aqueous medium. It has been

observed that the presence of an ionic agent obstructs the

increase in mieellar weight of the non-ionic agent and

enhances the cloud point. Investigations on the cm.es.

and the mieellar properties of the mixture of ionic(97*100)

and non-ionic surface active agents (101,10$ have proved

of immense value in clarifying our ideas of micelle

formation and preferential micelle forming tendency. The

study is also very useful from the industrial viewpoint

because coasesrolal surface active substances almost always

contain some higher or lesser homologes as an impurity.

Soap and proteint- These interactions have been extensively

studied from both biochemical and industrial point of

views (103-109). Xuhn et.al.(l03) showed in their study on

cationle surfactants that disinfecting action of these
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agents on bacteria can be attributed to the combining

power 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 cationic

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 turbidimfttry.fluorlmetry.surface tension and

viscosity can be employed for these studies. Even polaro

graphie waves other then the diffusion controlled ones

can prove to be of immense value in such studies.

Soap-metal interactiont- Soaps cf metals like copper,

nickel.mercury.zinc.cobalt etc. have been prepared by

metathesis ( 113 )• Bssldes their industrial and technical

importance ( 114 ).these seeps can be fruitfully investi

gated from the point of view of their solubility in

organic solvents and the nature of the micelles vis-a-vis

those formed in the aqueous medium. Their studies in

organic solvents in close gel forming effects of the

system with some other causative properties like X-ray

structure.dipole moment.viscosity.temperature.solubility

coefficients etc.( 116,116 )• Techniques like polarography

( 117-119 ), spectrophotometry ( 120,121 ),e.m.f.

•easurements using metal-metal seep and membrane
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electrodes ( 122 ).viscometry ( 123 ) measurements and

radio-isotopy ( 124 ) have recently been uted to ttudy

the physico-chemical behaviour of soaps.

Schulman (93 ) has studied the reactions of copper

with dodecyl sulphate while Walton ( 126 ) and Von Voorst

( 126 ) have prepared the mercury salts of anionic surfac

tants. Interaction of soaps with cooplex compounds like

sine 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.

Oleophilic colloida like metalt and metal hydroxide

sols would also react with soaps ( 129-134 )• Recently

Ottewlll ( 136 ) examined the effect of non-ionle agents

on the stability of Ag sols.

Soap-clay interactioni- Until recently the effective

utilisation of days in conjunction with various surfactantt

was 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 ).one can expect that

organic cations will be adsorbed on the negative surfaces

and organic anions at the positive edges. In analogy with

water.polar organic compounds will be adsorbed on both

hydrophiiie surfaces. Long chain aliphatic amines can be

anchored on clay minerals( 136 ) like bentonite.imparting
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to them strongly organophlllc properties.

Cashen (137) has used cetyl trimethyl ammonium

bromide to distinguish planer and edge functions of clays.

Clays have also been used to sorb the normally liquid non-

Ionic detergents when they are used In powdered household

detergent formulations (133) •

Soap-dye interactions* Interaction between dye-stuff and

surface active agent is e complicated phenomenon and not

much has been achieved in this direction. This is not

surprising since the behaviour of the dye in water is not

yet satisfactorily elucidated. Some dyes associate even at

a fairly low concentration giving aggregates which remain

in equilibrium with the monomer. Pinacyanol chloride

belongs to this type (25). Inspite of all these limitations,

this interaction can be usefully applied to determine the

c.m.c. of the surfactants. The method is named as a spectral

dye method and was first developed by Hartley (24) and was

later on extended by many workers (25-27) • Mukcrjee and

Mysels (139) has used this method in determining the cm.c

of sodium lauryl sulphate. The colour change accompanying

this reaction was attributed to the formation of dye

detergent complex. Hlekey and Downey (140) confirmed the

existence of a complex of methyl orange with octadecyl

trimethyl ammonium chloride at different pa values while

Collchman (14D investigated the complex formed by the

_
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interaction of bromophenol blue with quaternary ammonium

compounds. A eolorlmetric method based on determining the

quantity of bromocresoi purple liberated from a protein

coisplex with dye on addition of the anionic detergent.has

recently been proposed.

In recent years.the interaction of non-ion1c

surfactants with dyes has been investigated (29). Nakagava

(142) has calculated the partition coefficient of the dye

end from that the partition is very favourable to the

incorporation into the micelle. The Importance ef this

reaction in dyeing process (143) is well recognised now.

For example.dyeing with Hhodanine B is Improved by using

e mixture of the dye and sodium alkyl sulphate.

Organic water Insoluble compounds becomes soluble

when brought in contact with the aqueous solution of the

detergents. This phenomenon has been named as solublllsatioc

Direct evidence of the fact that the solubilixed material

is present in the micelle is provided by X-ray measurements.

Many Interesting aspects of the phenomenon have

been investigated. For example,MeBaln and MeBaln (144)

found that the components in solubilised systems are in

thermodynamic^ equilibrium, "clay (145) has studied the

effect of edded solublllsates on the cloud point. Stearns

et.al.,(30) ,Kolthoff and Sraydon (146) , Xolthoff and Strlcks
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(147) , Klvens (148) and Richards and MeBaln (149) think

that the addition of electrolytes increases the extent of

solubilization greatly. Qwn (150) has studied the

increasing effect of solubilization of Orange OT by the

edditlon of hydrocarbons. The introduction of a polar

group in the molecule and also the presence of a double

bond increases the extent of solubilization (30).

Palit and MeBaln (151) have shown that soap

greatly increases the mutual solubility of benzene and

ethylene glycol. Further Palit and coworkers (152-155)

have pointed out that the mixtures of surfactants are

frequently far better solublliters for water than the

same surfactants taken individually. They have presented

the data for a large number of the systems in which water

Is the solublilsatc.wlth both the soiubliisers and the

solvents representing e wide range of chemical structures.

Solublilzlng effect of some basic organic compounds on

the metallic soaps has been studied extensively by Palit

et.al. (166)• They pointed out that glycols are strong

solubllizers for heavy metal soaps (167).

IffSCT Of SURFACES, Off fj^t^KH«** fttt fWBffff*

The influence of surfactants on electro-chemical

processes of Industrial and metallurgical Importance is

fairly well known. From the viewpoint of fundamental

study.the effect of surfactant m\ the solution mercury

interface is of special interest. This subject has not
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been fully investigated and offers a fresh avenues for

further work.

Proskurnln and Frumkia (153>. for the first time

made use of differential capacity measurements at the

solution mercury interface in order to investigate the

adsorption of colloidal surfactants at the solution

interface. Their work was further extended and Improved by

Orahme (169) who applied it in an extensive study of the

structure of double layers. Eda (160) carried out investiga

tions on the adsorption of paraffin chain electrolytes on

the solution-mercury Interface.but little information (161)

is available concerning the effect of compounds of high

molecular weight such as poiyoxyethylene lauryl ether.

Surface active agents Influence the reduction 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 obiltrste the entire wave. In some eases,

the presence of surfactants results in the appearance of

adsorption or catalytic waves (162) while in others,Instead

of suppressing the maxima,enhanced current in the form of

kinks (163) appear.

Collchman (22) and Tamamushi et.al. (164) have

studied the effect of some Ionic and non-ionic surfactants

on the polarographie reduction of simple metal and complex

ions while Melts (165) and Zuman (166) have studied the

suppressive action of a number of these compounds. Kblthoff
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(167) has recommended the use of polyacryl-amide as e

maximum suppressor in the case of rotating platinum

electrode. Rellley (163) and Smoler (169) had studied the

effect of surfactants on polarographie currents.

Holleck and Kxner (170) have observed the effect

of these co-abounds on the reduction mechanism of nitro

compounds at the d..«wc. Stromberg (171) has studied the

effect of camphor on the electrode process of cadmium-

amalgum electrode, while Siivestronl (172) has shown that

the half wave potential of oxygen shifted to more negative

potential by the presence of these compounds. Kemulla

(173,174) , Schwab (175) . and Kolthoff (176) have studied

the reduction waves of copper in presence of surface ective

agents.

Reeently.new fields have been covered. These include

the polarographie behaviour of fatty acids (177) and

quaternary amasonium salts (173) . the effect of surfactants

on the maxima of anions (179) . inorganic ions (130) .

behaviour of some substances at the d.m.e at different

frequencies (131) and the researches of Doss and coworkers

(132) on the effect of gelatin,acetone.thymol blue,etc,

on the capacity of double layer. The latter author has

also studied (133) the behaviour of bromo-cresol purple

blue.bromo-thymol blue and eetyl pyridinium bromide at the

d.m.e. in order to see their effect on the capacity of the

double layer. More recently, Chaki (134) studied the effect
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of these compounds in osclllopolarography while Hagi

( 136 ) observed the effect on the ehronopotentlograms of

Cu**,Pb**,Cd^ and Bi*** in various supporting electro

lytes.

ANALYSIS AJIP fiSTIMAlION OF SURFACTANTS.

The surfactants are generally identified by

surface tension and elemental analysis. Dyes and certain

other indicators ( 186,137 ) are used to estimate the

ionic surfactants in the mixture. Preston( 188 )©scribed

a tensiometrio titration for the estimation of surfactants

while Wilson ( 189 ) described a gravimetric method for

quaternaries. Recently Sorden and Urner ( 190 ) have

described a polarographie method for the determination

of sulphite and sulphates in petroleum sulphonates.

Despite the great commercial importance of the

non-ionics.relatively few quantitative analytical

procedures for these substances have yet been developed.

Harada and Kimura ( 191 )studied the precipitation react

ion of bismuth nitrate and potassium iodide with non-

ionics. The precipitate does not have a definite stoichio

metric cossposition,but the inorganic components included

in it have a definite compositions.In order to remove the

interfering substances the use of a suitable solvent

( 192 ) and ion exchangers( 193 ) 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 iodine-starch
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colour reaction in the presence of non-ionics has been

utilised to determine the concentration of non-ionics.

The impurity or heterogenity of e non-ionic surface

active agent includes many complications in its physico-

chemical properties. The molecular distillation method,

chromatography especielly p^p^r partition chromatography

(105) have been employed for the purification of non-

ionics.

Recently,selective adsorptivity has been determined

for several pairs of detergents by radio-tracer technique

(196) in order to analyse the action of a mixture of

surface active agents and to clarify the effect of highly

surface active Impurities.

—oo—
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The work described in the thesis dealt with

the following aspects of the chemistry of non-ionic

and ionic surfactantsi

( 1 ) The behaviour of non-ionic surfactants as

polarographie maxima suppressors and their relative

superiority to ionic surfactants,

( ii ) C.M.C. determination of non-ionic surfactants

by polarography and spectrophotometry ( iodine soluble

lisetlon and spectral dye methods ) and with the help

of electroeapiliary curves-a method which has not so

far been used for cm.c. determination and offer a

new approach for extensive studies.

( iii ) Quantitative studies on the binding of dyes

with ionic surfactants carried out speetrephotometri-

eally.

< iv ) Polarographie estimation of ionic surfactants

by determining the decrease in wave-height of dyes.

( v ) Polarographie determination of aggregation

number of dyes and the effect of additives known for

breaking the water structure the aggregation of dyes*
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The appearance of maxima in polarographie waves is

a well known phenomena. Although conflicting views exist

regarding their origin (1-2) ,many experimental facts like,

the existence of positive and negative maxl*sa (3) ,their

non-reproducibility (4) ,dependence of their shapes on the

composition of electrolyte solutions (5) ,helght of the

mercury column (6) ,emergence of the maxima of the second

kind (7) ,appearance of kinks in presence of suspensolds

(3) etc,offer several new fields of lnvestlgation,both

of fundamental and applied Importance.

A simple consideration of the phenomenon of the

maximum suppression would reveal that investigations in

this direction are not limited to the discovery of new

maximum suppressors but various factors affecting the

equilibrium at the mercury-solution interface can be studied

by carrying out polarographie determinations in presence

of surface active compounds. Attention to some such points

will be drawn in the following paragraphs.

The maximum suppressors cited in the literature,

include substances like,proteins,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 substalned effort in this direction

is being made so that new suppressors which would prove

useful for difficultly suppresseble maxima without producing
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insidious effect at the electrode surface may be discovered.

The use of material like Triton X-100 (9) ,polyacrylamlde

(10) ,thiobarbitrates (11) ,separan (12) as maximum

suppressors in s few difficult cases may be eited as

examples in support of the above viewpoint. Investigation

by Malik et.al. (13-14) with alkyl aryl sulphonates,

quaternary ammonium salts as maximum suppressors for a

number of difficulty suppresseble simple and complex metal

ions over a wide range of hydrojon ion concentrations is

another example of the discovery of new surfactants for

polarographie work.

Other interesting aspects connected with the

discovery of new maximum suppressort and their influence

on polarographie reduction are the work of Reilley (16)

and Smoler (16) on the effect of surface active agents on

polarographie current.that of Badinand and Doueherle (17)

on the inhibiting power of polyethylene glycols and of

Capitanio and Pittonl (13-19) on the suppression coefficient

of sulphonated narhthyl 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) and Schwab (23) on the effect of surfactants

on copper waves is also an interesting study worth mention

ing.
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The presence of surfactants in trace quantities

not only bring about a suppression of the maximum

(sometimes aeeompained by decreet© In the limiting current)

but also bring about the shifts in the half wave potentials,

appearance of minims or deceiving split waves,kinks,

obliteration of the entire wave etc. 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 electrocepillary curves.

Oouy (24), for the first time demonstrated that if

small quantity of surface active substance like ootanol

is added to the solution,the eiectrocapiiiary curve

changes its form resulting in the displacement of the

eiectrocapiiiary zero (e.cz.) downward es well as sideward.

The shape of the eiectrocapiiiary curves depends

on the nature of the solution and provides useful informat

ion on the capillary activity of dissolved substances and

the structure of the double layer. A close relationship

exists between the electrode potential and interfaelal

tenslon,and symmetrical parabolic curves are obtained If

the adsorption of ions takes place at the mercury surface.

Collchman (26) end Tammauahi et.al. (26) have

studied the fonsetIon of micelles of surface active agents

and discussed their effect on the current-voltage and

electrocepillary curves. Several Russian investigators

(27) has confirmed the finding that the inhibiting action
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of the paraffin chain compound on the current-voltage

end eiectrocapiiiary curves is essentially connected to

the coverage on the electrode surface by adsorbed

molecules or ions. Melbur (28) used the electrocepillary

curves to determine the extent of adsorption of organic

substances. Recently Barradas and Kamerlle (29) studied

the adsorption of highly surface active agents such as

Triton X-100, Triton X-36 and Triton X-306 on d.sue. by

plotting eiectrocapiiiary curves in 0.1 H Kd«

The studies on adsorption of highly surface ective

agents by conventional polarographie drop-time measure

ments is of special interest in Investigeting the electro*

inhibitors and the attainment of smooth deposits and

polished metal surfaces in electroplating. Some studies

elong this line are reported in the literature (30-32) *

Heyrovsky (33) mentioned the effects of the films of

adsorbed molecules such as pyridine in the discussion on

the mechanism of electro deposition of metals* Randies

(34) demonstrated that rate of some electro-chemieel

processes at the mercury cathode is changed by the addi

tion of a small amount of gelatin and methyl red to the

electrolyte solutions.

The polarographie maxima have been found useful

In both analytical and applied fields. Their study

provides a rapid method for determining the surfsee

activity (35) and also the concentration of the compound
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(36). It can even be employed In determining the cm.c

of surfactants (25). In the applied fieid,polarographio

maximum has found use In biology and medicine (37-33) ,ln

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 (42) .

Striking similarities have been reported between the

processes involved in polarographie maximum suppression on
o

one hand and the metallic corrislon and its inhibition on

the other (43) •

The problem ef polarographie maxima and electro

cepillary curves reviewed above has been investigated mostly

in presence of surfsee active substances like dyes,

iroteins.or ionic surfactants. Very few references,mention

ing the use of non-ionic surfactants in these studies have

so far been reported. Probably the only exception is

Triton X-100,mentloned by Melts (9) and Collchman (26). In

this ehapter,the use and relative merits of some new non-

ionic surfactants as maximum suppressors for simple and

eomplex metal ions end their effect on the eiectrocapiiiary

curves in potassium chloride as the extraneous electrolyte

is described. The results obtained from these studies have

compared with one or two typical ionic surfactants.
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Laurie acid dlethanolamine condensate (LDO was

prepsred In the laboratory by the method recommended by

Kritchevsky (44). The conditions used for obtaining it were

briefly as follows.

One mole of lauric add (B.D.li.) and two moles of

diethanol amine were mixed in a porcelain else. The mixture

wes heeted to ebout 180-170*0 on an oil bath for about one

hour. At this temperature,water got slowly distilled off.

The formation of the lauric acid dlethanolamine condensate

er leuryl dlethanoiamlde took piece according to the

equatloni

Ca&aOH

CtahssCOOH ♦ H8 ( CaHaOH) »-v C itHaeOOM ♦ HaO.

CaHeOB

The fuel product obtained vet a clear yellowish

brown liquid of high viscosity. It wet readily soluble to

a clear solution in water and had a pH of about 9.00.

Mon-ionle surface active substances vis| tonidet P40

(100& poly ethylene oxide condensate) ,!lonidet P42

(condensation product of dioctyl phenol and ethylene oxide) ,

and *Ienex 601 (methoxy poly ethylene glycol laurate) and

catlonlc surface active substances viz*,cetyitrimethyi

ammonium bromide (CTMAB) and eetyl pyridinium bromide

34
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(CPH) were all BDH products. All were used without further

purification.

Lauric acid dlethanolamine condensate was prepared

in the laboratory. Their solutions were prepared in double

distilled water (all glass) •

Solutions of lead nitrate,nickel chloride,cobalt

chloride,copper sulphate and cadmium iodide were prepared

by dissolving A.8,samples in double distilled water. The

strength of the solutions were determined by usual methods.

Solutions of potassium nitrate,potassium chloride and

potassium iodide were also prepared with A.R.samples.

Pyridine used in studying the polarograms of Ml •

Co** mixture was obtslned by distilling A.R.sample. A.R.

glycine was used while biuret was prepared in the

laboratory (45).

IrTsWmri

Polarographie measurements were made using

Heyrovsky polarograph (lo.Lp 55A) operated manually in

conduction with a pye sealamp galvanometer (No.7903/5) in

the external circuit. Dropping mercury electrode was used

as the cathode whereas saturated calomel electrode as the

reference electrode. Triple distilled pure mercury was

used throughout the measurements. Nitrogen (purified by

passing through alkaline solution of pyrogallol and

chromous chloride ) was passed in the polarographie cell
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(S-type ) to keep an inert atmosphere. The height of

mercury reservoir was kept at a constant height

(60*0 cms*) * Polarographie capillary ( Gallon Kemp )

with drop time 4.30 second was used. All the measurements

were carried out at 261 0.1*C using a thermostatic

water bath. All the pH measurements were made with the

help of a Beckman pH meter Model H.

JSJeULmW*

Polarographie measurements were carried out after

putting e known volume of the metal salt or the complex

metal ion solution in the polarographie cell,making up

the total volume 20.0 ml. after adding the supporting

electrolyte. The solutions were deaereted by bubbling

purified nitrogen gas through them for about 10 minutes.

The polarogram was taken and the same procedure was then

repeated in the pnmne* of surface active agents.

Increasing amounts of the surfactant solutions were

added by mieroburette until the maximum was completely

eliminated. The results are depicted in tho figs.1-44.

SLECTROCAPILLARY CUTiVES METHOD.

The solutions of concentration 0.1M KC1 were

deeerated by bubbling nitrogen in the polarographie cell

( H-type ) . At leest 20 drops were counted and

drop time measured by means of a stop watch. Each set

of measurements at e constant potential were repeated
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three times. The electrocepillary date were obtained

from 0.0 to -1.2 volt ( S.C.E. ). The eleetroeapillery

date were repeated in the pretence of different

concentrations of the surfactant. The results are shown

in the figs,45-49.
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««W* of am spi^qws <ffi *W-W syppj^go.RS*

Tha effectiveness of synthetic surface active agents

In expressing the polarographie maxima of different

simple and complex metal Ions is very well borne out on

the basis of experimental results given In the preceding

pages*

Tha data on tha 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,

foist**?* •fftftU?WH of fo<rt«, a^,aOT*lffA^'fttt^t9\mft^ff
ml mpprfioVtf tha poiUlTt, Unites*

Surfactants Ion or complexes.

(xl<T» gma/i.) Pb+*.XH0. U«*.]£C10t Cu-glveine Cu-biuret
and phospho
ric acid*

30n*lonlcs
ifonldet P40
Hoaldet P42

1Mb

CatIonict
CTMAB
CPU

**Anionici
6 PSA

8T8A
SXSA

*3.64
16.40

3*ao
5*80

6*80
38*50

19*00
16*00

76*60
26*40
17*70

M.S. P. values (xiO**lO
in (x!0*» gas/l.).

6.20
19*00

2.38

14.60

a*60
30*00
6*00

26*10

6*90
13*00

19.70
22.60

73.00
23.10
23.76

5*20
22*60
4*60
17*40

3*60
11*60

16*40

54*00

346*76

54*40
13*05

given In ref.13 and 14 were converted

•x- from ref*13| x* from ref.14*
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Table 2.

awttyoti:

^nt.ivenaii!

fTfmWT mffl!ir\^
gf aaaaaVJaal •aaaafsaVl ffWftrttftti

JSBE*

Surfactants

(xl0**gmsA»)
Ion or complexes

Sl^KGl Co**-KCl Ni^-Co^mixture Cdls-KI
In pyridine and complex*
KCI.

Non-ionici

Sonldet P42 2sl60
Honex 601 5*20
•»e*^4*T Wn0%%F*0

Oationici

CTXAB
CPB

*OPB

*ID1S

**Anioaiei

6P6A
8T8A
SXSA

6.80
386.00

20.00

19,00

191.30
226.60

8.26

6,60
mmmjmaj aaaF

4.35
116.00

73.70

19.60

76,60
643,60
009*0

15.60
72.00
8*60

680.00

6.60
Hot suppressed

16.40

1697.00
94.70
97.80

6.10
88,60

8.60
89.00

pptn*
pptn.

47.60

26.00

748.00
71.60
73.60

H.S.P. values (xlO*8 M) given in ref.13 and 14 ware converted

in (xlO*» gas/1.).

x- from ref. 131 xx- from ref.14.

DPB * Lodecyl pyridinium bromide.
IDEH « Isothiourea dodecyl ether hydrobromide*
8P6A « Sulfonated phenylstearle acid.
ST8A m Sulfonated tolylstearlo acid.
SXSA * Sulfonated xyiyl stearic acid.
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The following conclusions aay be drawni

( i ) By and large.the anlonie surface active agents,viz.,

8P6A,8TSA and SXSA are more effective in suppressing the

positive maxima than the negative ones. Reyrovsky and

Dullinger's rule ( 46 ),that ls.negatlvely charged

colloids are effective in suppressing the positive maxima

and vice versa,is followed.

Cii ) Cationic surfactants suppress both the positive and

negative maxima with equal ease. The cationic surfactants

are superior to the anlonie surfactants In another respect

The amount of surfactant required to suppress the maxima

Is much lower than in the ease of anionic surfactants.

Even polarographie maxima suppressable with difficulty

like those of HI*4-Co** mixture In pyridine and Kd| and

Cdls-KI complex etc.can bo easily suppressed and that too

with small quantity of CTKAB < Table 2 ),

( 111 ) Tha behaviour of non-ionic surfactants as maximum

suppressors Is not different from that of eationLo

surfactants although in a few cases (e.g.the maxima of

Si**,Oo**aad Pb**) lesser quantity of the surfactant is
required. Furthermorefthe non-ionic surfactants have an

extra advantage of not undergoing chemical interaction

with the depolariser. It has been observed that Cdla-KI

complex-maximum is easily suppressed with non-ionie

surfactants whereas precipitation of the depolariser tskei

place on adding CTKAB and CPB,

The non-ionic surfactants differ among theaselves



in their suppressive action. For example,the

suppression point (M.8.P.) values of Jonidet P40 and

Honex 601 are such lower (order 10** gms/l.) than I.DC and

Monidet P42 (order 10*a gas/1*) . The non-ionio surfactants,

as far as their efficacy as maximum suppressors is

concerned,follow the ordert

Ifonex 601 ^ ftonidet P40 » Nonidet P42 > LDC.

This specificity is also shown by cationic surfact

ants. It may thus be seen that small amount of CTMAB can

suppress the maximum of Nl*4- Co*4 mixture in pyridine and

KCI while CPB is quite la-effective la this case. On the

other hand,the maximum increases progressively with the

gradual addition of the CPB (Flg.44),

The aaionie surfactants (13,26) show little capability

to suppress the negative maxima which are easily suppressed

by non-Ionic and cationic surfactants. It may be due to

the fact that adsorption of anionic surfactants on the

d,m.«. is almost absent at such negative potentials.

M ld& S0»,J1IQ;1

The amount of the non-ionic and cationic surfactants

require*} to suppress the maximum follow the normal behaviour

with respect to Ejy2 and the e*c*s«* la cases,llke the

reduction of the copper biuret complex, the amount of

either of the surfactants required for suppressing the

maximum Is very small since the £^,-0.50 volt, is very
close to the e.c.s.value of -0.65 volt in KOH. In a similar

41
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maanor,for loas showing positive maxlaa,the M.S.P.values

are aaallor,higher the half wave potential. Thus for

Pb ,Cu-glycinate and ■•♦ lons,wlth £wg values equal to
-0.40,-0.30 and -0.15 volts respectively, the order of the

quantity of the maximum suppressor required is 0**> Cu

glyclaate > Pb**.

ton-ionic surfactants and cationic surfactants are

not influenced by the pH of the solution. The amount of

these surfactants required to suppress the maximum at

pH 12.0 (Cu-biuret complex) is almost the same as at

el 5,15 (Pb**) . On the other handfthe anionic surfactant
required with Cu-biuret is larger than Pb** in £80*,
although both show a positive maxima.

BaWCTIOB OF U**IN KC1Q« |8J PHOSPHORIC ACID.
U* gives reduction waves with pronounced maximum

In phosphoric acid and XC10». Gelatin, evea la small

quantity, (0.001& distorts the polarographie wave and

evea changes its character from the reversible to the

irreversible one. Higher concentration of the supporting

electrolyte ( >1K KdOa) no doubt helps in suppressing

the maximum but the appearance of second maximum in its

place makes the polarographie analysis all the more

difficult. On the other hand the non-ionic and cationic

surfactants,not only suppress the maximum of U** completely

but do so with dilute solutions (0.05JQ of the supporting

electrolyte. It is observed that addition of 0.008$ of
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Monldet P40 is enough to suppress the maximum without

bringing any distortion or irreversibility in the polaro

graphie wave. The B^ and id values also do not change,

EFFECT OF SURFACTANTS ON J^Jg MiLlfl.
Addition of maxima suppressors in excess to the

requisite amount brings about either a decrease of id or

shift in Sj/2 or both. The surfactants employed here have
^ot the extra advantage over the existing one that such

insidious effect are not observed with them. The only

exception is «DC which changes the Bjy2 and shape of
current-voltage curves greatly when used to suppress the

maximum of Hi**. Very high concealrations of CTMAB were

found to decrease the limiting current of most of the

d©polariters*

BLSOlBDCAPlULAKi CURVES.

Fig. (46) gives the result of the variation of drop

tiaa concentration of Monidet P42 from+O.i to -1,2 volt

(with reference to oaloaol electrode) • Curve A la Fig. (45)

shows the relationship between the electrode potential

and the drop time la 0,1 I KCI solution. The curve is

symmetrical and parabolic,showing specifically no adsorpt-

ioa oa the mercury surface. However,with the gradual

additioa of Nonidet P42 (and so also with the other two

non-ionic surfactants) ,electro-capillary sero shifts

towards the more positive potential (Fig.48,Curve A to H) •

Curves B to H show the effect of gradual addition of

Rettdet P42 on drop time within the potential range

+0.1 to -1.2 voit. The curve no more remains symmetrical
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and the eiectrocapiiiary aero shifts towards aore positive

poteatlal. The shape of those curves also points towards

the desorption in the region where the curves aorgo with

the normal one (Curve A). Similar behaviour is observed

with the other two surfactants tfonex 501 and Nonidet P40.

The shift in the eiectrocapiiiary aero towards the

positive potential by the addition of non-ionic surfactants

needs a little elaboration since ionic surfactants are

only known to effect such a change. The peculiar behaviour

shown by the non-ionic surfactants uader investigation

can be explained In the light of the model proposed by

Barradas and Kimmerle (29) for multilayer adsorption of

Triton X-100, Triton X-306 and similar compounds.

According to them the first adsorbed layer of the

non-ionic surfactant exterds its contracted "aig sag'*

hydrophllle portions towards the solution. A second layer

is than assumed to form by Intramolecular hydrogen bonding

between another parrendicular array of surfactant

molecules, and a third layer is formed by Vender WaalU

attractive forces between similar non-polar 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 mieellar

structures of these surfactant molecules are hydrated (10).

Flg.49 shows the variation of drop titse with the
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increasing concentration of CTKAB In the potential range

+0*1 to -1*2 volt* Here too a shift la potential towards

the more positive side aocompalaed by the merger with

the original symmetrical curve Is observed. The shift la

potential Is,however,not so marked as in the ease of non-

ionic surfactants* From this it may be concluded that

the non-lonlc suxfacta ts are more strongly adsorbed at

the mercury-solution interface thaa the cationic surfact*

ants*

An altogether different behaviour is observed ia

the caso of LDC where a marked decrease la drop tlas

takes place on both the aides of eiectrocapiiiary aero

and the top of the eiectrocapiiiary curve starts gradually

flattening with the addition of the surfactant without

bringing about a shift la e.c.a.. The aerger with the

normal curve (desorption) , however,takes place at the

negative side of the e*e*s** The behaviour is similar to

that observed for non-electrolytes e.g.,amy1 alcohol,by

Fruakin (47) , and for anionic surfactants by Taamakashi

(26),

The eiectrocapiiiary curves in presence of

different surfaotanta discussed above explain the effect

iveness of non-ionic and cationic surfactants as maximum

suppressors. &ith anionic surfaotanta and ^DC,the amount

of surfactant,required to sup res* the maximum la auch

larger than the non-ionic and cationic surfactants. This
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is evident from the fact that portions without shift la

e.ex.,indicating small adsorption of the surfactant

are realised with U>C while In the case of non-Ionic

and cationic surfactants marked shifts in e.o.s* are

observed due to largo adsorption of the surfactant.

The experimental observation that lesser amount

of the non-lonio surfactants is required la eomparlslon

to cationic surfactants also finds support from the

eiectrocapiiiary curves. With non-lonlc surfactants the

shift in e.o.s* Is froa -0.55 volt to -0.1°volt while in

cationic surfactant the shift Is relatively small,that

la,from -0.65 volt to -0.26 volt. This provides an

indirect proof of the fact that non-lonio surfactants are

adsorbed more than the cationic ones. The former would

thus be required In a leaser quantity than the latter in

suppreaslng the polarographie maximum.

The shape of the eiectrocapiiiary curves besides

giving information of fundamental Importance regarding

the interfaclal foroea acting at the d.m.e.,aleo explain

why non-ionic and oationic surfactants are better maximum

suppressors than anionic soaps.

Both the surfactants bring about a marked lowering

in the drop time(and so also the Interfaclal tension).

This lowering,however,is greater with son-ionic surfact

ants in the entire potential range fO.i to -1.2 volt).

lice the Igentlig la Intatfacial to.ision results in
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adsorption,it may bo safely concluded that the non-ionic

surfactants are adsorbed more thaa the oatloalc oaes. This

explaias the efficacy of those surfactants as maximum

suppressors provided we assume that this phenomena takes

place by allowing the adsorption of the surfactant in

preference to the depolariser. Cinoe non-ionic surfactants

are adsorbed more,these surfactants can be used with

greater advantage than the catloaio oaes la eliminating

the maxima. The relative merits of the two types of

surfaetants aa maximum suppressors is thus self explanatory.

To conclude it aay be said that although no

forthright mechanism regarding the influence of the surface

active agents on the electrode processes at the d.m.e.can

be put forward,a few interesting facts emerged out on the

basis of the experimental results discussed above*

Firstly,a close relationship exists between the

electrode process and the adsorption phenomena of the

surfactants. Secoadly,tho structure of the electrical

double layer formed Immediately adjacent to the electrode

surface Is of great significance in controlling the mechaa-

lsa ofelectrode reaction. The polarographie maxima is

suppressed with the concoatratioa of surfactants about

80 or 100 times smaller thaa that Juat sufficient to impair

the kinetics of electrode process. However,factors like

the drop tlae and the activity and diffusion coefficient
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of the surfaetants cannot be overlooked while dlseusslag

the influence ot the surfactants as the maximum suppressors

or as agents infiuenciag shape and poaition of electro-

capillary curve.
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o*a.o.of non-ionic surfactants by polarographie,electro*

capillary and spectrophotoaetric measurements.
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A kaowlodgo of the critical micelle coaoeatratioa

of surfactants Is essential in order to understand their

physico-chemical behaviour. Many properties like the

change in thermodynamic functions at the aloelllsatlon

point| the nature of surface tension vs.concentration

curvef the partition equilibrium between the bulk and the

surface} the effect of additives on the surface activity

of surfaotanta etc.can bo explained satisfactorily on the

basis of c.SB. c.data.

Although evidence regarding the formation of aggrega

tes or micelles through association of aaphipathle molecules

is available from different sources,controversy exists

about the size and shape of these micelles. According to

MeBaln (1) ,any combination of molecules or Ions that causes

a reduction in the free energy of the system can exist in

a stable fora. Stauff (2) has also discussed quantitatively

the possibility of the existence of thermodynaaieally

stable associated colloids. Other workers who have put

forward plausible mechanism of micelle formation are,

Debye,Reich,Kushner (3-6).

Abrupt change in a particular property of the

surfactant over a narrow range of concentration is observed

during micelle formation. This change can be followed by a

auaber of experiaental techniques thereby providing means

for determining the c.m.c. The techniques or physieo-
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chemical methods employed areielectrical conductance

(6,7) transference number (8), dialysis (12) ,electrophoretle

mobility (13) ,freeslng point (14) ,solubUity (16) ,e*m*f*

(16), light scattering (17-18) etc**

From the existing literature it is seen that above

methods have not found general applicability for non-ionic

surfactants* It may be due to the following reasons (D the

hydrophilic portion of non-ionics is much larger than the

hydrophobic portion la comparisioa to the ionic surfactants}

(11) unlike the ionic surfactants,non-ionics have negative

solubility coefficients,known as clouding phenomena and

(ill) the absence of electrie charge on the aleelle* An

attempt was,therefore,made to find suitable methods for

determining the c*m*c* of non-ionic surfactants with fairly

high accuracy*

Before Introducing the subject matter of this

aspect of the problem, it wiU be worthwhile to survey

briefly the literature on the c.m.c. of non-ionic

surfactants. Not only that a dear understanding about

the micelles of non-ionic surfactants is iacklng,the

convenient determination of c.buc. of these surfactants

Is a problem by Itself. Commonly used methods are surface

tension (19-20) , viscosity (21) measurements. According

to MoUliet and CoUle (22) **zu> suitable dyestuffs have

as yet been found which show sufficient alteration in

spectrum by non-lonie surface active agents to render
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thoa suitable indicators*'. Boss and Olivier (23) selected

Iodine aa a good indicator for this purpose while bensopur-

purla 4B was used by Martin and Steading (24) « This method

was applied with considerable success by Becher (25) in

determinlxg the e.m.o« of polyoxyethylene -23- lauryl

alcohol. Kushner and Hubbard (26) failed to get evidence

for micelle formation in Triton X-100 hy light scattering

measurements. The only reference worth-mentioning is the

work of Collchman (27) and Tamaaushi et.al (28) on

polarographie maximum suppressioa method to determine the

polarographie micelle point (PHP) of the above surfactants.

The polarographie method nas also not been extensively

employed to determine the c.m.c.of surfactants. Recently

Malik and coworkers (29) have employed this method in

determining the c.m.c. values of a number of Ionic agents

vls*,alkyl aryl sulphonates,dodecyl pyridinium bromide and

lsothiourea dodecyi hydrobromide. Uttle attempt has beea

made to apply this method to non-ionic surfactants.

The present chapter described with the use of

polarographie method in determining the cm.c.values of

some non-Ionic surfoctants,like,lauric acid dlethaaolamlno

condensate (LDC) ,Nonex 301,Monldet P40 and Noaldet P42.

The method besides offering a new electro-chemical approach

to the c*m*e* determination of non-ionic surfaetants has

the extra advantage of being used to study the effect of

different electrolytes on the c.m.c. The cm*c.values
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thus obtained are compared with those obtained by iodine

solubilisation,spectral dye and eiectrocapiiiary curves

methods.
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BW 9f §WU«.

Solutions of surface active agents (LDC,Nonldet P40,

Noaidet P42 and Nonex 501) and metal salts were prepared

as described in Chapter I.

Polarographie measurements wore also carried out

as givea la Chapter I.

The determination of polarographie micelle concentre*

tions was made froa the ratio ljaaxiaaa/iairfu,ion *°* the
noa-lonle surfactants under reference. The data of Chapter

I wore used to know the above ratio. The results la

presence of different supporting electrolytes are

in the following tables!



Tsblo I.

57

1

Coacentratioa

( x 10** gaa/l.)

0 8, I ,D £ T P40

log concentration 1,/ia for Pb**
( KNOs).

0.30
1.16
1.64
1,90
2.86
3.00
3*64

—3.0969
•8.9355
•2.3125
-2.7216
-2.6459
—2.5229
•2.4389

1.17
1.14
1.18
1.10
1.07
1.03
1.00

Flg.l(a).

Table 2.

Concentration

( x 10** gas/1.)

• IMItMi

log concentration l»/id for Ni**
( KCI )

0.30
1*60
2*00
2*32
3.08
3.80
5.80
6.60

•>

•3.0969
•2.7959
•2.6990
-2.6345
-2.5115
•2.4202
•2.ZcnO

•2.1305

1.75
1.67
1.52
1.41
1.89
1.19
1.07
1.00

Fl *.2(a)

Table 3.

Concentn

( x 10-*

| 0 P40

la/Id *°* (Cdlaf*ition

gms/l.)
log concentration

0.80
1.54
2.26
3,00
3.64
4.30
4.91
5.50
6.10

-3.0969
•2.8125
•2.6469
•2.6229
•2.4339
-2.3666
•2.3090
-2.2597
-2.2147

1.46
1.37
1.3
1*25
1*14
1*10
1.05
1.01
1.00

Flg.4(a)
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Table 4.

Concentration

( x 10*» gas/1.)

NONIDET P40

log coacentratioa Vid for <***
( KCI ).

1.64
3.00
3.64
4.30
4.91
8.10
5.67
8#2©

-2.3125
-2.6229
-2.4389
—8.3666
•2.3090
•2.2147
•2.1769
•2.0336

ill?
1.81
1.18
1.18

1.06
1.00

Fig. 5 (a)

Table 5.

Coacentratioa

( x 10** gmsA.)

NONIDET P40

log concentration V*d fe*
Ni44. Co44
(KCI • pyridine)

1.60
3.03
4.50
6.00
<3*60

11.00
13.30
15.5

•2.7959
-8.6116
-2.3468
•2.2219

-2.0658
—1.9686
•1.3762
•1*3097

3.12
3.01
2.76
2.66

2.46
1.63
1.48
1.00

Flg.7 (b)

Table 6.

Coacentratioa

( x 10*» gmsA.)

NONIDET P40

log concentration la/14 for Cu«
biuret (pH 12.0)

0.40
0.80
1.60
2.32
3.03
4.60
5.20

•3.3930
-3.0969
-2.7959
-2.6346
•2.5115
•2.3468
•2.2840

1.50
1*41
1*31
1*26
1*18
1*08
1*00

. ^-^a)
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Table 7.

Concentration

< x 10** gms/l.)

I0IXII1 P40

log concentration

glycinate(KlvOs)

0.30
1.60
BmHI
3.30
4.60
6.00
7. 28
3.60

•3.0969
-2.7959
•2.6345
-2.4202
—2.3463
-2.2219
•2.1379
•2.0655

3.51
2.52
1.31
1.33
1.32
1.16
1.03
I. 00

Flg.6 (a)

Table 3.

Concentration

< x 10*8 3bs/1.)

8 0 11 I D £ T P40

log concentration

(KC10*-phosj>horic
acid).

0.40
0.30
1.60
2.32
3.08
3.30
4.50
5.20

-3.3930
•3.0969
-2.7959
—2.6345
-2.5115
•2.4202
•2.3463
—2.2340

1.70
1.68
1.48
1.36
1.24
1.19
1.07
1.00

PlgTI <b)
Table 9.

Concentration

( x W* jas/1.)

O.dO
1.20
1.60
2.32
3.03
~. 30

N 0 N £ X 501

log concentration

-3.0968
-2.9203
-2.7968
-2.6345
-2.5115
-2.4208

Flg.l (b)

(KNO*)

i. y
1.07
1.06
1.04
1.02
1.00

for nr
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Concentration

( x 10** gms/l*)

NONEX 501

log concentration lIg/id for Ni44
(KCI)

0*80
1*60
2*32
2.70
3.03
3.30
4.60
6.20

-3.0969
-2.7959
-2.6345
—2.5638
-2.5115
-2.4202
.9 saaa

-2.2340

1.70
1.46
1.83
1.23
1.18
1.08
1.01
1.00

?i*.3 (a)

Table 11.

Concentration

( x 10-» gasA.)

NONEX 501

log concentration is/1d for to**
(KCi)

0.30
1.60

3.08
3.30
4.50
6.00
6.60

•3.0969
•2.7959
•2*6346
•2*6116
•2*4202
—2*3468
-2.2219
—3.1305

1.30
1.60
1.61
1.36
1. ol

1.17
1.06
1.00

Fig. 3 (b)

Table 12.

Concentration

( x 10** gms/l.)

80HIX 601

log concentration Vld *>r
( Cdla,—

0.40
0.30
1.60
2.32
3.03
4.50
6.00
7.23

-3.3930
•3.0969
•2.7989
•2.6345
-2.6115
•2.3463
-2.2218
-2.1379

1.55
1.60
1.30
1.13
1.12
1.03
1.04
1.00

Fig. 8 (a)
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Table 13.

Concentration

( x 10*8 gms/l.)

:i 0 8 E X 501

log concentration ij/l^ for Cu-
bluret(pH 12.0)

0.40
0.30
1.20
1.60
2.32
3.03
3.80
4.50

-3.3930
-3.0969
-2.9208
•2.7959
-2.6346
-2.5115
•2.4202
-2.3463

i.4i
1.34
1.30
1.23
1.17
1.11
1.05
1.00

Fig.9 (b)

Table 14.

Concentration

( x 10** ga»/i.)

8 0 8 S X 501

log eonoontratioa ls/*d 'op Cu*
glyolnate(KNOa)

0.80
1.60
2.00

2.70
3.46
4.50
6.00

-3.0969
-2.7969
•2.6990
•2.6345
aav£^ SucfA

-2.4622
•2.3463
-2.2219

2.70
1.90
1.78
1.54
1.39
1.26
1.16
1.00

Fig. 6 (b)

Table 15.

Concentration

( x 10*8 gas/l.)

NONEX 501

log concentration lB/ld for U*4
(KdOa-phosphorlc

acid).

0.40
0.30
1.60
2.00
2.32

-3.3930
-3.0969
•2.7969
•2.6990
•2.6345

1.56
1.45
1.15
1.03
1.00

Fig. 10 (a).



Table 16.
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Concentration

( x 10*8 gas/l.)

N 0 .1 £ X 501

log concentration iB/ld for Ni^-Co44
(KCl-pyridine) •

0.30
1.60
2.32
3.08
5.20
6.60
8.60

-3.0969
-2.7959
•2.6346
-2.6115
-2.2340
•2.1806
-2.0655

2.76
2.55
2.47
2.34
1.84
1.34
1.00

Fig. 7 (a)

Table 17.

Concentration

( x 10*8 sasA.)

NONIDET P42

log concentration 1^/1^ for Pb*4
( KNOa)

2.0
4*0
7* 34

11*6
15.4

•2.6990
•2.3930
-2.1057
•1.9366
-1.3125

1.09
1.08
1.07
1.03
1.00

Fig.l (e)

Table 13.

Concentration

( x 10*8 gas/l*)

NONIDET P42

log concentration iB/id for CO44(KCI)

C6"'
6*0
7.84

11.60
15.40
19.00
22.60

"' ••Uttao*"*^pr ^.^ppr ^w^^

-2.2219
-2.1057
-1.9366
-1.3126
-1.7215
•1.6468

1.38
1.78
1.62
1.17
1.10
1.04
1.00

Fig. 6 (b)



Concentration

( x 10*8 gas/l.)

4.0
6.0
7.34

11.60
15.40
19.00
22.60

Concentration

( x 10*8 gas/l.)

4.00

7.34
10.00
11.60
15.40
19.00
28.00

Concentration

( x 10*8 gmsA.)

TabX»-19.

NONIDET

log concentration

•2,3930
-2.2219
-2.1057
—1.9366
•1.3126
-1.7216
•l.<

Fig. 5 (b)

Table 20.

NONIDET P42

log concentration

•2.39800
OSjQat Sln&J

•2.0000
•1.9366
•1.3125
-1.7215
•1.6469

Fig. 4 (b) .

Table 21.

NONIDET P42

log concentration

2.00 •2.6990
4.00 •2.3930
7.3ft •2.1057

11.60 •1.9366
15.40 •1.3126
19.00 •1.7216
22.60 •1.6459

Fig.9 (e)
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ly^ for CO^CKCD

L, P8
1.72
1.52
1.17
1.10
1.04
1.00

l/lf (Cdla)*

1.45
1.32
1.20
1.13
1.07
1.03
1.00

i^/ij for Cu-bluret
(pH 12.00).

1.55
1.40
1.26
1.13
l.U
1.04
1.00



Coacentratioa

( x 10*8 gms/l.)

Concentratloa

( x 10*8 gos/1.)

4.00
6.00
7.84
8.76
11.60
15.40
19,00

Concentration

( x 10*8 gas/l.)

7.34
16.40
22.60
30.00
36.40
60.00
61.00
66.00
72.00

Table 22.

8 0 N I D S T P42

log concentration

•2.3930

•1.9366
•1.3126
•1.6459
•1.5360
•1.6229

Fig. 6 (o)

Table 23*

NONIDET P42

log concentratIon

•2.3980
•2.2210
•2.1057
•2.0166
•1*9366
•1.S125
-1.7215

Fig.10 (b)

Table 24.

NONIDET P42

-a/1* for Ctt*
glyoinate(KNOs)

3.41
1.67
um
1*18
1*10
1.^

64

1^^ for U^Nxcis-
phosphoric acid*

1.60
1.43
1.42
1.38
1.88
1.05
1.00

log concentration i^^ for Nl44-^
(KCl-pyrldiao)

2.65

2.66
2.56
2*16
1.40
1.30
1.15
I. 00

•2.1C57
•1.3125
•1.6468
•1.5289
•1.4389
-1.3010
-1.2147
-1.1106
-1.1427

rig.u



Concentration

( x 10*8 gas/l.)

0.72
1.45
2.90
3.62
4.36
8.30

Table 25.

L.D.C.

log concentration

•3.1397
•2.3336
•2.5376
•2.4413
•2.3615
-2.

65

la/ld for PbH
(KNOt)

1.61
1.40
1.11
1.03
1.05
I. 00

2.90
5.80
3.70

11.60
14.50
17.40
20.30

FlfaUi

Table 26.

Concentration

( x 10*8 gms/l.)

M* 0. w>«

log oonoentratloa lB/id for
Ni** (KCI)

.2.5376

.2.2366

.2.0606

.1.9366
•1. 33;-J6
.1.7696
.1.6925

1.36
1.31

1*10
1.07
1.03
1.00

Concentratloa

( x W« gas/l.)

7.
14.50
17.40
20.30
83.20
86,10

nga (a>

Table 27*

L.D. C.

log concentration

-2.1397 1.43
•1.3336 1.11
•1.7695 1.05
—1.6925 1.03
•1.6346 1.02
•1.6334 1.00

Flg.13 (b).

(XCl)



Coacentratioa

( x 10*8gas/l.)

14,60
21.75
29.00
43.50
60,76
53.00

eonoontratioa

( x 10*8 gas/l.)

3.62
7.26

10.87
14.60
26.37
29,00

Coacentratioa

( x 10*8 gmsA,)

2.90
6.80
3.70

11,60
14,50
17.40

Table 23,

L.D.C,

log concentration

•w, GWsSO

•0,6636
-0,5376
•0,3615
•0,2946
•0,3366

Fig,16,

Table J

L.0.C,

log concentration

•2,4413
•2.1397
-1,9636
•1,8386
•1.6960
•1.5376

5.14 (a)

Table 30.

ot: if.

i|/id for Nl
alxture in
pyridine.

1.63
1.48
1.41
1.14
1.03
1.00

66

,♦♦ ->♦

V1*" for CdI*'

2.12
1.54
1.37
1.27
1.09
1.00

log concentration *•/** f°r C**

•2.5376

-2.0606
•1.9355
•1.3338
•1.7595

saaaaaasaaaasaaaasj

Fig.15.

biuret.

1.36
1.32
1.17
1.12
1.07
1.00
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XI1010 i51.

LDC

Cone.

(xlO*8 sjaVas]

log cone. l/ld for

Cu-glycinate (KNOa)

2* 47V •2.5376 1*60

5.80 •2.2366 U48

7.26 •2.1397 1.37

10.16 •1,9936 1.23

17.40 •1,7696 1,15

20,30 •1.6986 1.11

aaaeaj .avar •1.6884 1.00

Fig. 14 b.
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faftftDifla^sffiioj BY, W7- • - -^i.i^gic: m^od.

PWmiT9« P? aaaUaaaaUatt

Tha solutions of non-ionic surface active agents

under Investigation were prepared as already described.

The stock solution of iodine (A) was prepared by

dissolving 100 ag. In one litre.

Absorption measurements were made by Bausch and

Zrfusb *spectroalo 20*.

PiffC^Pfli.

The stock solution of non-ionic surfactant (B) whose

c.a«c. was to be determined,contained a known concentration

of the surfactant well above its c.o,c 3y diluting the

fixed amount of iodine solution (A) with the different

amounts of surfactant (B) a wide range of concentratlone

of surfactant for carrying out spectral studies was aade

available. This procedure helped in fixing aa appropriate

range of concentration to work with. The spectrophotometer

readings wore best made with solution A as the standard for

100$ transmittance.

The spectrophotoaetric measurements were aade at

a 360 mu (iodine micelle complex maximum ). It was always

found advisable to record the readings within an hour of

the preparation of solution,because of a slow fading of

colour of iodine-micelle complex.
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Table 32.

Differential absorbence measurements of Nonldet P40,

Noaex 501 and Nonldet P42 at different concentrations In

presence of Iodine solutioa at 360 am,

Cone.
........ SB

of
ictaat
;loa

Differential absorbence
surfi
soiut Noaldet P40 Nonex 601 Noaldet P42

(xlO"'8gas/l.)

0,0002.0 0,000

3.0 0,000 0.000
I

4.0 0,000 0,010 0,010

6.0 0.010 0,080 0.000

8.0 0,010 0,160 0.010

10.0 0.010 0,230 0.020

14.0 0.076 0,350 0.030

13.0 0,130 0,430 0,040

20.0 0.260 0,600 0.060

26.0 0.470 0,760 0,070

30.0 0.640 0,300 0.080

36*0 • • 0.086

40.0 we> OiA/ • 0.160

60.0 • • 0,320

60.0 • • 0.460

75.0
•

• 0.700

Fig.17 Curve a.
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Table 33,

Differential absorbence measurements of uDC at difforeat

concentrations in presence of Iodine solution at 360 an.

Differential absorbence.

Cone.of surfactant
solution

LDC

( x 10*8 gas/l.)

0.330 0,010

0,680 0,010

0.770 0,016

0.970 0,080

1,160 0,025

1.560 0,040

2,300 0,106

2,800 0.121

3,500 0,150

s>. y«iU 0.170

4,200 0,190

4,70 0,210

Fig. 18



71

0,0,0,0^8^^1 ION BY BPaCTBAj. DYB IPjfflqp.

JfBaTAMTION OF SOLDTXOSB

The solutions of non-ionic surface active agents

were prepared as described previously.

Bensopurpurin 4B was a 3DH product. The stock

solution of the dye was prepared of the concentration

1Q*8!! by dissolving 0.0072 gsuln 100 nl..

APPARAIOB.

Absorption measurements were carried out by a

Bausch and Loab 'Bpeetroalo 20'.

The fixed amount cf the dye ( 10*8M ) was mixed

with the different amounts of the non-ionic surfactant

solution whose cm.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 c.m.c. were obtained.

The spectrophotoaetric measurements were made at

a wavelength of 510 mu,uslng one centimeter cell,after

half aa hour of the mixing of the mixture.
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Table 34.

Differential absorption measurements of Noaldet P40 and
Noaex 601 at different concentrations in presence of
beosopurpurin 4B solution at 610 mn.

Cone,of surfactant
aolu*<rtn

Differential absorbence

( X 10*8 gasA.) Nonldet P40 Nonex 501

1.0 o 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 o.oio 0.088

10,0 ^e^a e^a^n* 0.040

14.0 0.036 0.060

16.0 0.060 0,070

last a 0.082

20,0 0.066 0.086

24,0 0.080 0.104

28.0 o.ioo 0.130

Fig. 19 Curve
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Table 35,

Differential absorbence aeasureaents of Noaldet P42

at different concentrations in presence of bensopurpurin

4B at 510 an,

Differential absorbenoe

Cono.of surfactant Baaidet P48
solutioa

( x 10** gms/l,)

8,0 0,000

16.0 0.000

20.0 0,000

23.0 0.006

32,0 0.01©

36.0 0.010

40.0 0.030

60,0 0,046

50,0 0,050

80.0 0.070

100.0 0.100

• minim in i » i mmmmmmmmmmmimmmmmmmmmmmmmmt 1

Fig. 20
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c«H.j.Piafcrqg..'Aiio» m ^/jtibocafi^abv, Cu;;ras method.

APPARATUS AND PROCEDORE.

The apparatus and procedure used in drop tlae

aeasureaents were the same as described in Chapter I.

The drop time wae plotted against log.concentration

of the surfactants at various potentials. In order to

locate the c.m.e. point,the portion of the curves

(Flgs.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

curve was taken as cm.c.value.
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U.ffS AiQ DISCUSS \W

The plots between l^jtt^u/idtffusion and lof
concentration of the surfactant can be used to determine

the two polarographie characterstics of the surfactantsv

•is,gpolarographie micella point (P.M.P,) and maximum

suppression point (M.S.P.), The former Is obtained from

the point where the first discontinuity appears in the

curve while the latter Is determined by extrapolating the

<mrv# to lmaxi»a/idlffusion * U Th* **** °° th* M#S'P#
and P.K.P. values obtained from the respective curves of

the surfactants,are summarised in the following tablest



)

•«< \*}4

Table 1*

*M9*M PviyftViPtfaPt) HUH A
W \n thence, of 'Vficrm

Ion or
studied*

(order 10*g gms/l.)
501 Nonldet P40 Ifonidet P42 LDC

Pb •£!»» 2.32 1,90

Si^-Sa 2.32 2.32

Co^-KCl 2.32 3.64

at^-oo** 3.ao a.eo
mixture In jyr-
ldine acid KCI.

CdlfKI 2.32 3.00
complex.

Cu-bluret 3.08 1.60
complex.

Cu*glyoine 2.70 3.80
complex in
KSOs.

U**->KC10* and 0.80 3.80
phosphoric
acid.

7*81

15.40

U.60

30.00

U.60

U.60

15.40

7.84

2.80

11.54

17.37

280.00

7.25

a.70

5.80

76
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Table 2.

Rut^rtiftlon ^•^TleMvf vf.PMW*
\*4<rm\

ffyppor

Ion or Sonex 801 Nonidet P40 Nonidet P48 LDC

complex (3£l0w*gms/D (xlO**gms/D (xl0*»gms/l) (xlO^gms/D

Pb -KSOs 3.80

Ki**-KCl 6.20

Oo •KCI 6.60

Cdlg-KI 8.60
complex.

Cu-biuret 4.50

Cu-glyclne 6.00
in KKOs

Bl^-Co4* 8.60
mixture

U^-KClOs 2.32

3.64

6.60

.-•

6.10

5.20

8.60

15.50

5.20

15.40 5.80

22.60 20.30

22.60 26.10

22.60 28.00

22.60 17.40

30.00 86.10

72.00 580.00

18.00 m

from the foregoing tablestit may be seen that the

P.M.P.values differ very little from each other irrespective

of the cations used. With the exception of Si**- Commixture

in pyridine and KCl9where a large amount of the surfactants

is required to suppress the maximum,the P.M.P.values range

within narrow limits. The values range between 0.8 to

3.08 x 10** gms/l.| 1.60 to 3.80 x 10** gms/l. and 7-84 to

15.4 x 10** gms/l. for Monex 5019 Nonldet P40 and Kcaldet

P42 respectively. Similar behaviour is observed with LDC,
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inspite of the fact that LDC is not so effective surfactant

for the maximum suppression as the other three. Like the

cations of the depolariser,the anions of the supporting

electrolytes do not affect the P.M.P. values of the

non-ionic surfactants. The ?H of the medium also does not

markedly influence the P.M.P. values. It is thus seen

that the P.M.P. values obtained in the higher pH ranges,

pH 10.0 and 12.0 for Cu-glycine, Cu-biuret complexes are

not far removed from the values obtained with metals in

the lower pH range.

The P.M.P. values of anionic surfactants are,

however,greatly influenced by pH as observed by Malik

et.al. (30) In the ease of alkyl aryl sulphonates.

The P.M.P. and M.S.P. values can both be correlated

to the c.suc. of the surfactants although It is usual to

donate it with the former. In either case,however,the

values are much lower than those obtained by the iodine

solubUlxatlon,spectral dye and surface tension methods

(3D which incidently,compare favourably with each other

and give concentration values in the same range. Buch a

dlscrepency is likely to occur since the Ions of the

depolariser and the supporting electrolytes influence

the water structure.

a eomparlslon of the cauc. values of non-ionic

surfactants with those of the ionic ones (fable 3)

found previously (32) reveal that the former has got
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smaller cm.c.values than the latter. This difference may

be attributed to the several factors,vls«,(D greater

hydration of the non-ionised polar groups,(il) greater

tendency of non-ionic groups to associate because of lack

of electrical charge,(Hi) absence of geggenlons in non-

ionic surfactants*

Table 3?

»i4oM« jrorfftgtyftf torn
it•*V£FrTn\W**nT7TPTP'tT*WTO"

Method ( x 10~» gms/l.)
SPSA ST8A SXSA

mmmmmmmmj mm) ,mu jmmm 1 mmmmjmma, mmmmejmmamjmmmnmmmmm] mmmj—mm. M •MMBMBmmmjmg mm in «-t in.mmm • mg -i -i-rr-rn

Polarographie method

( lfi**in 0.1K KCI). 3.60 21.80 17.00

fH-aetric method
without electrolyte) 6.10 7.10 9.40

Conduetometrie method
(without electrolyte) 13.00 WtM 25.10

*******mmmmmmm*mmmmmmmmmmim*mmm»iim^ m i*ejjjmmmmmmmmmmjmmmmmnmmm| mmmmjmoi mmmjmmmj mmmmmmmmmmmmmjmmmjmmmmjmm)

Cm. e.values ( x 10**M) given In ref.32
were converted in ( x 10"* gms/l.) •

s> from ref.32.

The low c.m.c. values for non-ionic surfactants

find support in the words of Fowkes (33) who said "one

might also note that for micelles of equal aggregation

number,tvlce as jaany ionic particles are required to make

up a micelle and the tendency to form miceUes Is proport

ional to the square of the concentration of ionic detergents
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but only to the first power of the concentration of non-

ionic agent* *•

As already stated another new approach can be made

to determine the csuc. of surfactants In presence of salts

of alkali metals (used as supporting electrolytes in

polarographie work ) by studying their electrocapiUary

curves*

Figs. (21-23) depict the drop time log concentration

curves in the potential range (-0.2 to -1.0 volt). These

curves show an initial slow change followed by a sharp

decrease in drop time until a concentration 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 concentration

can be taken as the point of incipient mlceUe formation*

The results for the three surfactants are given in Table (4) •

Table 4*

MfflUvg Ajuajjaalmmm *£ .non-lonAc surfatfyrtf tkWL
•»«A}»"];V*RT'H*'C"",,> Vrmmjr^nrr

Method ( x 10 •gms/l.)

!ionid«t P40 Honex 501 Nonidet P42 LDC

Sleetrocapillary
curves method in
O.llf KCI. 7.60

Iodine solubili
zation method in
water. 12.00

*Surface tension. 12.50

S8I8SE1 *• *.no
Polarographie
method.

(Hi**in 0.1H KCI) 0.36

4.70

4.80

6.20

3.00

0.23

13.80

35.00

39.30

36.00

1.16

"*from ref. 31. £4 77<?
•.' -«w Mftuty wim&rylf

KOORKEg,

0.116

1*160

L.o4
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Unlike the polarographie method,the c.m.c.values

determined by this method compare favourably with those

obtained by Iodine solubUixatlon,spectral dye and

surface tension methods. The small dlscrepency may be

attributed to the presence of the electrolytes.

The Importance of eiectrocapiiiary curves method

is all the more realised when dealing with non-ionic

surfactants which have low c*ta*e*values. With ionic

surfactants,other methods oan be applied,since their

cm* c*values are quite high and small deviation would

not effect the accuracy of the results. The polarographie

method may,therefore, be quite useful in determining

the c.m*c.of ionic surfactants but fail to give reliable

data in the ease of non-ionic surfactants* In such cases

the eiectrocapiiiary curves method wiU prove to be the

most suitable one.

••oo—



82

|UUUUL1ILILSA.S

1. MeBein,J.W., M Frontiers in Colloid Chemistry*»,p.l44,
Sew York, Inter Science Publisher!?, 1949.

2. Stauff,J., Kollold-Z, J^g ,79 ( 1€52 )•

3. Debye,P., J.Phys.Chem. Jj2 el ( ^949 )•

4. Reich,!., J.Fhys. Chem. J$ ,257 ( 1866 ).

6. Kushner, L.M., Hubbard,W.D. and Doan, A.S.,J.Phys.
:hea* ii ,371 ( 1957 ) .

6. Valton,H.F., Hiebeit,£.N. and Scholtes, E.B., J.Colloid
Sci, i f385 ( 1946 ) •

7. Lin,¥«, BuU.Chem.Soc. Japan* £§ ,227 ( 1956 )•

3. Hartley,3.S., Celiie,B. and Samis,C.S., Trans.Faraday
roc. J2g ,796 ( 1936 ) •

9. Addison,C.C. and Elliott,T.A., J.Chem.£oc. p.3103
( 1950 ) .

10. Thlele, H., KoUold-2. H2 t*.S6 ( 1949 )•

11. Wright,K.A. and Tartar, H.V., J.Amer.Chem.Soc. 6J ,
544 ( 1939 ) .

12. Tang, J.T. and Foster, J.F., Phys.Chem* S3. »«28 ( 1953 )

13. stigter.D. and Mysels, K.J., J.Phys.Chem. jgg ,45
( 1955).

14. Gonlek,£. and MeBaln, J.W., J.Amer.CheauCoc. 6J& ,334
( 1947 ) .

15. Murray,H.C. and Hartley,3,8. Trans.Faraday Foe. j& ,
183 ( 1935 ) •

16. McBain,J.W. and wuilans,R.C.f J.Am.Chem. See. JJg ,
2250 ( 1933 ).

17. PhUlips,J. I. and Mysels, K.J., J.Phys.Chem. Jg ,
326 ( 1955 ) •

18. Hakagaw»,T.. tolfssM, a»^ TmcsjjJ, at* 0yama,T.t
Chem. Sec. Japan. Jg ,348 ( 1968 ) ( In Papanese ) •



83

19. Shlnoda,K«9 ~iamanaka,T» and Kinoahita.X., J.Phys.Chem.
J§2 ,643 ( 1959 ) •

20. Bury,C.R. and Browning,J., Trans.Faraday roc. ,49. ,
209 ( 1953 ) •

21. Oreenwald, n. L. and Brownf0.U, J.Phys.Chem. £$ ,825
( 1954).

22. MoUllet.J.L. and Collie,B., •• Surface Activity**
D.Van r^oetrend Co., Inc., New York, K.X. p.50 ( 1951 )•

23. Ross,S, and Oiliver, J.P., J.Phys.Chem* j§3. ,1671
( 1959 ) .

24. Martin, J.T. and Itending.K.A., J.Textlle Inst. jSkQ t
T 689 I 1949 ).

25. Becher,P., J.Phys.Chem. 66,374 ( 1968).

26. Xushner.L.**. and Hubbard,W.D.f J.Phys.Chem. £8 ,1163
( 1954 ) .

27. Collchman,2,.L., J.Amer.Chea.Soc* jJ2 ,4036 ( 1950 )•

28. Tamamushl,H. and Tamanaka,!.Bull.Chem,roc. Japan^gg ,
673 ( 1955 ) .

29. Malik,W.U. and Haque,E., Ind.J.Chem.Soc. 2 ,35 ( 1964 )•

30. Malik, .U., Haque,R., 2.fur Anal.Chem. 425 ( 1961 )•

31. Mallk,vi.O., and Saleem.f.M. ( Unpublished data).

32. Malik.W.U. and Verma.S.P., J.I.C.5., H ,817 ( 1964).

33. iowkes, F.M., Discuss Ion In J.Phys.Chem. j§3. ,1674
( 1989 )•



UAAJULP «*

Spectrophotometry of dye-surfactant mixtures.
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k.t£A.°-®JLQJJL\JLn

The interaction of surface active agents with other

substances,both colloidal and non-coUoidal in nature,has

been studied to establish certain characteristics peculiar

to the surface active agents and to extend the domain of

their applications. Proteins (1-4) , nucleic acid (5),

polymers (6-7) , organic dyes (8) ,hydrophobie sols (8,10) ,

metals in their simple (11) and eossplex 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 since

investigations on them would pose aggregatlonal problems

of great eosaplexlty. Nevertheless,the researches carried

out by Hartley (13) and few others (14-17) have proved

to be quite useful In determining the c.m.e.of the

surfactants and In ascertaining the structural changes

taking place In the dyes due to their association with

surface active substances.

Another interesting feature of the Interatlon of

surfactants and dyes is the existence of •metachromacy* ,a

term introduced by Lison (18) and Holmes (19) to explain

the changes in colour of dUute 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 obeying

Beer*s law can be very well studied on the basis of this

property. Recently Collchman (20) had carried out

investigations on the variations In the optical density

of the acidic and basic 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 rlekol BX on the colorImetric

determination of pH*

Attention to another Interesting aspect of

surfactant-dye lnteractlon,vls.,formation of surfactant-

dye complex,was drawn by Hlskey and Downey (22) ,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,eetyl trimethyl ammonlum-bromophenoi

blue complexes. Hlskey and Downey (22) studied speotro-

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 association reaction between the

quaternary ammonium salt and the basic form of methyl

orange. Hayashl (23) has studied the Interaction of

congo red with Tween-80 and eetyl 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 surfactant-dye co-aplexes were forthcoming

in a few cases,the 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 work (24,25) could only throw light

on the mechanism of InteractIon,their latter approach was

quantitative and dealt with the binding of the various

surfactants with acid and basic dyes. To Increase the

domain of our knowledge on the quantitative aspect of

surfactant-dye interaction,lt was considered vorthwhUo

to carry out investigations with several surfactant-dye

combinations* The Investigations described In this

chapter giving the extent of blndlng,also throw some light

on the structural changes accompanying surfactant-dye

interaction*

The Investigations described in the chapter deal

with the foUowlng Interactions!

(1) Eosanlllne hydrochloride and dodeeane sulphonle
acid*

(11) Bosanlline hydrochloride and dioctyl sodium sulpho
succinate*

(ill) Malachite green and dodeeane sulphonle acid.

(lv) Malachite green and dioctyl sodium sulpho
succinate.
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(v) Hhodamlne 60 and dodeeane sulphonle acid,

(vi) Hhodamlne 60 and dioctyl sodium sulpho succinate,

(vi!) Congo red and eetyl trimethyl ammonium bromide*

(viil) Congo red and eetyl pyridinium bromide.
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EJL'JLVJL^-WA.1'

PB8FARATI0H OF DODgCAJg SOLPBOiaC ACIPl(C,sH.e80att.

Dodeeane sulphonle acid was prepared by the method

recommended by Holler and Gordon (26) In the laboratory.

A solution of 0.2 mole of dodeeane mercapton in

200 ml.of 96* alcohol was added slowly,wlth rapid stirring

to a solution of 150 gsulead acetate In 200 ml.of 50*

alcohol. The mercaptlde precipitated out as a light canary

yellow salt. This was fUtered with suction and washed

twice with water and once with acetone and dried. She dry

powdered salt was added In small proportions,to 60£ nitric

add. A white salt settled to the bottom of the flask.

After all the mercaptlde has been added to the mixture,

lt was allowed to stand for an hour,dlluted with cold water

and filtered with 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 crystalline product was separated out.

Dry Hd gas was Introduced Into the suspension of

lead lauryl sulphonate in ieopropyl alcohol. After complete

decomposition,the lead chloride was filtered on to a

sintered glass filter.

The solvent was further evaporated under vacuum

distillation. Viscous solution was dissolved In the freshly

dlstUled ether (150 ml.) and mixed with water and
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thoroughly shaken. The aqueous solution was then drawn

from the separating funnel and evaporated at reduced

pressure over anhydrous CaCls and then finally over PaOa*

The final product was a white crystalline solid

(m.p. 40*0.

•sssMfltt*

Rosaniiine hydrochloride,malachite green,

rhodasdne 60,congo red used In these investigations were

BDH products.

Other surfactants,vlz.,dioctyl sodium sulpho

succinate (Manoxl OT) ,cetyl trimethyl ammonium bromide

(CTMAB) and eetyl pyridinium bromide (CPB) were BDH

products and were used without further purification.

Stock solutions of anionic surfaetants were prepared of

the concentration 1*0 x 10~*M while those of eationic

surfactants and dyes were of the concentrations

1.0 x 10**M, in doubly distilled water.

Walpole (pH 2.0, 4.6 ), Mcllvalne ( 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

surface active agents were observed!

(1) in acedio and neutral media, the colour of rosaniiine

hydrochloride changed from red to radish violet in
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presence of dodeeane sulphonle sold and Manoxol 0T|(11)

the colour of malachite green changed from bluish green

to dark green In presence of dodeeane sulphonle acid and

Manoxol OT Irrespective of the pH of the medium.)(11!) the

colour of rhodamlne 63 changed from yellowish red to red

in presence of dodeeane sulphonle acid and Manoxol OT

irrespective of the pH of the medlumf (iv) the colour of

congo T9d changed from bluish violet to orange in acidic

medium (pH 2.0) ,red to orange In neutral (pH 7.0) and

redlsh orange to orange In alkaline media ( pH 9.12 ) In

presence of CPB and CTMAB.

In the vicinity 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 surfactant.

AJPPAHATT)C.

A Bausch and Lomb *Spectronlc 20* was used for

the absorption measurements. The molar extinction

coefficients were calculated from the relationship

€ » ( 1/od) logi. Io/I

pH-measurements were made with a Cambridge

Bench-Type pH meter.

FORMULA USttJ.

Klotx (2$ studied epectrojhotometrieally the

Interaction of proteins with organic anions. The
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The concentrations of the unbound dye were calculated

using the formula

^f -*»

where «.._„- is the apparent molar extinction coefficient,
app. *

^0 molar extinction coefficient of the bound dye, ^f

molar extinction coefficient of the free dye and «c is the

fraction of the free dye.

The validity of this equation was extended to

surfactant-dye interaction.

PROCEDURE,

The absorption of the following sets of the

mixtures was measured In order to determine the binding

of dyes with surfactants.

(1) Solutions of varying concentrations of the dyes

( 0.1,0.2,....* 0*6 ml.of 10**M )| made up to 15.0 ml.

with the buffers alone.

(ii) A known and constant amount of the dye ♦ 3.0 ml.of

buffer solution of requisite pH ♦ varying amount of

surfactant solution ( 0.0,0.2,0.3,0.4,0.6,0.3,1.0 ........

5.0 ml.of 10** M )f total volume made up to 15.0 ml. with

water.

A period of about one hour was aUowed in each

ease to attain equilibrium.

The same procedure was adopted in the case of add

dye and cationic surfactants combinations.
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Set I and Set II were employed to determine ^ *>

and ^.s. respectively in Klotssequation. The method
•pp.

used by Malik and Verma ( 25 ) to determine <• b was

considered to give dubious results on the binding of dye

with surfaetants since 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 10~*M of malachite green or

rhodamine 60 was completely bound with 6.0 x 10~*M of

alkyl aryl sulphonates ( 8P8AtSTSAf8XSA ). Their results on

binding determined by substituting the value of *D in the

Klotssequation,however,showed a sufficient amount of the

free dye left in the solution in the high concentration of

the surfactants ( 10**K ). The following modified procedure

was,therefore,employed in determining the extent 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 0T or dodeeane sulphonle acid (08)

the absorbence did not Increase further by the addition of

further amount of the surfactant. The plots between

absorbence and surfactant concentration give curves

(Figs.2-19) in which the absorbenoe first increases and

then becomes constant giving the flat portion of the curve.

Extrapolating the flat portion of the curve to the aero
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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 ^b can be determined.
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Dodeeane sulphonle add (OS) •malachite green.

Table 1.

Absorption spectra of 2.00 x 10**11 malachite green in presence of
different concentrations of DS (order 10**M ) at pH 2.00

mmmm*m» • .iiiiiimwhiiw wmmmmM* m n »v.mmmm mmm<miinm»imm umim «imim>mm^mmmmltm..*mwm'mmn^, mm ••jwi^wiih—«• •mihi»'iwhh» «•—••-»—.•• i»i.«imi.»»ntm..*, iWi .mi—

Wavelength AllslllllI
lnaB123456739

3.34 5*34 6.67 8.00 10.00 13.84 16*67 20.00 26.67
610 0.31 0.40 0.47 0.54 0.65 0.72 0.74 0.75 0.76
680 0.30 0.39 0.52 0.57 0.72 0.84 0.83 0,88 0.86
688 0.88 0.38 0.82 0.64 0.76 0.88 0.87 0.87 0.86
630 0.26 0.38 0.43 0.56 0.71 0.82 0.84 0,85 0.81

mmmmmmmsmmmmmmmmmmmmmmmmmm^ I sjmj mmmmmmmmmemj mmmmjam|mmmmmmmmjmmnmmmmm^

Table 2.

Absorption spectra of 2.67 x 10**1! malachite green in presence

of different concentrations of DS ( order 10*4M) at pH 7.00.

Viavelength A B S 0 i! B E U E

ln,"**123466789
3.34 6.34 6.67 10.00 13.34 16,67 20.00 26.67 33.34

mmmmm»i^m*m*mmmmmmm*mmmmmMtm*m*,»\m»mtmm,immi*.mmm»m*i * sg mmmmmmmmmmmmmjmmmmmmmmmmmmmss^^

610 0.53 0.75 0.32 0.97 1.04 1.09 1.03 i.U 1.12
680 0.60 0.81 0.91 1.12 1.28 1.28 1.30 1.30 1.30
688 0.57 0.88 0.98 1.11 1.22 1.28 1.32 1.30 1.38
680 0.53 0.69 0.88 1.02 1.15 1,23 1.34 1.24 1,23

Tabled.

Absorption spectra of 2,00 x 10~*K malachite green in presence of
different concentration of DS ( order 10**19 at pH 9,18,

wavelength ABSORB 8 80S
in sat 18 3466789

3,84 6,67 10,00 13.34 16,67 20,00 26,67 33,34 40,00
mmmmm*mmm**mii*mmmmmmm>mimmmmmmMmmmim *•—•—•>*— mi | i i mm u ——I I i —•* >—I

610 0.18 0,26 0.30 0.37 0.43 0.45 0.48 0.60 0.50
630 0.17 0.29 0.36 0.43 0,47 0,58 0.54 0.60 0.60
688 0.16 0.29 0.37 0.44 0.49 0.58 0.57 0.61 0.61
630 0.13 0.27 0.33 0.42 0.47 0.52 0.52 0.58 0.58
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Dioctyl sodium sulpho succinate(Manox4 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.

Wave
length
in mu* 1 8

1*34 3.34

ABSORBENCE

3 4 6 6 7 8 9

6.67 10.00 13.34 20.00 26.67 33.34 40.00

610

630

0.890
0.320
0.260
0.240

0.410
0.420
0.430
0.365

0.660
0.705
0.730
0.670

0,750
0.310
0.360
0.730

0.800
0.385
0.390
0.830

0.860
0.920
0.960
0,390

0,865
0,920
0,960
0.905

0.376 0.886
0*930 0.960
0.965 0.990
0.986 0.950

Table 5.

Absorption spectra of 4.00 x 10**M malachite green in pr999aa9
of different concentrations of Manoxl 0T (order 10**M) at pH 7.00

Wave- ABSORBS MCE
length
in mu* 1 2 3 4 6 6 7 8

1.34 3.34 5*34 6.67 10.00 13.34 16.67 20.00

610
680
688

0.860 1.000 1.250 1.350 1.470 1.510
0.830 1.015 1.335 1.375 1.555 1.685
0.880 1.030 1.410 1.455 1.570 1.630
0.620 0.630 0.830 0.980 1.040 1.070

1.515 1.615
1.590 1.600
1.630 1.636
1.095 1.075

Table 6.

Absorption spectra of 3.34 x 10**M malachite green in presence of
different concentrations of Manoxl 0T (order 10**M) at pH 9.12.

Wave- ABSORBS UC I
length
In rau. 1 2 3 4 6 6 7 89

1.34 3.34 6.67 10.00 13.34 20.00 26.67 33.34 40.C

0.280 0.355 0.580
0.235 0.310 0.486
0.200 0.235 0.450

630 0.170 0.260 0.370

0.600 0.640
0.640 0.670
0.615 0.696
0.570 0.626

0.670 0.680
0.786 0.780
0.745 0.735
0.650 0.706

—

0.695 0.70C
0.780 0.73!
0.810 0.82C
0.735 0.745



96

Dodeeane sulphonle acid (DS) -rhodamine 60.

Table 7*

Absorption spectra of 1.34 x 10**K rhodamine 60 in presence of
different concentrations of DS (order 10**M> at pH 2.00.

Wave- ABSORBS MCE
length
in mu. 1 2 3 4 6 6 7 3

3.34 6.67 3.00 10.00 13.34 16.67 20.00 26.67

510 0.660 0.530 0.560
0.748 0.645 0.670
0.640 0.696 0,740

540 0,340 0,450 0.520

0.530 0.716 0.710 0.686 0.666
0.690 0.770 0.780 0.786 0.780
0.768 0.320 0.880 0.396 0.900
0.560 0.590 0.630 0.595 0.560

Table 3.

Absorption spectra of 1,34 x 10**11 rhodamine 60 in presence of
different concentratlone of DS (order 10**M) at pH 7.00.

Wave
length,
in mu. 18 3

3.34 6.34 6.67

llllllllfll

4 6 6 7

3.00 10.00 13.34 16.67

8 9

20.00 26.67

510 0.630 0.640 0.650 0.670 0*630 0*690 0.706 0.725 0.725
580 0.670 0.700 0.725 0.750 0.765 0.790 0,300 0.820 0,820
680 0.630 0.710 0.765 0.300 0.820 0,840 0,345 0,360 0,350
540 0.585 0.630 0.695 0.720 0,740 0,760 0*765 0,765 0.730

Table 9.

Absorption spectra of 2.00 x 10**M rhodamine 60 in presence of
different concentrations of DS (order 10**M) at pH 9.12,

Wave
length
in mu. 1

4.00
8

6.00

A

a
. 3.00

BS0RBESCE

4 8 6

10.00 12.00 14.00
7

16.00
8 9

20.00 24.00

510 0.975
680 1.150
580 0.900
540 0.560

0.930
1.115
1.020
0.688

0*900
1*100
1*100
0.765

0,830 0.860 0.890
1.140 1.205 1.300
1.250 1.350 1.410
0.790 0.310 0.376

0.900
1.350
1.430
0.900

0.876 0.876
1.350 1.350
1.450 1.450
0.320 0.330
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Dioctyl sodium sulpho-suocinate(Manox4 OT)-rhodamine 60.
Table 10.

Absorption spectra of 1.34 x 10**M rhodamine 60 in presence of
different concentrations of Manoxl OT (order 10~*M) at pH 2.00.

v-ave* A B 1 6 ITS £ Id"!
length
In mu. 1 8 3 4 6 6 7 6 9

3.34 5.34 6.67 3.00 10.00 lu.34 16.67 20.00 26.67

510 0.33 0.47 0.515 0.500 0.496 0.510 0.510 0.506 0.490

580 0.50 0.53 0.630 0.645 0.650 0.666 0.650 0.660 0.676
530 0.43 0.70 0.770 0.730 0.800 0.880 0.336 0.360 0.386
840 0.42 0.64 0.630 0.740 0.750 0.780 0.790 0.300 0.880

Table U.

Absorption spectra of 2.00 x 10**M rhodamine 60 in presence of
different concentrations of Manoxl 01(order 10**M) at ;H 7.00.

Wave- ABSORBS MCE
length
in mu. 1 2 3 4 5 6 7 8 9

3.34 5.34 6.67 3.00 10.00 13.34 16.67 20.00 26.67

610 0.720 0.766 0.300 0.366 0.395 0.94 0.93 0.92 0.915
580 0.876 0.930 0.965 1.088 1.070 1.14 1.14 1.15 1.160
530 0.780 0.870 0.990 1.060 1.130 1.19 1.21 1.88 1.280
540 0.525 0.660 0.705 0.735 0.795 0.30 0.88 0.88 0.825

Table 12.

Absorption spectra of 1.34 x 10**H rhodamine 60 In presence of
different concentrstlons of Manoxl OT(order 10**M) at pH 9.12.

Wave- t B S 0 a a 8 if C E

length
in mu. 1 2 9 4 5 6 7 8 8

3.34 6.67 3.00 10.00 13.34 16.67 80.00 26.67 33.34

510 0.425 0.435 0.566 0.59 0.620 0.630 C.640 0*640 0.640

580 0.430 0.436 0.580 0.66 0.725 0.750 0.760 0*765 0.760

530 0.400 0.570 0.640 0.69 0.770 0.780 0.790 0*380 0.330

540 0.380 0.426 0.546 0.56 0.546 0.580 0.580 0.576 0.530
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Dodeeane sulphonle acid(DS)-rosaniiine hydrochloride*

Table 13.

Absorption spectra of 2.00 x 10**M rosaniiine hydrochloride In
presence of different concentrations of DS(order 10**10 at pH 2*00

Wave
length
in mu.1

1.34
8

A B 9 0 R

3 4
5.34 6.67

i t 86

6
10.00

1 E

6

13.34

7 1
16.67 20.00

9
29.67

535 0.380

846 0.396
680 0.320
576 0.289

0.330

0.410
0.350
0.380

0.470

0.500
0.460
0.340

0.565

0.600
0.560
0.460

0.730

0.300
0.350
0.765

0.300

0.920
0.936
0.900

0.325 0.790

0.940 0.965
1.066 1.060
1.026 1.030

0.790
0.970
1.060
1.020

Table 14.

Absorption spectra of 1.34 x 10"% rosaniiine hydrochloride In
presence of different concentrations of DS(order 10*4M) at pH 4.60,

Wave- A B S 0 R b e n C E

*. . » w*4

in mu.1 2 3 4 6 ' 6 7 8 8
3.34 6.67 10.00 13.34 16,67 20.00 26*67 33*34 40*00

886 0.90 0.86 1.05 1.88 1,36 1.36 1.34 1.33 1*35
588 0.97 0.82 1.15 1.86 1.31 1*36 1*39 1*40 1*41
545 0.84 0.74 1.19 1.29 1.36 1*48 1*46 1*43 1*49
660 0.78 0.68 1.06 1.88 1.30 1*33 1.36 1.38 1*33

Table 15*

Absorption spectra of 1,34 x 10**M rosaniiine hydrochloride in
presence of different concentrations of D£(order 10"*M) at pH 7*00,

Wave- aBSORBENCB
length
In mu.1 83 466738

~.34 6.67 3.00 10.00 12.00 13.34 16.67 20*00 26*67

isr 0.680 0,920 6.9^6 1*025 1.015 1.000 6.996 1.606 l.T>25
638 0.696 0.940 1.010 1*180 1.140 1.135 1.196 1.205 1*210

546 0.650 0.960 1.060 1*150 1.2P0 UlAG 1.260 1.250 1*260
560 0,690 0,740 0*790 0.300 0.330 0.345 0.350 0.345 0*880



Dioctyl sodium sulpho succinate (Manoxl OT)-rosaniiine
hydrochloride.
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Table 16.

Absorption spectra of 2.67 x 10**K rosaniiine hydrochloride In
presence of different concentrations of Manoxl OT(order 10***M)
at pH 2*00.

Wave
length
in mu.1

1*34
8

3*34

A B S

3
6.67

CUBE

4
10.00

8 6 8

6
13*34

6 7
20.00 26.67

8 9
33.34 40.00

686 0.700
546 0*730
580 0*660
576 0.530

1*040

1*055
1.000
0.330

1.165"
1.200
1.U0
0.370

1* <s4v
1*225
0.980

1.140
1*290
1.270
1.010

1.200 1.220
1.356 1.360
1.340 1.386
1.075 1.090

1.230 1*340
1*360 1*360
1*440 1*450
1*130 1*130

Table 17.

Absorption spectra of 1.34 x 10**M rosaniiine hydrochloride
In presence of different concentrations of Manomi 0T(order

10**M) at 6fl 4.60*

Wave- A B 1 0 R B E n C E

length
In isp. 1 2 3 4 5 6 7 3 9

2*67 5*34 6*67 3*00 10.00 13*34 16.67 20*00 26.67

525 0*600 0*765 1*045 1*100 1.155 1*220 1.265 1*266 1.255

535 0,660 0*320 1*110 1.220 1.330 1*430 1.460 1.470 1.430
545 0.610 0*730 1.140 1.230 1*390 1*505 1*550 1*550 1.660
560 0*550 0*650 0*810 0.940 1*000 0.990 0*990 0.980 1*020

Table 13.

Absorption spectra of 1.34 x 10~*M rosaniiine hydrochloride In
presence of different concentrations of Manoxl OT(order 10**M)
at pH 7.00.
——— • I •— '• • •Il» • • " "

Wave- ABSORBENCE
length
In mu.1 2346 6789

3.34 6.67 10.00 13.34 16.67 20.00 26.67 33.34 40.00

525
536
545
66C

0.950 0.995 1*040
0*960 1*035 1.150
0.390 1*015 1*150
0.700 0.310 0.330

1*090
1*210
1.236
0.920

1.140
1.290
1.355
0.850

1.240
1*420
1.475
0.970

1.270
1.450
1.520
1.000

1.275
1.450
1.540
1.000

1.276
1.460
1*540
1*010
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Cetyl trimethyl ammonium bromide (CTMAB) -oongo red*

Table 19.
'

Absorption spectra of 3.34 x 10**M congo red in presence of

different concentrations of CTMAB (order 10**M) at pH 2.00.

Wave ABS0
length
In mu. 1 8 3 4 6 6 7 8 8

1.34 2,67 3,34 5.34 6.67 10,00 13.34 16.67 20.00

426 0.40 0*42 0.43 0.46 0.45 0,49 0.46 0.60 0.51
450 0.46 0.51 0.88 0.65 0.64 0.67 0.62 0.70 0.70
460 0.43 0*57 0.60 0.71 0.69 0.70 0.65 0.72 0.72
430 0.53 0,67 0.63 0.79 0.76 0,68 0.63 0.70 0.71
500 0*53 0,56 0.63 0.73 0.73 0,67 0.57 0,63 0.64
586 0*61 0,56 0.62 0.64 0.53 0,53 0.50 0,55 0.56
660 0*62 0,55 0.54 0.46 0*39 0,36 0.88 0,31 o.ai
560 0*63 0,54 0.50 0*36 0*29 0,22 0.19 0,17 0.17
530 0.60 0*50 0,43 0.84 0.16 0.10 0.06 0,05 0.06
600 0,54 0*48 0.38 0.13 0.10 0.07 0.04 0,03 0.03

Table 20.

Absorption spectra of 3.34 x 10**M oongo red in presence of

different concentrations of CTMAB (order 10**M) at pH 7.00.

Wave A B 8 0
length
In mu. 1 2 3 4 6 6 7 d^ 9

1*34 2*67 3.34 4.67 5.34 6,67 10.00 13,34 20.00

426 0*69 0*60 0.66 0.52 0.50 pptn. 0.51 0,54 0.55
460 0*96 0*33 0.30 0.76 0.72 0.69 0,72 0.74
460 1*05 1*02 0,93 0.36 0.30 0.74 0,78 0.77
470 1*11 1.07 0,99 0.91 0.84 0.76 0,77 0.79
430 1*12 1.09 1.00 0,92 0,84 0.75 0.76 0.77
490 1.07 1.00 0,91 0,34 0,30 0.74 0.75 0.76
500 0*96 0.37 0.77 0,76 0.70 0.72 0.72 0.70
526 0*66 0.53 0.54 8*88 0.51 0.60 0.64 0.63

Fig. 22,
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Tsble 21.

Absorption spectra of 3.34 x 10**M eongo red in presence of
different concentrations of CTMAB ( order 10**M) at pH 9.12.

Wave A B S 0 8 B E MCE
length
In mu, 1 8 3 4 5 6 7 3 9

1,34 2.00 2,67 3.34 5.34 6.67 10.00 20.00 36.67

425 0.53 0,53 0*45 0.48 pptn. pptn. 0.40 0.43 0.47
460 0,32 0,77 0.70 0.70 0.63 0.66 0.68
460 0,92 0,88 0.30 0.78 0.72 0.73 0.73
470 0,99 0.39 0.34 0.38 0.76 0.77 0.76
480 1,00 0,91 0.35 0.82 0.74 0.76 0.76
490 0,98 0*90 0.33 0.74 0.68 0.74 0.70
500 0,39 0,86 0.76 0.63 0.86 0.68 0.65
525 0,63 0,60 0.53 0.41 0.50 0.50 0.49

Fig. 23.

Cetyl pyridinium bromide (CPB) -oongo red.
Table 82.

Absorption spectra of 2.00 x 10**M in presence of different
concentrations of CPB (order 10**M) at pH 2.00.

Wave A B S ORB L N C £

length
In mu, 1 8 3 4 6 6 7 8 8

0.67 1.34 2.01 2,67 3.34 4,02 5.34 6.67 10.00

450 0.24 0.26 0,30 0,33 0.36 0.37 0.33 0.33 0.33
460 0,88 0,27 0,32 0.37 0.38 0,38 0*39 0.40 0.41
430 0.26 0.88 0,31 0,33 0,38 0.36 0,35 0.36 0.36
800 0.30 0.29 0,29 0,31 0.89 0.36 0.27 0,23 0.26
680 0,34 0.30 0.23 0,27 0.83 0.21 0.19 0.19 0.18
540 0,37 0,31 0,26 0,23 0.19 0.17 0.14 0.14 0.14
880 0,39 0.32 0,28 0,18 0.13 0.10 0*03 0.07 0.07
680 0,37 0.30 0,22 0,13 0,09 0*05 0.04 0.03 0.03
600 0.33 0.28 0,17 0,09 0,07 0*04 0.02 0.02 0.02
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Table 23.

Absorption spectra of 2*67 x 10*M congo red in presence of

different concentrations of CPB (order 10~*M) at pH 7*00*

Wave
•

A B S 0 R B E C E
length
in mu* 1 8 3 4 5 6 7 8 9

1*34 2.67 3,34 4*67 8*84 6.67 10.00 13,34 20*00

488 0.50 0.47 0.43 0.40 pptn. pptn. 0.36 0,33 0*33
460 0,66 0*63 0.60 0.56 0.53 0,52 0*52
460 0*74 0.70 0.67 0.63 0.56 0.55 0.56
470 0*79 0.74 0.72 0.66 0.54 0.63 0.53
430 0.31 0.77 0*73 0.96 0.51 0.50 0.50
490 0.79 0.74 0.72 0.61 0.47 0,45 0.45
600 0.75 0.72 0.67 0.54 0.41 0,38 0*38
525 0.48 0,42 0*40 0.35 0.27 0*23 0.23

Fig* 24*

Table 24*

Absorption spectra of 2.67 x 10**M congo red In presence of

different concentrations of CPB (order 10**M) at pH 9.12*

Wave A B 6 9 811
length
in mu. 1 2 3 4 6 6 7 3 9

1.34 2.67 3,34 4,67 5.34 6,67 10,00 13.34 20.00

426 0*42
450 0.62

0,41 0,38 0,27 pptn. pptn. 0,33 0.36 0.40
0.61 0,53 0,40 0,50 0.51 0.56

460 0,69 0,66 0,56 0,41 0,52 0.54 0.58
470 0,74 0,72 0,59 0,42 0,50 0.62 0.57
430 0,76 0,72 0,61 0,43 0.45 0.47 0.51
490 0,75 0.69 0,57 0*35 0.40 0.42 0.46
600 0.72 0.62 0,62 0*31 0.34 0.33 0.39
625 0.54 0,43 0,33 0*20 0.86 0,23 0.23

Fig,26,
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luspar Am discuss ip.^

the result* of the absorption studies on surfaotant*

dye mixtures carried out at different pHa are summarised

in Tablet ( Ml). From the data.it can be seen that the

absorbence peak is shifted towards the higher wavelength

la presence of as low as 6.67 x 10**M of tiie surfactantt

the shifts being from 610 to 625 mp for malachite green,
520 to 530 mu for rhodasiine 60 and 585 to 546 mu for

rosaniiine hydrochloride. In all eases,the shift was

Independent of pEfexcept for rosaniiine hydrochloride where

a shift from 345 to 560 mu waa observed at pH 2.0 while

it was 536 to 645 mu at pH 4,6 and 7,0. It was further

observed that the absorbenoe value got Increased in

presence of surfactants Irrespective of the fact whether

measurements were earried out at dye maxima or the shifted

wavelength.

Another Interesting observation was that a larger

quantities of these surfactants In comp&rlsloa to the

alkyl aryl sulfonates ( 25 ) were required to shift the

dye maxima ( Table 1 ),Thls may be due to the lower c,m*c*

values of the latter (order lO^^M) than for ths former

where lt was found to be of the order 10**X(Table 46),
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The spectral shift in the dye maxima offersthe

following possibilities of Intermolecular and Intra*

molecular changes!

(1) Molecular rearrangement of the dye molecule
owing to the change in the pH of the solution.

(ii) Disturbance In the monomer-polymer equilibrium
of the dye*

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

Bach of the above possibilities can be resolved as

follows t

1. In order to know the molecular state of the dye In

the solution,the absorption of the dyes wss studied over

a concentration range ( 0.0 to 4.0 x 10"*M ) in which the

interaction with the surfaetants was to be studied

(Fig. 1 a,l b ). Beer Umbert'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 whether intramolecular rearrange

ment In the dye molecules takes piece,absorption were

carried out in different buffer media ( pH 2*0,4*6,7*0,

8.12 ). 8o ahlft In maxima was observed confirming

thereby that pH variation did not bring about molecular

rearrangement In the dyes under Investigation*

3* Absorption measurements carried out In presence of

surfactants at the shifted wave lengths ( 626 mu,530mu

and 645 mu for malachite green,rhodamlne 60 and roaanillne
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'sTTSsK*! L\iV>4.rTBiTr-r?r^y7?casny-fw
acid (DS)

Table 1.

id Manoxl OT required to

Dye Shift In
maxima

PH DS

Dye cone. stent Dye cone. Curfactant
mu. cone. cone.

(xl0~*M) (xlO**M) (*10~*H) (x!0**M)

( 2,00 2.00 6.67 4,00 1,34
Malachite 610-628 < 7.00 2.67 5.34 4,00 3,34

green. ( 8,12 2.00 6.67 3,34 10.00

520-530
( 2,00 1,34 6.67 1.34 3.34

Rhodamine \ 7.00 1.34 5.34 2.00 6.67
60. 9,12 2,00 10.00 1.84 10.00

545-560 2,00 2.00 10.00 2.67 40.00

Rosaniiine
hydrochloride.

535-545 4,60 1.34 6.67 1.34 6.67
535-545 7.00 1.34 6.67 1.34 13,34

<T5

>*&•
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hydrochloride respectively ) showed larger Increase In

absorbence In the Initial stages (Flgs.86-43 ) • The

Increase in absorbence was more marked In the ease of

rosaniiine hydrochloride and malachite green than in the

ease of rhodamine 60.

The above data could,therefore,indicate a possible

interaction of the dyes with the surfactant molecules,

probably in the form of soluble complexes. At higher

concentrations of the surfactant,no further Increase In

absorbence or a new shift In maxima was observed. These

results went to show that the complete binding of the

dye molecule with the surfactant took place after a

certain concentration of the latter was reached. The

levelling off points in the plots between absorbence and

surfactant concentration would correspond to the complete

extraction of the dye Into the surfactant micelle

(Figs.2-18 ), It was further observed that the varying

concentration 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 pH

of the solution. For example, lt was observed that a

lesser quantity of the anionic surfactants was required

to shift the dye maxima of malachite green and rhodamine

60 in the aeedle medium than that required in alkaline
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media. This behaviour was,however,reversed in the case

of rosaniiine hydrochloride where large quantity of

the surfactant was required at low pH values.

The experimental results of the spectrophotometrlc

studies thus provide evidence for the formation of a

dye-sunactant complex. These observations are In quite

agreement with the earlier reported investigations ( 86 )

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 little

influence on the surfactant-dye Interaction,

The absorption data besides providing evidence

for surfactant-dye interaction can be profitably employed

to calculate the extent of binding. Applying Kioto's

formula, the following results were obtained.



Dodeeane sulphonle acid-malachite green.

Table 2.

Calculation of binding at pH 2.00

1C8

Dye concentrotion*2, 00 x 10 **I ^14500 tb«37500

Cone.of D8 Absorbenoe lmm^ s| Cone.of Cone.of
( x 10**M) -SjP)>l.

free dye bound dye
(xio**io (xlO**M)

o.oe 0*306 18880 0.97 1.94 0.06
5.34 0.400 20000 0.78 1.62 0.48
6.67 0.470 83600 0.69 1.38 0.88
8.00 0.640 87000 0.48 0.92 1.08

10.00 0.650 88600 0.88 0.44 1.88
13.34 0,720 36000 0.07 0*14 1*86
16.67 0.745 37200 0.01 0.02 1*88
20.00 0.760 37500 0.00 0.00 2.00
26.87 0.756 37760 0.00 0.00 2.00

Fig.3 (a)

Table 3.

tf • 14600 eb- 88880

Dye concentration 2.67 x 10**M

Gone*of DS Absorbenoe L m «c Cone,of Cone.of
(X10**K) v«pj?

free dye

(xlO*»M)
bound dye

(xlO**M)

3.34 0.41 5.84 %m 0.11
6.34 0.58 18470 0.78 2,08 0.68
6.67 0.58 21780 0.68 "8) *WP

10.00 0.76 88460 0.38 iloi*WtJf ^«» 1.66
13.34 0.87 32530 0.80 0.88 2,14
16.67 0.84 35210 0.08 0.21 2,46
20.00 0.87 36330 0,02 0,06 2,62
26.67 0.888 86890 0.00 0.00 2.67
33*34 0.866 36890 0.00 0.00 2.67

Fig. 8 (b).
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Table 4.

Calculation of binding at pB 7.00

Dye concentration • 2.00 x 10** X ^21000 y 42600

Cone.of DS Absorbence ^ « Cone.of Cone.of

(xlO**K)
^•FF free dye bound dye

(xl0**M) (xlO**M)

3.34 0*466 23280 0.90 1.80 0.20

6.84 0*680 31000 0.84 1.08 0*92

6.67 0.670 33500 0.48 0.84 1*16
10.00 0.760 37600 0.88 0.48 1*54

13*34 0.780 39500 0*14 0*88 1.72
18.67 0,810 40600 0.10 0.20 1.80
80.00 0.840 42000 0.02 0.04 1.96

86.87 0.360 48600 0.00 0.00 2.00

33*94 0.860 48600 0.00 0.00 2.00

n E«i (ti .

Table 5.

Dye concentration « 2.67 x 10**M £f«21000 £p» 41570

Concof DS

(xlO**M)
Absorbence

£app
Concof
free dye

(xlO~*M)

Cone.of
bound dye

(x!0**M)

3.34 0.880 21720 0.96 2*56 0.11

5.34 0.780 28090 0*66 1.74 0.93

6.67 0*820 30710 0*58 1*41 1.86
10.00 0*970 36330 0.28 0.67 8.00

13.34 1.040 39140 0.17 0*45 2.82

18.67 1*080 39700 0*12 0,32 2,35

80.00 1.080 40460 0*05 0,13 8.84

88.87 1*110 41670 0.00 0.00 2.67

83.34 1.U0 41670 0.00 0.00 2.67

L..3 m •



Table 6.

Calculation of binding ot pH 9.12

110

Hy9 concentration » 2.00 X 10^M tf»8860 eD» 25C•8

Cone.of DS Absorbenoe «c Concof Concof

(xlO**M>
^app.

free dye

(xl0***6

1*90

bound dye

(xlO'*M)

3.34 0.180 9000 0*95 0.10
6.67 0.260 13000 0.72 1.44 0.56

10*00 0.300 16000 0*60 1.20 0.80
13.34 0.375 17780 0*43 0.88 1.14
16.67 0*430 21600 0*21 0.42 1.68
80.00 0*450 22600 0.15 0.30 1.70
26.67 0*480 24000 0.06 0.12
33.34 0.600 26000 0.00 0.00 2,00
40.00 0*500 26000 0.00 0.00 2.00

Fig.4 (a)

Table 7.

Dye concentration » 3.34 x 10**K

Concof DS

(xlO**H>
Absorbenoe

app,

V

Concof Concof
free dye bound dye

(xlo"*M) (x!0**l8

3.34 0.300 9000 0.88 3.17 0.17
6.67 0.340 10130 0.88 2.94 0,40

10.00 0,400 11980 0.76 2.54 o.ao
13.34 0.470 14070 . 0.68 2.10 1.84
20.00 0,560 16770 0.48 1.64 1.80
28.67 0,6*10 19160 0,84 0.30 2.54
33.34 0,740 88160 0.11 0.37 8.87
40.00 0.780 88860 0.01 0.03 3.31
53.34 0.800 83880 0.00 0.00 3.34

Flg.4 (W
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Dioctyl sodium sulpho succinate(Manoxl OT)-malachite green.

Table 8.

Calculation of binding at pH 2.00

Dye concentration • 3.34 x 10**M ^14500 £b«20960

Concof Absorbence 0} Concof Concof

Manoxl OT
*app» free dye bound dye

(xlO**M) (xlO-*M) (xlO**M)

1.34 0.880 8680 • m a

3.34 0.380 10620 * •> —

6.67 0*520 15660 0.32 2.74 0.60
10.00 0*600 17660 0.81 1.70 1.64
13.34 0*640 19160 0.29 0.97 2.37
80.00 0.670 80890 0.10 0.33 3.01

26.67 0.680 80880 0*09 .< 0.30 3.04

33.34 0.690 20310 0.02 0.07 3.27
40*00 0.700 20960 0.00 0.00 o.34

Fig,5 (a)

Table 9.

Dye concentration • 4.00 a 10**M

Concof
Manoxl OT

(xlO**H)

Absorbence
^app«

• 14500 £_• 22000

Concof Concof
free dye bound dye

(xlO**H) (xlO""*M)

3,34 0,410 10250 - m •

6.67 0,660 16600 0.73 2.92 1.08

10,00 0.750 18750 0.43 1.78 2,23

13,34 0.800 20000 0.30 1.20 2.80

80.00 0.850 21260 0.10 0,40 3.60

86.67 0.868 81620 0.05 0.80 3.80

33,34 0.376 81880 0.02 0.08 3.98

40.00 0, 886 88120•aMB*e» sww 0.00 0.00 4.00

Fi>5.5 (b).
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Table 10.

Calculation of binding at pH 7.00.

Dye concentration » 4.0 x 10**M c{* 21000 (f 37760

Concof
Manoxl OT

(xlO~**0

Absorbenoe Upp.
«c Cone.of

free dye

(xlO**)0

Cone.of
bound dye

(x!0**M)

1.34 0,360 81280 0.98 3.93 0.08

3.34 1,000 88000 0.76 3.04 0.98

5,34 1*250 31360 0.38 1.56 &*5Hk

6,67 1*350 33760 0.84 0.96 3.04

10,00 1.470 36750 0.08 0.84 3.76

13,34 1*510 37800 0.00 0.00 4.00

16,67 1*616 87900 . 0*00 0.00 4.00

20,00 1*615 37900 0*00 0,00 4.00

Fig. 6*
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Table 11,

Calculation of binding at pH 9.12*

Dye concentration * 2.67 x 10~*K tf«6660 ^_* 31730

Cone.of
Manoxl OT

Absorbence
*app.

•c Concof
free dyo

Concof
bound dye

(xl0**!8 (xlO~*M) (xl0**M)

1.34 0.190 7180 0.97 3,59 0.08
3.34 0.300 U100 0.71 2*00 0.67
6.67 0.466 17030 0.31 0.83 1.86

10.00 0.530 19480 0.15 0.40 2.27
13.34 0.540 80130 0.10 0.37 2.40
20.00 0.660 20700 0.07 0.18 2.43
26.87 0.870 31890 0.03 0.03 2.63
33.34 0.580 31780 0,00 0.00 2.67
40.00 0.580 21790 0.00 0.00 2.67

Fig. 7 (a)

Table 12*

^9 concentration 8 3,34 x 10**M tfm

Concof
Manoxyl OT

(x!0**M)

Absorbence
app.

£0«> 21000

Concof
free dye

(xlO~*M)

Concof
bound dye

(X10**M)

1*34 0,380 gJwOD 0,36 2,87 0,47
3.34 0.355 —m^res**#tp> 0.72 2.40 0,94
6.67 0.630 18680 0,37 1,04 3.30

10.00 0,600 17660 0,23 0,77 2.57
13.34 0.640 19160 0,11 0.87 2.9?
30.00 0.670 80390 0,06 0.17 3.17
36.67 0.880 30360 0,04 0.13 3.21
83.34 0.686 30310 0,01 0.03 3.31
40,00 0.700 80880 0,00 0,00 3.34

Flg.7 (b).



Dodeeane sulphonle acid (DS)« rhodamine 60.

Table 13.

Calculation of binding at pH 2.00

Dyo concentration • 1.34 x 10**K c^* 51120

«•«——II M HIMI H|W|III

Concof Do

(xl0**M)
Vtbsorbence

tapp,

11

67160

Concof Concof
free dye bound dye

<xl0**M) (xi0**l8

3.34 0*640 48000 m • —

6.67 0*695 61870 0.95 1.17 0,17
8.00 0*740 88830 0.75 1.00 0.34

10.00 0.765 87880 0.38 0,73 0,56
13*34 0.880 61190 0.37 0,50 0.84
16*67 0*830 68670 0.09 0.11 1,23
30.00 0*396 68800 0.03 0,03 1,31
36.67 0*900 67160 0.00 0,00 1,34
33*34 0.900 67160 0,00 0,00 1,84

Fig. 8 (a)

DX9 concentration « 2,00 x 10** M <r*

Concof 136

(xl0**M)

bsorbeucc
app.

61120 64500

Concof
free dye

(xlO~*«)

Concof
bound dy9

(xlO**M)

3,34 0.320 46000 * «• -

6,67 1.080 64000 0.30 1,60 0,40
3,00 1,180 87600 0.53 1,06 0,94

10,00 60500 0.31 0,63 1.33
13.34 1,230 61500 0.24 0.48 1,52

16.67 1.260 63000 0.11 0.82 1.78
20.00 1.380 64000 0,05 0.10 1.90

26.67 1.290 64500 0.03 0,04 1.88
33.34 1.296 64760 0,00 0,00 2.00

40.00 1.295 64750 0,00 0,00 2.00

Fig.8 (b).
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Table 15*

Calculation of binding at pH 7.00

ttf9 concentration • 1.34 x 10**M if 43600 63430

Cone.of Dl

(xlO**tO

3.34
0.«80

6.67
3.00

10.00
13.34
16.67
20*00
26.67

abe^ej|4)otssm

0.630
0.710
0.766
0*300
0.330
0.340
0.848
ero/ *§ss#w

0.360

app.

47000
63000
67090
60000
61300

63430
63430

rlg.9 (a).

0.30
0.50
0.33
0.16
0.11
0.04
0.03
0.00
0.00

Table 16.

Dye concentration » 2.00 x 10**M tf» 48800

Concof DS

(xl0**M)

3.34
6.34
6.67
a. oo

10.00
13.34
16.67
20.00
26.67
33.34

Absorbence

0.950
1.070
1.130
1.168
1*210
1*260
1*280
1.275
1.230
1.380

app.

47600
53500
56500

60500
63600
63000
63750
64000
64000

0.77
0.49
0.35
0.27
0.17
0.03
0.04
0.02
0.00
0.00

Flg.9 (b).

Concof
free dye

(xl0**!8

0.U
0.67
0.44
0.21
0.16
0.05
0.03
0.00
0.00

Cone.of
bound dy

(X10**M)

1,23
0.67
0.90
1.13
1*19
1.29
1.31
1.34
1.34

64000

Concof
free dye

(xl0-*M)

1,64
0,98
0,70
0.54
0.34
0.16
0.03
0,04
0.00
0.00

_

Concof
bound dy

(xlO***

0,46
1,02
1,30
1.46
1.66
1.84
1,92
L.i>6
2,00
2.00



Table 17.

Calculation of binding at pH 9.13

Qy9 concentration • 1.34 x 10**M

Concof DS Absorbenoe t
(xlO**M)

app.

116

42000 *0» 71640

Concof Concof
free dye bound df9

(x!0**M) (x!O**!0

1.34 0.66 48510 0.73 1.06 0.29
3.34 0.68 60760 0.70 0.94 0.40
6.67 0.72 63730 0.60 0.30 0.54
3*00 0.77 67600 0.48 0.84 0.70

10*00 0.33 61946 0.33 1.10 0.34
13*34 0.93 68660 0.10 0.13 0.21
16.67 0.98 71640 0.00 0.00 1.34
20.00 0*96 71640 0.00 0.00 1*34

Fig.10 (a)

Table 18.

tif9 concentration « 2.00 x 10~*K tf»42000 i^» 73600

Concof D6 Absorbence •c Concof Cone*of

(xlO~*H)
tapp. free dye

(xl0***9
bound dye

(xlO**M)

4.00 0*90 45000 0,90 1.80 0.20
6.00 1,02 61000 0,70 1.40 0.60
3.00 1.10 56000 0,57 1.14 0.88

10.00 1.25 ^^JewmiPm^er' 0.33 0.66 1.34
12,00 1,35 67600 0*16 0,33 1.68
14,00 70600 0.06 0.12 1, SB
18.00 1,43 71500 0.03 0.06 1.84
20,00 1,45 72800 0.00 0,00 3.00
24,00 1,45 73600 0.00 0.00 3.00

rtisii cu
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Dioctyl sodium sulpho succinate( Manoxl OT) -rhodamine 60.

Table 19.

Calculation of binding at pH 2.00

0f9 concentration * 1.34 x 1G~*M ^f 61180 i^m 64500

Concof
Manoxl OT

(xlO~*M)

Absorbence
app*

Cone.of
free dye

(xlO"*M)

Concof
bound dye

(xi©~*M)

3*34 0*430 38100 — o e

5*34 0.700 63340 0.88 1,13 0.31
6*67 0,770 67460 0.63 0,71 ^Fm)%P"jp

3.00 0,780 68310 0.47 0,63 0.71
10,00 0.800 60000 0.34 0.46 0.39
13*34 0.880 61200 0.36 0.33 1.01
16*67 0.336 68810 0.16 0.31 1.13
20.00 0,360 88480 0.08 0.U 1.33
26.67 0,866 64600 0.00 0.00 1,34
33.34 0.885 84600 0.00 0.00 1,34

Fig.11 (a)

Table 30.

X>T9 concentration • 2.00 x 10**M if 51130 if 63800

Concof Absorbence « Concof Concof
Manoxl OT

app. free dye bound dye

(xlO*4M) (x!0**M) (xlO**M)

3.34 0.500 86000 • • .

5.34 0.930 48000 m • •

6.67 1.040 83000 0.94 1.88 0.13
8.00 1.080 83800ejpae*jf»*irw 0.90 1.30 0.20

10.00 1.080 54500 0.70 1.40 0*60
13.34 1.140 67000 0.43 0*96 1*04
16.67 1.180 69000 0.37 0.74 1.36
20.00 1.830 61000 0.13 0.36 1.74

1.340 68000 0*06 0*10 1.90
33.34 1*280 63600 0.00 0.00 2.00
40.00 1.260 63800 o.co 0.00 8.00

^W* mUhmm (b)
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Table 31.

Calculation of binding at pH 7.00.

Dye concentration • 1.34 x 10**H (rf 42600 C«8i 61200

Concof
Manoxl OT

(x!0**M)

3.34
5,34
6.67
3.00

10.00
13,34
16,67
30.00
36.67

Absorbence

0.536
0.650
0.716
0.740
0.760
0.730
0.800
0.310
0.330

app.

66730
58210
69700
60500
61200

0.68
0.41
0.33
0.34
0.16
0.03
0.04
0.00

Flg.12 (a).

Concof
free dye

(x!0~*M)

1.01
0.55
0.43
0.32
0.21
0.11
0.05
0,00

Concof
bound dye

(xl0"*M)

0,33
0.79
0,91
1,02
1.13
1.23
1.29
1,34

Table 32.

Dye concentration • 2.00 x 10**M if 42800 6b» 61000

Concof
Manoxl OT

(xlO**M)

3.34
5.34
6.67
3.00

10,00
13,34
16,67
20.00
26.67

Absorbence

0.76
0.37
0.99
1.06
1,13
1.19
LSI
1.22
1.22

app.

37600
43500
49500
63000
66600
69500
60500
61000
61000

0.96
0.62
0*43
0.34
0.06
0.03
0.00
0.00

Fig.12 (b).

Concof
free dye

(xlO**M)

1,90
1.24
0,88
0,43
0,12
0.06
0.00
0,00

Concof
bound dye

(x!0**M)

0,10
0.76
1.14
1*68
1.33
1.94
2.00
2.00
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Table 33.

Calculation of binding at pil 9.12.

Dye concentration « 1.34 x 10**M ef» 43000 itf

Concof Absorbence « Concof Concof

Slanoxl OT
app. free dye bound dye

(X10**M) <X10~*I6 (xlO**M)

3.34 0.408 30220 «. •> —

6.67 0.670 43640 0.87 1.20 0.14
8.0C 0.640 47760 0.76 1.02 0.32

10.00 0.690 61500 0,50 0.67 0.67

13.34 0.770 67460 0.33 0.31 1.03

16.67 0.780 68310 0.18 0.38 1.09

20.00 0.790 69000 0.15 0,21 1.13

26.67 V. W*Wr 81800 0,04 0.05 1.29
33.34 0.330 63000 0,00 0.00 1.34
40.00 0.330 63000 0,00 0.00 1.34

Fig. 13 (a).

Table 34.

Dye eoncentratlon • 2.00 x 10** M

Concof
Manoxl OT

(x!0**M)

3,34
6,67
3,00

10.00
13,34
16.67
30,00
36,67
33,34
40.00
53.34

Absorbence

0,63
0,70
0,36
0,92
1*05
1.U
1,15
1,13
1,20
1.32
1,23

9PP

31600
WirWV

43000
46000
52500
66500
57500
53600
60000
61000
61600

42000 if 61500

0.95
0.80
0.46
0.33
0.21
0.15
0*08
0*03
0.00

Concof Concof
free dye bound

dye.

1.90
1.60
0.98
0.66
0.43
0.30
0.16
0*06
0*00

0*10
0*40
1*03
1.34
1*53
1.70
1.34
1*94
2.00

Fig. 13 (b)



Dodeeane sulphonle acid(DS)-rosaniiine hydrochloride.

Table 38*

120

Calculation of binding at pH 2.00.

Dye concentration «* 2*00 x 10**M l-m 18500 if 48600

Concof DS

(xlO**M)
a* ^b» or^s*• s*F^wswm—^bf

app.
Cone.of
free dye

(X10**M)

Cone*of
bound dye

(x!0'*M)

1*34 0.396 19750 0.98 1.92 0.08
3.34 0.410 30600 0.93 1.86 0.14
5.34 0.500 35000 0.73 1.66 0.44
6.67 0*600 30000 0.62 1.34 0.76

10.00 0.800 40000 0.88 0.66 1*44
13.34 0*930 46000 0.03 0.16 1*34
16.67 0.946 47250 0*04 0.08 1*92
30.00 0.966 48860 0*00 0*00 2*00
26.67 C.D65 48250 0.00 0*00 2*00

Fig*14 (a).

Table 88*

1>T9 concentration • 3.67 x 10**M if 18800 if 46630

Concof D8

(xlO**M)
Absorbenoe

fcapp,
Concof
free dye

(xlO**M)

Concof
bound dye

(xlO**M)

1,34 0.530 19300 0,94 2,51 0,16
3.34 0.640 20400 0,91 2.43 0,34
5.34 0.630 23695 0,30 2.14 0,53
6.67 0.770 28090 0,64 1.71 0,96

10.00 0,980 36700 0,34 0.91 1,76
13.34 1,155 43260 0,10 0.27 2,40

16.67 1,300 4ntw%xt 0,06 0,16 2.51
80.00 1,266 46630 0,00 0,00 2.67
36.67 1,230 48030 *

•

Fig.14 (b).
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Table 37.

Calculation of binding at pH 4.60.

Dye concentration « 1.34 x 10**K tf* 37000 if 106380

Concof DS

(x!0**M)

Absorbenoe
app.

Concof
free dye

(xlO**M)

Cone.of
bound dye

(xlO**M)

<3 «k*. 0,97 73400
6,67 0.83 61300 —

10,00 1.18 98040 0,94 uTb 0,03
13,34 1.36 98380 0.64 0.86 0,43
16,67 1.31 97740 0.33 0.51 0,33
30.00 1.36 101570 0,16 0.21 1,18
26,00 1,38 103730 0.04 0.08 1,29
33,34 1,40 104480 0.00 0.00 1,34
40,00 1,41 106830 0.00 0.00 1.34

Flg.lS (a)

Table 23.

0^9 concentration » 8.00 x 10**M , « 87600 i • 103760

Concof 06

(x!0**M)
Absorbenoe

:app.
Concof
free dye

(xlo~**0

Concof
bound dye

(xlO**M)

«3.*ra 1.150 57500 <* m •

6.67 * 1.000 50000 * — •

10.00 1.600 80000 — 4. —

13.34 1.800 90000 0.84 1.63 0.32

16.67 1. 360 93000 0,64 1.23 0.72
30.00 1.930 96000 0,44 0.88 1.12

36.67 1.980 99000 0,25 0.50 1.50
33.34 2.040 102000 0,05 0.10 1.90
40.00 2.050 103600 0,00 0.00 2,00

46.67 2.066 102750 0,00 0.00 2,00

lg.15 (b).
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Table 88.

Calculation of binding at pH 7.00.

Dye concentration » 1.34 x 10**M 71000 if 90350

Concof DS Absorbence

(x!0**M)

3.34 0,896

6.67 0.940

3.00 1,010

10.00 1,130

12.00 1,140

13.34 1,185

16.67 1.196

20.00 1,308

26.67 1,310

33,34 1,210

app.
Concof Concof
free dye bound dye

(xlO**M) (xlO~*M)

0107V — — -

71000 — — —

76330 0.78 1,04 0,30

88810 0.36 0.47 0,87

88810 O. 88 0.36 0,98

88880 0,08 0,18 1,23

89190 0,06 0,03 1,36

90080 0,01 0.01 1.33

90860 0,00 0.00 1,34

80880 0,00 0.00 1,34

Fig, 16.
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Dioctyl sodium sulpho succinate(Manoxl OT)-rosaniiine
hydrochloride.

Table 30.

Calculation of binding at pH • 2.00.

Dye concentration • 3.67 x 10**M m 18600 ^f 60930

Cone.of Absorbence imwtm
«C Concof Concof

Manoxl OT
tttpp# free dye bound dye

(xlO**M) (xlO*** (xlO**M)

1.34 0.730 39260 0.66 1,76 0,91

3.34 1.066 88630 0.35 0,93 1.74

6.67 1,300 44 nno^mf^smmamfmr 0.19 0,51 2.16

10.00 1.840 46730 0.14 0,37 2.30

13.34 1.380 48400 0.10 0,37 2,40

20.00 1.356 60790 0.00 0,00 3,67

26.67 1.360 50930%0 w 90 as 0.00 0,00 3,67

Fig.17 (a).

Table 31.

t^9 concentration * 3,34 x 10**M

Concof
Manoxl OT

(xlO**M)

1*84
3*34
6,67

10.00
13,34
16,67
80,00
36,67

Absorbence

1.020
1.210
1*370
1.480
1.450
1.470
1.505
1.510

»PP«

30540
36230

41050
43310
48410

45090
45090

rlg.17 (b)*

18600 tb* 45090

< Concof Cona*of
free dye bound dye

(xlO**M) (xlO*"*M)

-.65

0*33
0.15
0.03
0.06
0.04
0*00
0.00

1*34
1*10
0*50
0.27
O.'vi

0.13
0*00
0*00

1*40
2*24
2.84
3.07
3.14
3.21
3.34
3.34



Table 33*

Caleulation of binding at pH 4*6*

Dye concentration m1,34 x 10**M

12 4

f« 37310 if U0460

Cone*of Absorbence t «c Concof Concof

Manoxl OT
^upp. free dye bound dye

(xlO**M) (xl0"*H (x!0**M)

2*67 0,66 49250 • • —

5*34 0,83 61600 — — •

6.67 1.11 33830 — e •

3.00 1.33 91040 0*83 1.11 0*88
10,00 1.33 100000 0.46 0.60 0,74

13,34 1,43 103600 0*29 0.39 0,96

16,67 1,46 103300 0.07 0.10 1,24

20,00 1,47 109400 0*04 0.05 1*89

26,67 1,48 110460 0*00 0*00 1,84

33,34 1.48 110460 0*00 0*00 1,34

faejefj (a).

Table 33.

Dye concentration • 2,0 x 10**M

Concof
'lanoxl OT

(x!0**M)

Absorbence
app.

37500 if 115000

Cone*of Cone.of
free dye bound dye

(X10**M) (xlO**M)

2*67 1.01 60500 4, — -

5.34 1.22 61000 • — •

6.67 1.67 73500 • m •

3.00 1.88 91000 0.30 1,60 0.40

10.00 1.90 96000 0.73 1,46 0.54

13.34 2.10 105000 0,37 0.74 1.26

16.67 2*26 112600 0,15 0,30 1,70

20.00 2*29 114600 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

Flg.18 (b).
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Table 84.

Calculation of binding at pH 7.00.

Dye concentration • 1.34 x 10**M if 71000 if 108900

Cone.of
Manoxl OT

(xlO**M)

at .rorber.ee

3.34 0.960

6.67 1.035
10.00 1.160
13.34 1.210
16.67 1.290
20.00 1.420
26.67 1.450
33.34 1.450
40.00 1.460

app.

71640
77600
86320
00000
96530

106750
103200
103200
108900

0.1
0.33
0.6L
0.50
0.33
0.03
0.01
0.01
0.00

Fig. 19 (a).

Concof
free dye

(xl0'*M)

1.33
1*11
0.32
0.67
0.44
O.U
0.01
0.01
0.00

Concof
bound dye

(xlO**M)

0.01
0,33
0.68
0.67
0*90
1,23
1*33
1*33

,1.34

Table 35.

Dye concentration « 2.00 x 10**M if 71000 if 105000

Concof
Manoxl OT

(xlO*4M)

3.34

6.67
10.00
13.34
20.00
26.67
33*34
40*00
53.34

Absorbence

1*090
1*270
1.430
1.540
1.665
1.310
1.990
2.040
2.100

app.

64500
63500
71500
76950
33200
90350
99000

102000
105000

0.99
0.33
0.64
0.43
0.13
0.09
0.00

Fig. 19 (b).

Concof
free dye

(xlO-*M)

1.93
1.C4

l.:
o..
o.;
0.13
0.00

Concof
bound dye

(x!0**M)

0.02
0.36
0.72
1.14
1.64
1.32
2.00
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From the tabl«t ( 2-12 ),it could be seen that

at pH 7.0, a very small amount of the Manoxl OT ( 13.34

x 10-4K ) was needed for the complete binding of the

malachite green ( 4.0 x 10** M ).whereas relatively

larger anaaunt of dodeeane sulphonle acid was required

under similar conditions. However9larger amount of the

dodeeane sulphonle add was needed at the higher pH,

Similar behaviour was observed In the case of rhodamine

60 ( Tables 13-24 )•

With rosaniiine hydrochloride the behaviour was

altogether different. Small amount of dodeeane sulphonle

acid and Manoxl OT was sufficient for the complete

incorporation of the dye into the surfactant micelle at

pH 3.0 while a larger amount of the two surfactants

was required at pHs 4.6 and 7.0 (Tables 26-35 ).

The plots between absorbenoe and surfactant

concentration could be used to determine the amount of

surfactant bound p9r molecule of dye assuming that all

the dye got bound with the surfactant at the inflexion

point. These ratios at two different concentrations of

the dye and different pHs are given below.
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Mysels had reported that mlcelilsatlon occurs

markedly at low concentrations of the surfactant In the

pjt99ene9 of the dye and that throughout the transition

region, the amount of mioellised detergent was greatly

Increased by the presence of the dye. According to them

the curves between the absorbence and surfactant concent

rations ( Figs.2-19 ) would report the change from dye

rich Induced micelles to the more normal type ordinarily

containing no more than one dye cation p«r micelle.

As these levelling off points were at concentrations

hi-her than the cm*c, it could be concluded that the

surfactants interact with the dye only in the form of

micelle. 'Ihe results in table ( 36 ) give number of

surfactant molecules micellisetf p®r dye ion. Assuming

that ill interaction ( the assumrtlon Is Justified since

rhodamine 60 and malachite green ionise to give only one

cation ) between dodeeane sulphonle acid and rhodamine

60 or malachite gwm ii favoured at pH 7*0, it may be

inferred that the surfactant micelle interacting with the

dye is made up of 100 surfactant anions ( vide Mukerjee,P*,

and Mysels, 8_f,.fi jsjmiu Chen.Soc., XL t 2"7 ( 1966)

work on methylene blue-lauryl sulphate interaction) •

On the other hand,the Interaction between

ros&nillne hydi-ochloride would involve three surfactant

.ecules < vide Hallk.V.u*. and Haque,R*,J*Phys.ChesK6J t
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3083 ( 1963 )). Hence at pH 7.0, where 300 surfactant

anions are found to be bound with the dye molecule,it

can bo concluded that there are three surfactant micelles,

each having about 66 surfactant anions, which combine

with rosaniiine hydrochloride to give the surfactant-

dye complex, fladiar results were obtained by Mukerjee
and Mysels ( 17 ) who studied the complex formed between

pinacyanol chloride and sodium 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 10**8 )»

The effect of pH on the number of surfaetent

anions forming the micelle could also bo seen on the

basis of these investigations.

It was found that there was no effect of pH on

the number of dodeeane sulphonate anions forming the

micelle. The number of surfactant anions in Manoxl OT

was affected by pH, The number was smaller in the acidic

range ( pH 3,0 ) than that in the alkaline range ( dyei
rhodamine 60,3,0 x 10**M )*and were least in the neutral

medium.

Mo such uniformity was observed with malachite

green. The number of both dodeeane sulphonle acid and
Manoxl 0T surfactant anions ( forming the three ordinary

micelles ) per dye cation are smaller at pH 3,0 in

rosaniiine hydrochloride ( 3,0 x 10**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 micellisad

surfactant anions in the solution of rosaniiine hydro

chloride was thus observed.

The above mentioned observations may be attributed

to the fact that In the aoedio medium, the dlsaoolatlon

of dodeeane sulphonle acid Is very much suppressed

thereby making available a small number of surfactant

anions to form micelle for dye Interaction. Similar

behaviour cannot be expected in the case of Manoxl OT

since thla surfactant ia an ester ( dioctyl sodium

sulpho succinate ) and is likely to ionise more in acidic

medium.

JgaBJ SURF ACTAfflS-ACIP DYc
Unlike the basic dyes,vis*,malachite green,

rhodamine 60 and rosaniiine hydrochloride, the absorption

maximum of coago red shifts with the pH of the solution

( tables 19-34 )•

The absorption measurements for determining the

extent of binding were,therefore,porformed in buffered

systems*••
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Table 37.

mri"*™* «j SHMm<amPmi " m°V^3355 m •* *iipr*fffrt pI««

concof CTMAB Absorption mn\mm of Msssf H*i
or CPB Shlft ¥ith CTMAB Shift with CPB
( x io**m ) pa ph

0*00

0.67

1.34

3*34

6*34

6*67

10.00

2.00 7.00 9*13 3.00 7.00 9*13
nimu ( jpTft L i .wit „~~

5$0 480 480 560 430 480
480 680 480 480

660 430 480 560 480 480
500 480 480 460 430 480

480 pptc PPtn* 480 pptc pptc

pptc pptc 460 PPtC PPtc

460 470 470 460 460 460

13.34 460 470 470 460 480 460
80.00 460 470 470 480 460 460
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To rule out the possibility of the shift in dye

maximum due to disturbance in the monomer*polymer

equilibrium of the dye.absorption measurements were carried

out over a wide concentration range. Beer Irombert's law

was found to hold good In the concentration range ( 0.0 to

4.0 x 10**M ) (Fig.l b )• Our polarographie studies

( Chapter V ) also confirm the non-existence of aggregates

in congo red.

From the absorption data,the following conclusions

were arrieved ati

Tn the lower pH range,very large shift in the dye

maximum ( 660 mu to 460 mu ) was observed even with V9ry

small amount of either of the surfactants (6.67 x 10**M ),

while In neutral and basic media, a precipitate of the

insoluble surfactant-dye 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 surfactant resulted in

the dispersion of insoluble dye-surfactant coasplex,

aocompained by a epectral shift In the maximum ( 430 mu to

470 mu with CTMAB aad 480 mu to 460 sat with CPB ) was

observed* The complete 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 possibilities for toe

existence of svltter Ions or resonance structure due to
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the protonation of 888 nitrogec It may be the reason
why large amount of cationic surfaetants was required
in the low pH range. The structural equilibrium existing
in the congo red dye may bo represented as followsi

( vide Malik and Haque locclt.)

NHr NHj.

-N=N-0-0~W:=rN

S03KO.
+

H SO3N&

NHi.

-NH-M=-C _

M<L h
t

So^N*

NH3
tfH3'

— HH-H-O-O-
$0Z NcTC H)

S6aN°-(H )
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The formation of cationic surfactant-dye complex

would take place In the higher pH range. The probable

mechanism for this reaction would Involve deprot©nation

of the dye by the surfactant and Its subsequent interact

ion with excess of the surfactant to £ive the complex. It

is,howevorfdifflcuit to predict the amount of the surfac-
+ ♦

tent required to deprotonise the 261* and » 8 of the

protonatod dye and that required for complex ion formatloc

The possible reaction between the congo red and

CTMAB and CPB would then bet

1.

-r-

rjiDx.

I.

NH 1
-h^nhQ-0~n^n

-+03[Cl4n^-N(Mli)^ s^tc^H^N(^

/.-.

NrrM-Vr~A^// 7— N=M

$

50"[^H22"Nc5^]
X

S^tS,*^"^



m

From the absorbence data In the lower pH range

( pH 2.0 ) the extent of binding of the dye with CTMAB

and CPB can be calculated by Klotr"s formic The results

are given in the following tabless

•BsssliB f

ble 33*

zmm* wmt MsV

Ta

Calculation of binding at pH 2.00

Dye concentration » 2.67 x 1G**M "f-:22470 ^ • 5340

• l8ssss*e?n*fln >*
""" *r Cone*of Concof

( x 10**M ) at 560 mu »PP» free dye bound dye
(xJxr*M) (xlO**M)

1*34 0*60 18736 0.78 2.08 0.59

3*67 0*43 16108 0.63 1*68 0.99

3.34 0.41 16350 0.59 1.57 1.10

4.00 0.38 13360 0*41 1.10 1.57
5.34 0.38 9725 0.36 0.69 1.98

6*67 0.30 7630 0.14 0.37 3.30

10.00 0.15 6830 0.02 0.05 2.62

13*34 0.14 «**o 0.00 0.00 2.67

16*67 0*14 8340 0*00 0.00 2.67

Fig. 3G1 a*



Table 39.

Calculation of binding at pH 2.00

13£

l>y9 concentration • 3.34 x 10^M ^f» 22400 *b« 5340

Concof CTMAB Absorbence jC
JL ' Cone,Of Cone.of

( X 10**M ) at 560 mm* BBBm free dye bound dye

(xlO**M) (xlO*»!0

1.34 0*63 18860 0,79 2.64 0,70
2.67 0.88 16760 0,67 2,24 1.10
3.34 0.80 15000 0.56 1.87 1.47
6.34 0.38 10930 0,33 1.10 3,34
6*67 0.89 8680 0.21 0,70 2,64

10.00 0.38 6690 0,08 0,27 3,07
13.34 0*19 8690 0,03 0,10 3.24
16,67 0.17 5840 0,00 0,00 3*34
20.00 0.17 5340 0,00 0.00 3.34

Fig. 30 o.

Cetyl pyridinium bromide (ZP& - congo n id.

Table 40,

Calculation of binding at pB 2.00

Dye concentration • 3.00 x 10**M ^f 32600 €fe» 3700

Concof CPB Absorbence

(x 10~*H) et 560 mm «app,
Concof Concof
tr99 dye bound dye

(xlO-sM) (x!0**M)

0.67 0.39 19600 0,84 1,63 0,32
1.34 0.38 16000 0,66 1.30 0,70
2.01 0.36 13600 0.47 0.94 1,06
2.67 0,18 9000 0,30 0.60 1.40
3.34 0,13 6600 0.14 0,38 1.72
4.03 0,10 5000 0.06 0,12 1.38
5.34 0,03 4000 0.02 0.04 1.96
6.67 0,07 3700 0.00 0,00 8,00

10.00 0.07 3700 0.00 0,00 2,00

Fig.21 a.
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Table 41.

Calculation of binding at pH 2.00

Dye concentration • 4,00 x 10**M ^f 22500 ef 3750
BBsssmmmmmjsmmmmmmmmjsmmjmm^^ mmsmsmmmmmmmjmm in mmmmmmmmmmmmmmmmim>m*mmim • sssSssmmmmjmmmmjmsemmmmmmmsi

Concof CPB Absorbenoe € < Cone.of Concof

( x 10**M ) at 560 °P# apJ>* ^rce dye oo11^ dve
(xlO**M) (xlO**M)

1.34 0.80 20000 0*80 3.44 0*56
2.67 0*66 16350 0.67 2.63 1.32
3.34 0*55 13750 0,63 2.12 1.88
4.03 0*48 13000 0*44 1.76 2.24
5.34 0*41 10250 0*35 1.40 2.60
6.67 0*30 7500 0*20 0.30 3.20
10.00 0.18 4500 0*04 0.16 3.84
i.o«o4 0*15 3750 0*00 0.00 4.00
16.67 0*16 3750 0*00 0.00 4.00

Fig* 21 b.

The levelling off points in the curves plotted

between absorbence and concentration 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 show that two quaternary

ammonium cations combine with one dye anion to form a

micelle In the acedlc medium ( pH 2.0 )• On the other hand,

li3 dye-surfactant eonsplex Is formed in the neutral and

alkaline media. As already stated,the latter complex got

dispersed in excess of CTMAB and CPB.



Table 42.

ir of CTMAB and J2PB molecules reouli
iTH'iu^rnrTAsjf.rr ->r~en w ",'rrrriw*

pH

7.00

9.18

7.00

9.18

Dye cone*

(xlO**M )

3.34

3.34

3.67

8.87

CPff

CTMAB

(xlO***)

10.0

10.0

10.00

10.00

138

•i t" BosmmmMmeBsl
I,

CTMAB cone.

Dye cone

3.0

3.0

4.0

4.0

It can be seen from the above table that three

molecules of CTMAB and four molecules of CPB are required

to solubllise the single dyo anloc
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C. M. C. PET SBMIiiAX 108.

The above mentioned data can also be employed

to determine the cm*c*values of anionic ( Table 1-18)

and cationic ( Tables 19,33 ) surfactants. The concentrat

ion of the surfactant,required to cause an abrupt change

in the spectrum of the dye,was considered to give the

c.m.c. The exact values were obtained by plotting the

absorbenoe of the surfactant-dye mixtures vs.the

surfactant coneentratlon,at both the original and shifted

dye maxima* The point of Intersection of the two curves

gave the c.m.c. value ( Figs,36-43 ).

Another fundamental property worth considering

in the case of surfactant-dye mixture Is the stable

micelle point ( &.M.P.), This point corresponds to the

minimum concentration of the surface active agent which

would yield a constant value of the absorbence* The

levelling off point corresponding to the S,M,P, value

Indicates complete Incorporation of the dye into the

surfactant micelle (Figs, 26-43 ),

The e,cc* atid S.M.P. values determined by the

above method are given in the following tables. Table 46

gives the data on the ccc. of the pure surfactant

( without dye ) found by conductivity method for the

sake of eomparisloc



Table 43.

Dye PH Dye cone*

(xlO~*M )
c«m*c.

(xlO**ll )

Malachite
green

3*00
7.00
9.13

2*00
3*67
3.00

6*87
5*34

m

Khodamine
60*

3*00
7.00
9.18

1.34
1.34
2.00

8*84
8*00

Kosanllinc
hydro
chloride.

2.00
4.60
7.00

2*00
1*34
1*34

8*00
8*00
5.00

Table 44

m\%WMm\ 9° <?tftt9sTfi,^ff of tmifimsS IffM

Dye pH Dye cone*

(x!0**M )
c.m.c.

(x!0**M )

HO

6.M.P.

(xlO**M )

16.67
36*67

16.67
12.00
20.00

16.67
26.67
26.67

S.M.P.

(xlO**M )

Malachite
greoc

2.00
7.00
9.12

4*00
4.00
3.34

3,34
3.34

10.00

33.34
13.34
20.00

Rnrnl a 8b1 raft

60.
2.00
7.00
9.12

1.34
2.00
1.34

4.00
6.00
4.00

16.67
16.67
20.00

Bosaniline
hydro
chloride.

3.00
4.60
7.00

3.67
1.34
l.«i*4

6.00
10.00

13.34
26.67



Table 45.

Results on cm.c.values of CTMAB and CPB.

Dye cone* cm.c &$$ S.M.P.
(xlO~*M ) (xlO-*M ) (xlO**M )

2.0 3*34 3,67 6.67

2,0 3,00 1,34 3,34

. f# **TJTT?5

Table 46*

•suits on c.m.c values of anionic and catiahlg

141

Conductivity cm*e*
method "* -"••" ' '"• """" • • - *-•--•'""-" - •
(without dye) DS Manoxl OT CTMAB CPB

(x!0**K ) (x!0**K ) (x!XT*M ) (x!0**M)

30.0 6.80 3.50 53,00

8 Carried out separately.
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**WLAA»1JUIAJI»*

The cm*C values both of anionic and cationic

surfactants obtained In presence of dyes are lower than

those of the pure surfactants. Already stated the

lowering In cm*c of the surfactant by the dyes can be

explained in terms of induced micelle formatloc This

concept Involves the formation of a surfaetant*dye

complex whose micelles would be formed at lower concent*

ratloc

Although parallelism exists between the effect

of dyes and electrolytes on cm* e* .the mechanism

proposed In the latter ease taxes Into consideration

breaking of water structure instead of Induced micelle

formatloc
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Polarographlo estimation of ionic surfactants.
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The various problems of analysis wliich confront

the chemist who deals with the surfactants do not differ

greatly from analytical problems in other fields of

chemistry and chemical technoio?*y. A list of various

methods for the analysis and the estimation of water»

soluble synthetic surface active agents ( 1 ) is reviewed

in the literature.

Probably the most widely used method for estimating

the anlonie surfactants is by titration with long chain

quaternary ammonium salts,using methylene blue In ohloroform

as an Indicator ( 2-3 ). Another general method for

determining the ionic surfactants ( 4,6 ) is the formation

of a water insoluble dyosurfactant salt wliich is dissolved

in nonaqueous solvent and la estimated colorimetrically.

The method has been employed in modified and unmodified

form, to determine the quaternaries in milk,various food

stuffs,sanitising solutions and other compositions ( 6 )

as well as to the laboratory analysis of relatively pure

surfactants. Other analytical methods like potentlometry

(7 ) and conductometry methods have also been employed

for the determination of surfactants end their auxllaries,

Polarographie method as already mentioned,haa been

used to messure the extent to wliich surfaetants suppress
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the maximum on the current voltage curve (8*10 )*The

technique was,however,put to indirect use for determining

the soap concentration by precipitating it with a

standard cadmium solution and measuring the effect on the

cadmium wave ( U )* Gordon and Umer (13 ) had recently

described a polarographie method for the otherwise

difficult determination of sulphite and sulphate in

peteroleum sulphonates*

A new approach,based on polarography for determin

ing the concentration of surfactant solutions,can be by

making use of the surfactant dye Interactioc 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 throw some

light on the surfactant*dye binding.

The investigations described in this chapter deal

with the determination of cationic surfactant,vis*,

eetyl trimethyl ammonium bromide ( CTMAB ),eetyl pyridin

ium bromide ( CPB ) using congo red and alisarin Bed 8

and that of anionic surfactants,vie,dodeeane sulphonio

acid (OS ) and dioctyl sodium sulpho succinate 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 preaence of ionic surface active

agents,owing to the formation of water-insoluble

compound* The decreased wave height was found to be a

linear function of the surfactant concentration* ihe

eoncentratlon of an unknown sample can then be determined

from appropriate calibration curves.
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Dodeeane sulphonle acid ( DS ) was prepared In

the laboratory ( vide Chapter III )• Dioctyl sodium

sulpho succinate ( Manoxl OT ), eetyl trimethyl ammonium

bromide ( CTMAB ),oetyl pyridinium bromide ( CPB ) wore

all BDH products and used without further purificatioc

Methylene blue,congo red and alisarln Hod 8 were BDH

products and were purified by further reerystalllsatioc

All other reagents were Analar grade*

All solutions were prepared in doubly distilled

water. Glycine and acetate buffers of the following

compositions were prepared*

1 ) Olyclne - 0.0025M and KCI » 0*035M ( pH 6.00 ).

11) 0.3M aoetio acid and 0.3M sodium acetate.

pB-ooasurements wore made by Bookman pH meter

Model H*

APPARATUS.

Polarographie measurements were carried out using

Heyrovsky polarograph model ( Lp 55A ) operated manually

using scalamp Pyo galvanometer. All the measurements wore

made at 25Jt 0,1*C using thermostatic water bath.

ICKDJRK.

Working solutions were made by taking a known

amount of dye solution ( 10"*M ) and mixing with a constant



14 9

amount of the appropriate buffer solution ( 4.0 ml. ),

varying amounts of the surfactant solution ( 10**M )

and then making the total volume to 10 ml. with water.

The solutions were allowed to stand over night for

complete reaction. The polarograms of the s *peroant

solutions were taken after passing the purified hydrogen

for about ten minutes.
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Tha polarographie reduction of dyes,vis.ycongo red,

alizarin Hed S provide* the following information!

(i) Congo red gave a reversible polaroiraphie wave with a

half wave potential ( S^yg ) « - 0.50 volt la glycine

buffer of pH 6.00. The reduction of the df9 could not be

studied at low pH values because of change in colour

(blue) In the acidic medium due to the attainment of the

quionld structure < Flg#lfCurve 1 )•

(II) The reduction of alizarin Bed 6 was made in various

buffers at different pHa* The wave was found to be reversi

ble ( Figs,5-12, Curve 1 ). The half wave potentials at

different pH were as followsi

Table 1.

Acetate buffer Robinson-Briton
buffer

pH 3.00 4,00 5.00 7.00

Sj/2 -0.23 -0.40 -0.43 -0.60

(volts)

(III) A well defined reversible polarographie wave was

obtained in the case of methylene blue ( Ew2 ••0*36 volt )

In the glycine buffer at pH 6.00. Ho anodic step was

realised in this buffer ( Ftgs.13,14,Curve I ).

The reversibility of the polarographie waves was

tested by Tomme's methodf i.e., 2*/^ - Ejy4 • 0.066/n
where a is the number of electrons transfered in the
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reaction* Congo red was found to be reduced by four

electron transfer reaction while alizarin Red S and

methylene blue by two electron transfer reaction.

Polarographie measurements of congo red and alizarin

Had S with CTMAB and CPB.and of methylene blue with D6

and Manoxl OT were carried o'it. The polarograms are shown

In figs. 1-14.

CATIOSIC •BUriFACTA.ffS-ACTDXC PY£S.

PolaroTrams of congo red ( 2.0.and 3.0 x 10*4M ) in

the presence of varying concentrations of CTMAB or CPB

are depicted in Fius.1-4. It is seen from the curves that

there Is a gradual decrease in the limiting current by

the addition of increasing concentration of surf&ctants

due to the removal of a portion of the dye in the form

of the precipitate.

Similar results were obtsined with alizarin Sad S

in presence of varying amounts of CTMAB and CPB at

different pHs ( 3.09.4.00.8.00 and 7.00 ). The results

are depicted in Figs. 5-12.

On plotting the decrease In wave heights ( ^o*ld

against the surfactant concentration,a linear relationship

was obtained ( Firs. 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 surf&etant.

The concentration of the dye used initially was
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found to be dependent upon the concentration range of

the surfactant which it was desired to cover, above the

highest concentration of the surfactants studied.the

complete precipitation of the dye-surfactant coapleK

took place and no dye was found to be unreacted. Whan

stoichiometric asaounts or excess of the dye was present,

a fine precipitate settled out slowly. Excess of the

surfactant reduced the flocculatlon so that a stable

suspension which is non-reducible at d.m.e..was formed.

The results on the binding of congo red aad

alizarin Had S with CTKAB and CPB are summarised In the

following tablesi
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Cetrl pyridinium bromide ( CPB )- conso red.

Table 4.

Caleulation of binding.

Dye concentration • 2,0 x 10**Ht (1^ • 93.0 x 2.0 xlO***

Cone.of
CPB

(xlO*4*

(x2.0xl0**amp.)

*d "dV1* ^l
( x 10~*M )
Free Bound
dye dye

CFB cone.
Bound dye
cone.

cone. cone.

0.40 79.0 14.0 0.86 1.70 0.30 1.30
0.80 74.0 19.0 0.80 1.60 0.40 2.00
1.00 70.0 23.0 0.76 1.50 0.50 2.00
1.60 38.0 37.0 0.60 1.80 o.ao 2.00
2.00 46.0 43.0 0.48 0.98 1.04 1.96
2.40 40.0 53.0 0.43 0.88 1.14 2.10
3.00 23*0 70.0 0.86 0.50 1.50 2.00
3.60 14.0 79.0 0.18 0.30 1.70 2.10

Fig. 16 a.

Table 5.

Calculation of binding.

0y9 concentration* 3.0 x 10~% <l^o*78.0 x 3.0 xlO^Hap,

Concof (Jt3.0xlO*»eBp.)

44 <Vo-td Wo
( x lO*4* )
Free Bound
dye dye

CPB

(xlO**!©
Bound dye
cone.

cone. cone.

0.50 70.0 8.0 0.90 8.70 0.30 1.68
1.00 62.0 16.0 0.80 2.40 0.60 '...68
2.00 83.0 25.0 0.68 2.04 0.96 2,08
2.50 46.0 32.0 0.89 1.77 1.23 2.03
3.00 37.0 41.0 0,48 1.44 1.86 1.60
4.00 30.0 43.0 0.40 1.20 1.30 1.70
4.50 20.0 53.0 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.U 0.33 2.67 2.06

Fig.16 b.
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Table 6.

Calculation of binding at pH 3.09

Dye concentration • 10.0 x 10**M (1^) •53.0 xlO "amp.

Concof
CTMAB

(xlO***

5.0
10.0
15.0

I. c
22.5

o.O
30,0
37.5
50.0

( x 10 "amp.)

*d (ld) o**d (1^

47.0 8s6
41.0 12.0
33.0 15.0
35.0 ia.o
32.0 21.0
29.0 24.0
25.0 23.0
20.0 33.0
10.0 43*0

0,90
0.78
0.72
• .o.
0.60
0.55
0.47
0.34

Fig. 17 a.

( x 10 4K )
^T99 Sound
8yo dye
cone. cone.

9.0 1.0
7.3 2.2
7.2 2.8
0#6 3.4
6.0 4.0
5.5 4.6
4.7 5.3
3.4 6.6
1.9 :.l

cone.

0.50
.45

9.6S
0.60

ISM
0.86
0.89
0.57
0.62

m«

Table 7.

Calculation of binding at pB 4.00.

Dye ooneentration » 15.0 x 10**H (1^ 0 -TO.OxlO** amp.

Concof

(xlO*1!©

3.0

10.0
20.0
25.0
37.5
60.0
62.5
75.0

( x 10** amp. ) id
i* <ijm**m rrro d

<*d>o

( x 10**H ) CTftAB cone
Free Bound Bound dye
dye dye cone
cone. cone.

65.0
60.0
80.0
46.0
36.0
25.0
13.0

5.0
10.0
tic.:
;/>.o
,-.o.-

18*0
57.0
63.0

0.93 13.95
0.36 12.90
0.71 10.65
0.66 9.90
0.50 7.80
0.36 5.40
0.19 2.35
O.U 1.65

Flg.18

1.05
2.10
4.35
5.10
7.50
9.60

12.15
13. 35

0.50
0.50
0,46
0.80
0.50
0.52
0.50
0.56



Table 3.

Calculation of binding at pH 5.00*

Dye concentration 9 20.0 x 10**M

156

(iff 90.0x10"* amp.

Cone*of
CTMAB

(xlO*6^

( x ;

-a

L0*a amp.)

"dV4* (1d>0

( x 10*^ )
Free Bound
dye dye

CTMAB cone
Bound dye
cone.

cone cone.

tfcl 8S:8 i$;8 8:11 m
1.0
2.2 tn

20.0 76.0 15,0 0.83 16.6 3.4 0.60

25.0 63.0 22.0 0.76 15.2 4.3 0.82
35.0 60.0 30.0 0.67 13.4 6.6 0.53

45.0 52.0 33*0 0.58 11.6 3.4 0.84

60.0 45.0 45.0 0.82 10*4 0.6 0.62

70.0 36.0 55.0 0.45 9.0 11.0 0.63

80.0 23,0 62.0 0.31 8.2 13.3 0.57

90.0 15.0 75.0 0.17 3.4 16.6 0.54

Fif, 17 b.

Table 9.

Calculation of bonding at pH 7.00

Dye concentration * 10.0 x lO*4* ^rfo* fi3*° jao"S|HiP»

Cone.of ( x 10** amp.) ld ( x 10*4M )
Bound dye
cone.

CTMAB

(xlO**M) *• <Vo*1d <*d>o
Free
dye

888B8
dye

cone. cone.

2.50 61.0 2.0 0.98 9.6 0.4 0.60
5.00 43,0 5.0 0.90 9.0 1.0 0.50

7.50 46.0 7.0 0.87 8.7 1.3 0.88
10.00 42.0 11.0 0.80 3.0 2.0 0.80

12.80 40.0 13.0 0.76 7.5 L.5 0.50

17.80 83.0 20.0 0.62 8.2 3.8 0.46

22.50 89.0 24.0 0.55 5.5 4.6 0.50

25.00 25.0 28.0 0.47 4.7 5.3 0.47
37.50 12.0 41.0 0.23 2.3 7.7 0.49

Flg.19
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Table 10

Calculation of binding at pH 3,09.

Dye concentration » 10.0 x 10**M (ia)o«57.0xl0*4 amp.

Concof
CPB

(xl0*4M)

< X 10*8 amp,)

^d^o'^d <-*>•

( x 10*-M )

Free Bound
dye dye

Bound dye
cone

cone. cone.

4.0 oo«0 2,0 0,96 9,6 0,4 10.0

10,0 61.0 6,0 0.90 9,0 1.0 10.0

15.0 47.0 10,0 0.34 3,4 1.6 3.8

20.0 44.0 13,0 0,77 7,7 2.3 8.7

30,0 39.0 13,0 0,70 7,0 3.0 10.0

40,0 31.0 26.0 0,54 5,4 4.6 8.7

50,0 25.0 32.0 0,44 4,4 5.6 8.9

60,0 20,0 37.0 0,38 3,5 6.8 9.2

70.0 13,0 44.0 0,23 2,3 7.7 9.1

Fig. 20.

Table U.

Calculation of binding at pH 4.00.

Dye concentration » 10.0 x 10*4M (iA)0 •44.0xl0*t amp.

Concof
CPB

(xl0**M)

5.0
10.0
20.0
18*0
30.0
50.0
88*9
70.0

( x 10*4amp) JL^ ( x 10*4M )
d '• * Wrfo «• dye

cone, cone

42.0 2.0 0.95
39.0 5.0 0.30

35.0 9.0 0.30

33.0 11.0 0.76
30.0 14.0 0.68
23.0 21.0 0.52

17.0 27.0 0.40

12.0 32.0 0.27

8*6
3.9
3.0
7.5
6.3
99 r"i

•-'• *

8*9
05.7

Fig.20 b.

0.5
1.1
2,0
2,5
3,2
4.8
6.0
7.3

cone,

10,0
0.1

10.0
10.0
9.4
9.6

10.0
0.6



Table 12.

Calculation of binding at pH 5*00.

158

Dye concentration * 10.0 x 10**M &*) f 48.0X10*4 amp.

Concof
CPB.

( X 10*4amp.) id ( x
Free

10*4 M )
Bound Bound dye

(XlO*4** ld <*d>e dye
cone

dye
cone

cone

2.0 44.0 4.0 0.92 9.2 0.3 4.0

6.0 41.0 7.0 0.38 8.3 1.5 4.0
15.0 33.0 10.0 0.30 3.0 2.0 6.8

25.0 34.0 14.0 0.76 7.8 2.5 10.0

40.0 28.0 22.0 0.84 5.4 4,6 8.7
80.0 20.0 28.0 0.48 4.2 5,8 8.8

60.0 16.0 32.0 0.33 3.3 6.7 3.9

78.0 10.0 33.0 0.21 2.1 7.9 8.6

i'X ;|. 21.

Table 13.

Caleulation of binding at pH 7.00

Bye concentration* 10.0 x10*^ U-a) f 80.0xl0*4amp.

Concof ( x I0*s amp.) ld ( x 10H H ) CPB cone*

CPB

(xWT'M) •d <1d>0*1d <-d>e
Free
dye
cone.

Bound
dye
cone

Bound dye
cone

8.0 46.0 4.0 0.92 9.2 0.8 10.0

13.0 41.0 9.0 0.32 8.2 1.8 10.0

26*0 37.0 13.0 0.74 7.4 2.6 9.6

30.0 34.0 16.0 0.63 6.8 3.8 9.4

35.0 32.0 13.0 0.64 6.4 3.6 9.7

46.0 25.0 26.0 0.50 6.0 5.0 9.0

60.0 13.0 32.0 0.38 3.6 6.4 9.4

70.0 14.0 36.0 0.28 2.8 7.2 9.8

rig.20. o.
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The surfactant-bound dye ratio was found to be

independent of the concentration of the surfactants aad

a binding ratio of H2 dye-curfactant complex was obtained

la almost all dye-surfactant mixtures. The data on the

binding of congo red with CTMAB and CPB confirm the results

of the spectrophotometrie studies ( vide Chapter III )•

With alizarin Had 8fthe bi dlag ratio is entirely

different from that obtained in the case of congo red.

Here Instead of li2 dye-surfactant rations lilO binding

ratio is obtained In the case of CPB while a 2il ratio is

realised for CTMAB. The results further reveal that

alizarin Hed S has ;ot a greater affinity for the CTMAB

than CPB.

SFFZCI OF pH.

Just like the concentration of the surfactant,

tha 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 quionold

structure at low pH values thereby asking the reduction

non-feasible,

AJSIOHIC fcUHFACTAttTS-BASXC DYE.

Polarograms of methylaae blue la presence of DS

and Manoxol OT in glycine buffer of pH 6,00 ware recorded
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and are depicted In Figs.( 13,14 )• The following conclus

ions neve been dravnt

1. From the ftfBel 13,14 ),it Is seen that like eatlonle

surfactant,there was a gradual decrease In limiting current

of the dye by Increasing concentratioas of the surfactant

due to the removal of the dfe from the reaction mixture

in the form of an insoluble dye-surfactaat complex.

On plotting the decrease in wave height vs.concen

tration of Manoxl OT, a linear behaviour was observed

( Fig.92 ).

The binding of the dye with Manoxl OT was deteraiaed

aad the results are summarised in the following tablet

Table 14.

foOTe*4 9* %$* feWV*« Of •tW^g be¥f »W ManoxJI, 9I>
Dye coacentratioa » 2.00 x 10**M
( id)0 • 46.0 x 10*4 amp.

Coacof
Manoxl OT

(xlO*4*

(xlO^amp.)

Ld «Vo--d
(ld>

(xlO**M ) Manoxl OT
Ftoo Bound Ooac.
dye dye Bouad dye

cone.

0.4 42.0 4.0 0.91 1.32 0.18 0.22
0.8 39.0 7.0 0.86 1.70 0.30 0.28
1.0 38.0 10.0 0.78 1.58 0.44 0.23
1.40 31.0 15.0 0.67 1.34 0.66 0.21
1*80 88.0 20.0 0.87 1.14 0.86 0.21
2.00 23.0 23.0 0.50 1.00 1.00 0.20
2.20 21.0 25.0 0.48 0.92 1.03 0,20
3.00 13.0 33.0 0.88 0.88 1.44 0,17

Fig. 22.
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It is clear from the above table that the combining

ratio is same ia all the oases, 0.2 mole of Maaoxl OT is

bound with one mole of the dye.

An altogether different behaviour 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 ( Flg.14 )• Ihe appearenee of tha

second wave nay be explained on the assumption that the

dye^surfactant complex of methylene blue and dodeeane

sulphonle acid gets adsorbed on d.a.e. in excess of tha

latter resulting in the emergence of the second wave of

constant height.

2. The limiting current of the reaction mixture was

found to increase to a very small extent than the original

current ( without surfactant ) by the presence of small

concentration of surfactant ( Flg.f4tCurve> 2-4 )• This

may be attributed to the fact that the Insoluble coapound

is soluble in the excess of the dye and thus the Halting

current of the solution is increased.

3. The Ej/2 of the reaction mixture was found to be
shifted towards the more positive potentials ia presence

of surfactants. It is more marked In the case of dodeeane

sulphonle acid than *4anoxl OT. For exaaplefthe shift is

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 OT, The presence
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of surfactants made the polarographie waves irreversible

The shift ia the half wave potential towsrda the

positive side may be explained on the basis that the

dissoeiatlon of DS is favourable at pH 6.00 releasing a

large number of U* ioas which lower the pH of the solution

and therefore,the Kjyg of the unreaoted dye is lowered.
Ths little shift In Sw2 by the addition of Manoxol OT

( pH 4.6 ) is because of small lowering ia the pH of the

medium as lt Is an eater (dioctyl sodium sulpho sueclaate)

releasing no hydrogen ions In the solution.

4. A small anodic step was observed in the reduction of

methylene blue in tha presence of higher concentretIons of

06 while lt was not found with Manoxol OT.

It Is olesr from the above observations that the

anodic step is obtained in the lover tl region. Our study

Is supported by the work of Muller ( 13 ) who reported the

disappearenee of the anodic step in the phosphate buffer

at pH 6.8 while ho observed lt in the acetate buffer of

low pH value.

Although,many analytieal methoda are available for

the determination of ionic surfactants,the polarographie

method has the advantage over the others in the sense that

it can be used at higher concentrations above the critical

micelle concentrations and for small volumes eg.less than

1.0 ml. The polarographie measurements can be made by the
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direct addition of varying quantities of the surfactant

solution to the polarographie cell. Besides the above

advantages there are few difficulties in the above

methodt (i) the corrections in the current due to the

dilution of the solution are to be made,(ID the settling

of the insoluble dye-surfactant compound requires a large

time before measurements can be made,(HD the Insoluble

dye-surfactant compound formed by the interaction of

methylene blue and anionic surfactants sticks on the

wall of the container and also on the tip of polarographie

capillary and hence this method cannot be used for

determining the concentration of anlonie surfactants with

the help of methylene blue,(lv) the method cannot be

successfully employed to estimate small amounts

( < 1.0 x 10** M ) of the alkyl sulphoaated type surfsetant!
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Polarographie determination of aggregation number of

dyes and effect of additives on the aggregation.
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Dyes,like other surfactants,are also known to

undergo aggregation in aqueous solutions ( 1-4 ),various

mechanisms,based on vander Waal*s forces ( 5,6 ),

intermolecular hydrogen bonding ( 7 ), bonding by sand-

wltch«d water molecules ( 6-8 ) etc. have been put forward

from time to time to explain the aggregation of dye

molecules. 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. Thermodynataical data (13 ) has

shown that the mutual ordering of water molecules around

the solute is enhanced with non-polar solutes. This results

in the formation of iceberg structures.Urea,well known for

its denaturation capacity,and ability to undergo 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 hydrophobic bonding ( 14-16 )• A similar

approach can be made in the case of dyes provided a suitable

method,sensitive enough to register variations ia the
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properties of dye as a result of the breaking of the

water molecules,Is found.

The polaroipraihie method very recently proposed

by Bilson and Mckay ( 17 ) for studying the aggregation

of dyes was extented to determine the effect of urea,

formamide and methyl alcohol on the aggregation

concentration.
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itUGsrfis.

All the chemicals,except the dyes,were of Analar

grade* Congo red < a»»E»sHexfasGe.6H»0 ) and crystal violet

( CssHs»ClHs.2HsO ) were the BDH products and purified toy

reerystallization. The solutions were prepared in double

distilled water ( all glass )•

Urea (A,*!.) and formamide (Hledel ) were used while

aethyl alcohol was the BDH product which was further

purified by redlstillatioa. Urea and formamide were used

ia moles/1., while methyl alcohol by preceatage.

Glycine and citrate buffer used in the reduction of

dyes were of the following compositionst

glycine buffers Potassium chloride 0.028M| glycine
0.0025M,pIl 6,00,

citrate buffers Potassium chloride 0,01M| trisodium
citrate 0.005M| citric acid 0.005M,
pH 4.40.

APFARATUS.

The polarographie measurements were carried out

using Heyrovsky polarograph ( fto,I»p 55A ) operated maaualLy

in eonjuction with a sealaap Pye galvaaooeter. A aormal

polarographie capillary ( Galieakamp ) having the drop time

4.30 sec was used aad the mercury reserviour was kept at

a coastaat height ( 60 cm ) throughout the measurements.

Saturated calomel electrode was used as a reference

electrode. All the measurements were made at a constant
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temperature 25 ± 0.1°J using a thermostatic water bath.

Working solutions were prepared by mixing different

amounts of the concentrated solution of the dye ia water

with a fixed amount of the appropriate buffer ( 4.0 ml.)

and then,maklng up the total volume ( 10.0 ml. ) by more

water. The solutions were allowed to keep overnight

after adding the substanee the effect of t«hich was to be

studied. Folarograms were taken by passing purified

nitrogen through the solutioa for about 10 minutes. One

set of observations for each dye was taken without the

presence of the additive. The additives,urea ( IM,3K,6M )$

formamide ( 0.6M,1.2K,2,4M ), and methyl alcohol ( 10JC,

20$ v/v ) were used at three different concentrations.

The under lying principle of this method is

described as followss

for a non-aggregating species,such as cadmium ions,

the diffusion current 1^, is proportional to the molarity

of the speeies in solution e,l,e, the plot of logt. id

against logu c is linear and of unit gradient. Aggregating

species such as dye ions,would deviate from this ideal

behaviour.

In actual experiments the difference in the

logarithms of the diffusion currents of equimolar solutio.
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of dye ions and eadmium Ions <*a logi« id. Is plotted as a

function of log i.e. Those plots are linear aad horizontal

for a non-aggregating species while aggregation causes the

upward deviation from this line, I.1ace the limiting current

is proportional to the square-root of the diffusion

coefficient D, (id «D1^2) »the plot of •alog*. id
against log*, c is also,the plot of -6 logt» D ( the

difference between the logarithms of the diffusion

coefficients of cadmium ions and the dye ions ) against

log*, e

Furthermore,D is related to the molecular weight

since the plots of logu 0 against logte ( molecular weight

also gives a linear relationship (vide ref.17) • Thus

the values of *A logu id can be converted both in terms

of -a logi. D and log to ( molecular weight )•

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 glycine buffer at pH 6.00 (Fig.3 ).

To make the use of calibration curve of Cd (which is

reduced by two electron transfer reaction ),the limiting

current of Cd++ ions obtained from their polarograms

(Fig.l ) was multiplied by two. The logarithma of twice the

diffusion current of Cd*4 ions and that of the dye was ther

plotted against log*, (molarity ).The two curves are shown
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la Fig.20. A linear curve is obtained with Cd ions

while thet of the dye shows a deviation from linearity

after a certain concentration of the dj9 ( 1.0 x 10*^ )•

The difference of logarithms of diffusion currents

of Cd** ions and dye as found from the above curves

(Table 2 ) was further plotted against dye concentration,

log *• e (Fig. 23 )• From the plot a horizontal line

( parallel to the concentration axis ) was obtained up to

the coacentratioa 1.0 x 10*4 M. Beyoad this coacentratioa,

an upward deviation from the horlaontal line was observed.

It was thus concluded that the dye remained in the

molecular state upto the coacentratioa 1.0 x 10*^ aad

thereafter got aggregated rapidly.

The aggregation number can be found if the

molecular weight of the dye can be related to the ld or

D. since a linear relationship Is found to exist between

9 aad molecular weight, the aggregation number (20 can

be found by reading the molecular weight on the second

scale of the fig,23, on which the plot of aft log*. 0

against log**, c are showe Fig. 23 depicts the plots

of -6 log|old ( or -a log*. D) against log*, e along
with the seales of aggregation number and log*, (molecular

weight ) on the right hand side. Assuming that the

horizontal portion cuts the logs* ( molecular u>t>) axis

at uait aggregation number,tae dye concentration corres-
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ponding to different aggregation number can be found

from the part of the curve showing upward deviation.

In the calculation of aggregation number,it was further

assumed that the diffusing species was the dye ion while

aggregates contaia both dye ions and counter lone

The data for crystal violet were similarly

calculated. The results are summarised ia the following

tables.



Concof
CdCli

(xie*4* )

log o

2.00
5.00

10.00
15.00
20.00
25.00
30.00
40.00

Fig.

-3.6990
-3.3110
-3.0000

-2.6900
-2.6021
-2.5229
•2.3980

em*»* TeO*\f y*

For the calibration of
oongo red

*d
UA

0.80
2.10
4.75
7.28

10.00
13.00
16.80
21.80

2x1
d

BJ8

1.6
4,2
9.5

14.5
20.0
26.0
31.0
43.0

log^l.

0.2041
0.6232
0.9777
1.1614
1.3010
1.4150
1.4913
1.6336

Cone.of
Odds

(xlO*4*

2.00
3.34
6.87

13.34
20.00
33.34

48.67

*©«„•

-3.4763
-3.1769

. *

-2.6980
-2.4763
-2.3307

For the calibration of

sryttfot Ylfl*e,vt •• ••

UA

1.30
2,00
3,90
7,00

10,80
16,40
22.60

2

log 1,

0,1139
0,3010
0,5910
0,3451
1.0212
1.2134
1.3541
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Aeauralng that tha horizontal line in tha plot of

-A logo ld ve.logt* « corraaponda to tha aggregation
number equal to oaa and any deviation from it point*

towards the aggregation of the dye molecule ( loc.clt.) f

the following inforaation regarding the molecular atate

of the dye at different concentrations and ia preeence of

various addltivea can be obtained!

COHOO REPt

It la seen from the fig.23fcurve a,that congo red

remains in an unaggregated for* below 1.0 %10**H. Beyond

thla concentrationtthere Is an ateep riae in the -A logu id

vs. logt« c curve, thereby showing that the aggregation

number varies widely within a narrow concentration range,

the results given in table 1 reveal that a five fold

inereaee in concentration brings about a tremendous increase

in the aggregation number ( 7 to 1437 )•
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StL£S&2&-£8&»

Table 1.

Dye cone. M,
""OTH H1?* 2\4H

<xkT*h > °»° *S* vrs 6. OK

2.0 8 1 1 1 1 1 1

4.0 7 1 1 1 1 1 1

6.0 13 8 1 1 8 1 1

3.0 32 a 8 1 8 8 1

10.0 40. 20 6 2 4 3 1

20.0 1437 361 51 14 JfeTBTST 114 10

40.0 (With
tendency
to preel*
pitate)

3080 1437 1922 3216 2877 897

From the above table it ia also evident that

the aggregation numbers are very such effected in
presence of the additives, the effect being most marked
with urea and formaaide. For example, the aggregation

number is reduced from 40 to 20 in presence of IM urea

and the dye appears to exist as a dimar in 6K urea.

Similarly the aggregation number of 1437 is reduced to

10 in 2.4M fornamide.

Methyl alcohol also lnfluencea the aggregation

number but its effect could only be realiead at higher

dye oonoentratloa ( 20.Q x 10**M ) where a marked change

from 1437 to 443 was observed with XOi aloohol.
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mm* mm*
From the plota of w*. log*. id vs. logu «

( Flg.30 ),it Is seen that the dye remains in an

unaggregated form at ^9ry low concentrations,4.0 xlO*1*
(as against 1.0 x 10**M for congo red) • Moreover the

deviation from the horizontal line is very little aad

the aggregation number ( vide fable 2 ) doea not go

beyond 6 even with three fold increase in dye concentra

tion. Unlike oongo red the aggregation number does not

go on increasing with concentration but assumes a constant

value after an optimum dye concentration.

All the additlvea bring about a decrease in the

aggregation number so much so that in presence of 3K

urea 1.2M formamlde,the dye exlats as a dimer.

Table 2.

'TT»TejfTrnT>«mnnn ,.

0.4 1111111 1
0.6 2 111111 1
0.8 8111111 1

1.0 6 1116 1* 1
2.0 6411611 1
3.0 6628623 1
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The addition of methyl alcohol to the dye also

brings about a reduction in the aggregation number. But

here again this effect Is realised at higher oonoentratloa

The effect of additives on the dye aggregation

is more clearly observed by computing the data on aggreg

ation point and dye eoncentratlon for an aggregate of

a fixed number < 1000 molecules in the oase of oongo red

and 6 molecules in the oase of crystal violet ) of dye

molecules.

Table 3.

Effect of urea and formamide on the aggregation PPtat

and concentration of an aggregate of 1QQQ molecules of

jonso red.

Additive Additive Aggregation point Cone.of an aggre-
cone. (%^ey,} «»te

( x 10 * II )

Urea 0.0 1.0 20.0
1.0 M 4.0 22.7
3.0 K 6.0 36.4
6.0 II 8.0 50,0

Formamide 0.6 M 2.0 31.7
1.2 M 4.0 36.4
2.4 II 10.0 60.0

From the above table it will be observed that

both the aggregation point and dye concentration for

aggregate is increased with the addition of lncreaalng

amount of the additive. Similar behaviour la observed

with crystal violet as can be seen from the data In



the following table.

m**% viC tt*ttif9l

JsmmTMsatfsml F9eft» JB4 smBsmmmmtmMmml amt Ml HftiTfffllVf
mmJUsm1smmm\sm1 Hi smMamm\Jttsmmtss

Additive Additive
oonc.

0.0
1.0 H
3.0 M
6.0 M

Formamlde 0.6 M
1.2 M

Methyl 10*
alcohol 20%

Table 4.

Aggregation
point

{ XlO***! )

0.4
1.0
2.0
2.8

0.6
2.0

2.0
4.0

18?

Jonc.of aggregate

( x 10**M )

uo
2.4
5.0
5.0

1.0
4.0

4.0
6.0

The increase in the aggregation point ( and so

also the concentration of the dye required to aggregate

fixed number of molecules) can be explained on the

basis of the breaking of the water structure by the

addition of urea,formamlde and methyl alcohol. Their

addition not only brings about the weakening of

hydrophoble tending between the molecules of the dye

aggregate but results In enhanced peptization. At

higher concentrations where the dye would normally
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get precipitated,its dispersion la non-aggregated

form takes place by the addition of substances which

are well known for shifting the nHsO <M H§0 )B

equilibrium 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,

interfaclal tension etc. of the solutions of the

additives* For example,amides which got polymerised at

a lower concentration than urea can not be used in

larjer quantities to suppress aggregation.

Similarly in water-methanel systemffew methanol

molecules may penetrate into the aggregate due to the

partition equilibrium bringing about disaggregation.

Addition of large amounts,however,effects the solvent

property and precipitation of the dye takes place with

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 OT, highly

insoluble non-ionic aso dye la increased by a factor of

roughly 10 in 10M urea. Alexander and Stacey ( 18 )
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investigated several highly aggregating acidic 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 a non

aqueous enviornment,or the association of methylene

blue to form aggregates,are all less favourable

because of less gala in entropy. They observed a marked

lowering in the aggregation of pinacyanol chloride

in presence of urea.
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The utility of surface active agents in industry,

technology,biology,medicine,agriculture etc. la being

increasingly recognised. This recognition came through

the painstaking researches on certain fundamental

properties of surface active agents like.moderate maximum

concentration of molecularly dispersed species,micelie

formation,surface and interfaclal depression,solublilsatlon

etc.. Most of the work on the above mentioned properties

has been done with Ionic surfaotanta and enough scope

exists to carry out fundamental studies on non-ionic

surfactants. Another aspect of the chemistry of surfactants

which has not been satisfactorily Investigated is the

interaction between themselves or with other substances

like dyes,proteins,clays,heavy metals,silicates,high

polymers etc.. Investigations on these lines may form the

basis of useful study both from the fundamental and

applied viewpoint. The work described in the thesis

incorporates the following of the above Mentioned aspeetsi

( 1 ) the behaviour of non-ionic surfactants as polaro

graphie maxlaa suppressors and their relative superiority

to ionic surfactants, (11 ) c.m.c.determination of non-

ionic surfactants by polarography and spectrophotometry

( iodine solubilization and spectral dye methods ) and

with the help of eiectrocapiiiary curvee-e method which
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has not so far been used for e.sue.determination and

offer a new approach for extensive studies,( ill )

quantitative studies on the binding of dyes with ionio

surfactants carried out spectrophotometriealiy, ( iv )

polarographie estimation of ionic surfactants by determin

ing the decrease in wave-height of dyes, ( v ) polaro

graphie determination of aggregation number of dyes and the

effect of addltivea,known for breaking the water structure,

on the aggregation of dyes.

POLAROORAPHIC MAXIMUM SUPPBaTSIQiJ.

A comparative study on the efficacy of non-ionic

and eatlonle surfactants In suppressing the polarographie

which are difficult to suppress in such oases as

Pb4*,**!**,!***- Ni** mixture in pyridine, Co**,CdIs-KI
complex,Cu-biuret,Cu-glycine completes and U§ in &C10«

and phosphoric acid waa studied. The following conclusions

were arrived atl

( 1 ) The non-lonle and cationic surfactants suppress

both the positive and negative maxima with equal oase.

( 11 ) The behaviour of non-ionic surfactants as

maximum suppressors is not different from that of eatlonle

surfactants, although in a few caaes ( e.g., maxima

of Si*4, Co** and Pb** ) lesser quantity of non-

lonlos is required. Both type of surfactants are
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definitely superior to the anionic surfactants like alkyl

aryl sulphonates,la the sense that much lesser quantities

of these surfactants are required in suppressing the

maxima which are not easily suppressed ( pp.38-40 ).

( ill ) ion-ionic surfactants have an extra advantage

over the eatlonle ones In not undergoing chemical

interaction with the depolariser. Thus the cationic

surfactants,eetyl trimethyl ammonium bromide ( CTMAB )

and eetyl pyridinium bromide ( CPB ) cannot be used for

suppressing the aaxlaa of Cdla-KI complex due to precipi

tation. The maximum suppression point ( M.S.F.) values of

tfonidet F40,lonex 501 are much lower (order 10*a gms/l.)

than lauric acid diethanolamine condenaate ( LDC ) and

Honldet P42 ( order 10** gms/l.) and follow the following

ordert

lonex 501 >y Nonldet P40 » itenldet P48 > LDC

( iv ) The amount of the non-ionic and eatlonle surfactant:

required to suppress the maximum is dependent on the

E^2 of the depolariser. Those with Kjyg in the vicinity

of eiectrocapiiiary zero ( e.c.s.) 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.41,42 )•

(v) The pronounced maximum of tJ**ln 0.05M KClOs and

3M phosphoric acid Is suppressed with a wmry small amount
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of noa-loaie and cationic surfactants without bringing

about either any distortion or irreversibility in the

polarographie wave or any shift in E^ *nd ld(P»42)•
r?£Cf OF gOy-IOHjC AND CATlOjIIC SUKFACTAKTS OH 1U£

.^WAik{^,r^^mM^m^m.t.m<^

It Is observed that the gradual addition of these

surfaetants bring about a shift In the e.c.s.resulting

in the distortion of the symmetry of the eiectrocapiiiary

curves. The shape of theae curves also provide evidence

of desorptlon In the region where the curves aerge with

the normal one ( pp.43,44 ).

With eatlonle surfactants like CTMAB,the shift

In e.ex.towards the positive potential la smaller than

that observed in the case of non-ionic surfactants. From

this it may be concluded that the non-ionic surfaetants

get more strongly adsorbed at the mercury surface than

the cationic surfactants.

An altogether different behaviour,howcver,is

observed In the ease of WC where the top of electro-

capillary curve starts gradually flattening without

bringing about a shift in e.e.x. ( p.45 )•

The experimental evidence regarding the need of

smaller amount of non-lonle surfactant In ooaparlalon to

eatlonle ones can be explained in terms of greater

adsorbablllty of non-lonle surfaotanta and their effect
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in bringing about large positive shift in e.o.s..

ar^j.DgrpagMaTio» G/'aoa-ionic surfacu^:s.»
The polarograFhic and eiectrocapiiiary curves data

described above were used to determine the c.m.c.values

of non-Ionic surfactants. The plots between lrr.H*ti» /

diffusion an<L 9^9W**Nm of surfactant concentration
give two polarographie charaoterstlcs of the surfactants,

vis.,polarographie micelle point ( P.M.P. )9and maximum

suppression point ( M.S.P. ). The former is obtained

from the point where the first discontinuity appears in

the curve while the latter is determined by extrapolating

the curve to i1M«llBU8/idiffusion " l ( MP*76-77 >»
It is found that the P.M.P. valuea differ very litti

from each other irrespective of the cations used or the

supporting electrolyte added. These values range within

narrow limits. For example,the range of the P.M.P.values

lies between 0.3 and 3.0 x 10*"* gms/l. f 1.60 and

3.80 x 10** gms/l., and 7.84 and 16.40 x 10** gms/l. for

Konex S0i,2fonidet P40 and Ifonidet P42 respectively.

Similar behaviour is observed with LDC,inspite of the

fact that LDC la 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.S.P. values can both be correlated

to the e.m.e. of the surfactants,although it la usual to
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correlate it with the former. Any how the P.M.P.values are

much lower than the c.m.c. values obtained by other

methods like,Iodine solubilization, spectral dye, and

surface tension methods,which,incidently compare

favourably with each other ( p. 30 ).

The c.a.c.of the surfactants can be found by the

eiectrocapiiiary curves method. The plots of drop time

vs.log concentration,show an Initial slow change followed

by a sharp decrease in drop tine until a concentration

of 10** gms/l. 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 concentration can be taken as the point of incipient

micelle formation ( p.30 ).

Unlike the polarograi hie method,the cm.c.values

determined by this method compare favourably with those

obtained by iodine solubilization,spectral dye and

surface tension methods. The small discrepancy may be

attributed to the presence of electrolyte,KCI. The

importance of eiectrocapiiiary curves method can be all

the more emphasised when dealing with non-lonle surfactants

which have low o.m*c. values.

SF&CTROi-HOTCMLlRIC STUDIES Off SUaFACTAfflT-DYS I:*TSRACTI0*1

The quantitative studies on the interaction of

anionic surfactants with basic dyes (malachite green,
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rhodamine 60 and rosaniiine hydrochloride ) and that

of eatlonle surfactants with acid dye ( congo red )

were studied spectrophotometrlcally at different pHs.

The spectral shift In the dye ( both acedlc and basic )

maximum as well as an increase in absorbence on the

addition of either anionic or cationic surfactants can

be explained on the basis of the formation of the

surfactant-dye com;lex after giving due allowance to

intermolecular and tnteramolecular changes accompanying

pH variations of the medium. The extent of binding

was oalculated by Klots*s method ( vide J.Amer.Chea.

Soc. 6J ,2299 ( 1946 ))•

From the results on the binding of malachite

green and rhodamine 63 with anionic surfactante,it may

be seen that small amount of dioctyl sodium sulpho

succinate ( Manoxl OT ) Is needed for the complete

binding of the dye ( p.126 ) whereas relatively larger

amount of DS Is required under the similar conditions

( p.126 ). with rosaniiine hydrochloride the behaviour

is altogether different. Small amount of either of the

surfactant Is sufficient for the complete Incorporation

of the dye Into the surfactant micelle.

The surfactant-dye interaction can be uaed te

determine the amount of surfactant bound per molecule
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of dye from the plots between absorbence and surfactant

concentration assuming that all the dye got bound with

the surfactant at the inflexion point ( p.127 )• Since

these levelling off points are at concentrations higher

than the c.m.c. ( pp.140,141 ),it can be concluded that

the surfactant Interact with the dye only in the form

of micelle. Assuming that itl interaction between

surfactant and rhodamine 60 and malachite green takes

place,lt may be Inferred that the surfactant micelle

Interacting with the dye is aade up of 100 surfactant

anions. In the case of rosaniiine hydrochloride, Ii3

dye-surfactant complex is formed resulting a possession

of three surfactant micelles per dye ion, having about

66 surfactant molecules in each micelle ( pp.123,129 )•

In the case of cationic surfactants and acid dye,

a large shift in dye maximum was observed at pH 2.0

( from 560 to 460 mu ) by the addition of small amount

of CTMAB or CPB. At pH 7.0 and 9.12, an Insoluble dye-

surfactant complex was found to be formed which got

solublllsed in excess of the surfactant ( pp.131,132 ).

At pH 2.0, the extent of binding was calculated

using Kltoe's formula. Absorption studies on eatlonle

surfactants at this pH go to show that three aoleoules

of CTMAB and four molecules of CPB are required to
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solublise the in soluble dye-surfactant complex formed

at pH 7.0 and 9.12 ( p.138 ) .

POLAROORAPHIC BSTIMAltOft OF I0.11C SUBFACTAHT8

Polarographie reduction of dyes,vis.,congo red

and alizarin Red S with CTMAB and CPB and that of

methylene blue in presence of DS and Manoxl OT provided

the following informations

( 1 ) Congo red is reduced by four electron transfer

reaction while alizarin Bed S and methylene blue by two

electron transfer reaction.

( 11 ) A gradual decrease in the limiting current is

observed by the addition of increasing concentration of

the surfactants In the fora of the precipitate of an

insoluble dye-surfactant complex.

( ill ) A linear behaviour Is observed from the plots

between decrease in wave height and surfactant concentre*

tlon*

( iv ) When stoiohloaetric amounts or excess of the dye

is present,a fine precipitate settles out slowly. Excess

of the surfactant reduced the flocculation resulting

in the formation of a stable suspension non-reducible at

the d.sue..

( v ) The binding ratio of congo red and allaarin Had 8

with CTMAB and CPB and that of methylene blue with

Manoxl OT can also be computed from the polarographie
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data. In all the oases,the surfactant-bound dye ratio

is found to be independent of the surfactant ( pp.153-

160 )• The binding ratios are Ii2 for congo red

CTMAB or CPBf lilO for alizarin Red S-CPB| 2il for

alizarin Eed S-CTMAB mixtures. From these ratios It can

be concluded that alizarin Eed 8 has a greater affinity

for CTMAB than CPB.

Some interesting results were obtained by the

Interaction of methylene blue with DS. In this case a

second wave of constant height appears after the normal

reduction wave In the mixtures containing 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 surfactant. Moreover a shift in half wave potential

towards the more positive side is observed. In eases

where much higher concentration of the surfactant is

used and anodic step is also realised (pp.161,162).

The computation of polarographie data in this

ease reveal that 0.2 mole of Manoxl OT is bound with

one mole of the dye ( p.161 )•

POLAROQRAPHIC DgTKRHIflAl 10 i OF AOOBSQAIIOH mJMB&R OF DYSHEM mm wax>mm ®nm *Mm&im *-
The aggregation number of two dyes,viz., oongo

red and crystal violet with and without presence of
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addltivea known for breaking the water structure was

studied by polarographie method.

From the plot of the difference of logarithms of

diffusion currents of Cd ions and dye (•& log*, ij vs.

logarithms of dye concentration ( log*e e ), the

aggregation point and the aggregation number were

calculated. It Is observed that congo red remains in an

unaggregated form below 1.0 x 10**M beyond this concentra

tion, there is an steeprise In the «& log*. ld vs.logt.c

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 ), although In the let er tendency for precipitation

exists ( p.182 ).

The addition of increasing amounts of urea and

formamlde lovers the aggregation number greatly. For

example,the lowering in aggregation number from 40 to

20 takes place with IM urea while the dye exists as a

dlmer In 6M urea at concentration 10.0 x 10~*M. Similarly

the aggregation number of 1437 Is reduced to 144 In 0.6M

formamlde and 10 In 2.4M formamlde at dye concentration

20.0 x 10**M ( p.182 ).

It is seen from the «& logie id vs. logte e curve,

that crystal violet remains in the unaggregated form

below 4.0 x 10*%. At higher concentratlon,upward
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deviation is observed but unlike congo red is limited

to a small concentration range. Thus with tenfold increase

in dye concentration,aggregation number attains the

maximum value of six. As before the additives lower the

aggregation number of the dye ( p.183 )•

The effect of methyl alcohol also Influences the

aggregation number of congo red and crystal violet but

this effect is realised only at the higher dye concentra

tion. Likewise the aggregation point and the conoentratlon

of the dye required to fora 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 towards the higher conoentratlon range by the

presence of urea, formamlde and methyl alcohol ( pp.154,

186).

The results has been explained on the basis of the

breaking of the water structure by the addition of urea,

formamlde and methyl alcohol resulting in the loosening

of the hydrophoble bonds in the dye aggregates.
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Laurie Acid—Diethanolamine Condensate as a Polarographic
Maximum Suppressor

Sik: A number of communications
U~7) have discussed the importance and
utility of soaps (sulfonated phenyl,
xylyl, and tolyl stearic 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,
laurie acid-diethanolamine condensate

(LDC), in suppressing the polarographic
maxima of Pb+2, Ni+2, Co+2, Ni+2-Co+2
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 laurie acid (BDH)
with diethanolamine. Biuret {2) and

Table 1. Relative Effectiveness of Ionic and Nonionic Soaps
as Maximum Suppressors

Ions or LDC SPSA STSA SXSA DPB IDEH

complexes io-w 10"8M 10"6Af 10"6Af 10 ~hM 10"6Af

Pb+2 in KN03 2.0 23.5 23.8 12.1 6.17 7.38

Ni+2inKCl 7.0 43.9 56.01 56.01 7.38 7.38

Co+2inKCl 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

CdI2-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 34.88

Cu-glycine 9.0 16.9 60.05 6.05 6.172 7.38

Cu-succinimide 12.5

LDC = Laurie 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 the
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

Laurie acid-diethanolamine con
densate is a useful maximum suppressor
for a number of metal and complex ions
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1 DIVISION = 0.2 VOLT

Figure 1. Effect of LDC concentration on suppression of maxima

A: 2.5 X 10~3M CuS04 in 2.5 X 10~2M biuret at
Concn. of LDC in a. None

b. 2.0 X 10 ~»M
c. 3.0 X 10 "5M
d. 5.0 X 10 ~5M
e. 6.0 X 10 ~5M

Each curve starts at —0.0 volt

2.5 X 10 "3M Cdl2 in 0.1 M Kl at
Concn. of LDC in a. None

b. 2.5 X 10 ~6M
c. 5.0 X 10 "5M
d. 8.75 X 10_6M
e. 10.0 X 10"6M

Each curve starts at —0.3 volt

whose maxima could not be suppressed
by the surfactants usually employed.
For example, Kolthoff and Lingane (S)
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
10~W could suppress the wave (2?1/2 =
— 0.7 volt) without changing its re
versible nature (Figure 1).

In our early investigations (4^7), it
was found that the cationic 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+2,
Co+2, Ni+2-Co+2 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 10-W) required to sup
press the positive maxima (Pb+2) is
quite small in comparision to the
amount of LDC (9.0 X 10"6M) re
quired to suppress the negative maxima
(Co+2). 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. It appears that in
the higher pH range, the sulfonate ion
of alkyl-aryl, dodecyl, and dodecyl

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-

Table II. Drop Time at Different
Potential in Copper Glycinate + LDC
Mixture in Supporting Electrolyte

(KN03)

Copper glvcinate
glycinate + 0.1M
+0.1M KN03 +

Potential KN03 soap (9.0
volt t, sec. X 10"6Af)

-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

0 0.2 0.4 0.6 0.8
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Figure 2. Electrocapillary curve

1.0

A. Without soap
With soap

porting electrolytes. Figure 2 illustrates
a typical case of the electrocapillary
curve in 0.1Af KN03, 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 (1). Both

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 Em,
and beyond a concentration of 5.0 X
10~W 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 Laurie Acid-Diethanolamine

Condensate by Polarographic and Spectrophotometnc
Methods: A Comparative Study
WAHID U. MALIK and PURAN CHAND, Chemical Laboratories, University of Roorkee, Roorkee, India

Abstract

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

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

Introduction

Nonionic surfactants of the fatty acid-diethanol
amine condensate type, particularly laurie 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 ionic 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 laurie acid-diethanolamine condensate
(LDC) can be usefully employed as a suppressor of
polarographic maxima (12) of difficult suppressable

as ] 2

1.1

• NiCUKCI

O Cu-biuret

O CoCls-KCI.

LOG CONCENTRATION

Fig. 1. Plots between log cone, and 'maximum/'diffusion
current.

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

Another interesting aspect of the study on nonionic
surfactants can be the determination of critical mi
celle concentration (cmc) 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 cmc values obtained with and with
out the electrolytes. That is, the cmc values of LDC
obtained 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 object 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 imaxtmum/iditfusion vs. log
concentration of LDC and taking the point where
first sharp discontinuity appears and the maximum
suppression point (MSP) (14) obtained by plotting
iiraximr.m/idiffusion vs. log concentration of LDC and
extrapolating to unity are shown in Figure 1.

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

The stock solution of iodine (A) was prepared of
concentration 10~3 M. The stock solution of the non
ionic surfactant (B) whose cmc was to be determined,
contained a known concentration 10~3 M) of the sur
factant well above its cmc. 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
cmc 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 nui (iodine-micelle complex



TABLE I

Comparative Values (Order 10-BM) of MSP and PMP for LDC, SPSA, STSA and SXSA

Ions or
pH

LDC SPSA STSA SXSA

complexes
MSP PMP MSP PMP MSP PMP MSP PMP

Pb+2 in KNOa 5.15 1.99 1.00 17.38 9.80 5.62 2.18 3.80 1.29
C0+2 in KC1 2.95 8.99 5.99 17.38 4.90 120.20 34.67 83.18 10.47
Ni+2 in KC1 4.92 6.99 3.98 43.65 8.20 50.12 48.98 50.12 36.31
Co+2Ni+2 in pyridine 175.00 100.00 363.10 121.00 20.89 4.89 20.89 4.78
Cdl2 —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 5.11 4.26 5.11 3.98
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

LDC = Laurie acid —diethanol amine condensate.
SPSA = Sulfonated phenyl stearic acid.
STSA = Sulfonated tolyl stearic acid.
SXSA ^Sulfonated xylyl stearic acid.

maximum). It was always found important to take
the reading within an hour of the preparation of so
lutions, 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 LDC are given in Table I (Fig. 1).

The MSP values are almost of the same order
(10_6M) except for the Ni+2 —Co+2 mixture in pyri
dine where a very high concentration of the LDC
(10~4M) is required to suppress the polarographic
maxima. A similar discrepancy is observed in the
case of PMP values for the Ni+2 —Co+2 mixture in
pyridine, otherwise the PMP values for other ions
lie in the same concentration range, viz., 10~5M. Al
though the order of the MSP and PMP values in the
presence of different supporting electrolytes is CI- >
I" > N03", the values do not differ much from each
other as observed in the case of ionic 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 cmc values of ionic 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
biuret 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 cmc
values of LDC. 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 PMP values of alkylaryl sulfonates
in the higher pH range on the basis of enhanced dis-

TABLE II

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

cmc values (order 10-EM)

Method
Without

electrolyte KC1 KNOa Kl

Polarographic
LDO
SPSA
STSA
SXSA

Spectrophotometric
LDC 4.0
SPSA» 8.0
STSA" 10.0
SXSA- 12.0

3.98
8.20

48.98

36.31

4.0

1.00
9.80
2.19
1.29

4.0

2.50
12.10

7.94

5.37

4.0

1 The cmc values have been taken from the PhD thesis of S. P. Verma.

Relative Effectiveness

TABLE III

of Anionic and Nonionic Surfactants

Sur Molecular
Weight

Concentration to suppress the
polarographic maximal 10~5M

factant
Pb+2

in KNOa
Cdl2 — KI

complex
Cu-

biuret

LDC
SPSA
STSA
SXSA

290

1 1 1

15 1
469

2.0
23.5
23.8
12.1

10.0
238.0

23.8

23.8

6.0
83.3

60.5

4.9

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

There are several factors which may be responsible
for the lower cmc values of LDC as compared to the
alkylaryl sulfonates: (i) the amido (-CON <) group
is less hydrophilic than the sulfonate group (x —
SO3-) ; (ii) 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 ionic detergents but only to the first
power of the concentration of nonionic material. An
other interesting fact emerges from these studies.
Unlike ionic surfactants, the nonionic ones, even of
low molecular weight suppress the polarographic
maxima at much lower concentration. This is evident
from the comparison of their molecular weights
(Table III).

It has been found that the cmc 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 II). It is also observed that the cmc
value is not at all affected by the presence of different
electrolytes viz., KC1, KN03 and KI by the solubiliza
tion method. The results on the cmc values of LDC
described 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

O WITHOUT ELECTROLYTE

• WITH KCI.

0.4 0.6

LOG CONC

Tig. 2. Plots between log cone, and optical density.

0 8 1 0
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the polarographic and spectrophotometric methods in
this case is also very significant.
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