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Abstract

Surfactants are amphiphilic molecules having a dydilic or water soluble moiety (head group) and a
hydrophobic, or water insoluble moiety (tail groupurfactants are not only related to soaps anerglents, they
are also in heavy demand for industrial procesegsiring colloid stability, metal treatments, miakflotation,
pesticides, oil production, pharmaceutical formolat emulsion polymerization, particle growth anénmy more.
That is why surfactants have been and continue ta \ery active area of scientific research andnsernial growth
for several decades. One interesting property ofastants is that at low concentrations, they exsiely as
monomers. The formation of micelles, begins at acjg surfactant concentration termed the critingitelle
concentration (cmc), where the physical propertigsthe solution, such as interfacial tension, eieal
conductivity, and light scattering behaviour, oftdranges abruptly due to the existence of micellbs. formation
of micelles will be able to calculate various thedynamic parameters. These parameters make suntfaciat only
an interesting and rich area for the exploratiom@fel phenomena but also an area of research whichHead to
new applications in a variety of fields. Howevemshof the previous studies on surfactants ardadiiio aqueous
media only. Studies in mixed solvent media are veayural one as one can modulate the conformatidns
surfactants and their interactions easily by simgyying the composition of the media. With th@ncept, the
research team of Eastern Nepal has started to tlwerkolution properties of surfactants in differeriked solvent
media in presence and absence of salts and hametstigated cationic and anionic surfactant extéon in mixed

solvent media
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1. Introduction

Surfactants are amphiphilic materials containinghbe polar long-chain hydrocarbon “tail” and polar,
usually ionic, “head” groups. In polar solvents; &xample water, this dual character of the amplaiph
leads to self-association or micellization, thefattant molecules arrange themselves into organized
molecular assemblies known as micelles. In cadbidnd surface chemistry, the critical micelle
concentration (cnjcis defined as the concentration of surfactantwv@lvehich micelles form and almost
all additional surfactants added to the systenoguitelles [1].

The properties of surfactants in mixed solvent mexe an interesting subject. However, very leskwo
has been done for solution properties of surfastamtmixed solvent media. The following popular
methods were used in the eastern part of Nepadientific investigations on the solution propested
surfactants in mixed solvent media:
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1.1. Electrical conductivity

In the case of ionic surfactants, the utilizatidrelectrochemical measurement is much more conugnie
especially the measurements of the electrical cotihdty of their solutions with varying concentratti.
The conductometric method is based on the findirg lareaking point on the curves, which descrilee th
concentration dependence of conductivity [2]. Teestigate the solution properties of surfactarits, t
electrical conductivity method is very promisingeoas one can study the various thermodynamic
parameters.

Shah et al. [3] measured the specific conductieitycationic surfactant (Dodecyltrimethylammonium
Bromide) and anionic surfactant (Sodiumdodecyl Balp) in methanol-water mixed solvent media
containing 0.1, 0.2 and 0.3 volume fractions of maebl at 308.15 K. The specific conductivities of
Dodecyltrimethylammonium Bromide and SodiumdodeSylphate were increased with increment in
concentration and decreased with increment in thenve fractions of methanol. Also, the critical elle
concentration (cmc) was increased with incremenwvafume fraction of methanol in case of both
surfactants. The free energy of micellizatissim) was calculated.

Bhattarai [4] studied the solution behavior of afactant in methanol water mixed solvent media by
electrical conductivity methods. Cetyltrimethylanmian bromide (CTAB) as the surfactant used in this
investigation. The micelle behaviour of cetyltrilmgammonium bromide in methanol-water mixed
solvent media containing 0.10 volume fractions eftimanol at 308.15 K was observed by the value of
critical micelle concentration (cmc) obtained framonductivity and found to be 1.13 mM which was
higher than that of cmc of cetyltrimethylammoniunoinide in water. In water, the cmc of CTAB was
reported5] to be 1.007 mM from conductometry.

Bhattarai et al. [6] measured the specific conditgtiof cetylpyridinium chloride in pure water and
ethanol-water mixed solvent media containing 00.20, 0.30 and 0.40 volume fraction of ethanol at
room temperature. It was found that the condugtiait cetylpyridinium chloride decreases with the
increase in the volume fraction of ethanol. Théaal micelle concentration of cetylpyridinium childe
was found to be increased with the increment invtileme fraction of ethanol.

Niraula et al. [7] studied the conductance of sodidodecyl sulphate in  presence and in absenk€bf
and NaBr in methanol-water mixed solvent media a@iminig 0.1, 0.2, 0.3, and 0.4 volume fractions of
methanol at 308.15 K. The results showed a shanedse in conductivity with increase in concenrati

of sodium dodecyl sulphate. Also, the conductivity sodium dodecyl sulphate was increased with
addition of salts. The conductivity of sodium dogesulphate was decreased with increment in amount
of methanol. The conductance of sodium dodecylhaipwas found more in presence of KCI than NaBr
in methanol-water mixed solvent media containirlg 0.2, 0.3, and 0.4 volume fractions of methanol.

Bhattarai et al. [8] measured the specific conditgtiof sodium deoxycholate in pure water and etihan
water mixed solvent media containing 0.10 and O@ume fraction of ethanol at 303.15 K.The
conductivity of sodium deoxycholate was found todeereased with the increase in the volume fraction
of ethanol. The critical micelle concentration afdaum deoxycholate was found to be increase with
increase in the volume fraction of ethanol.

Niraula et al. [9] studied conductivity of sodiuradcyl sulphate in presence and in absence of K&r a
NaCl in methanol-water mixed solvent media contegrd.1, 0.2 and 0.4 volume fractions of methanol at
308.15K. The results showed a sharp increase idumiivity with increase in concentration of sodium



A. Bhattarai / BIBECHANA 11(1) (2014) 175-180: (Online Publigat: March, 2014) p.177

dodecyl sulphate. Also, the conductivity of sodidadecyl sulphate was increased with addition désal
The conductivity of sodium dodecyl sulphate wasfibto be decreased with increment in amount of
methanol. The conductance of sodium dodecyl sutpvass found more in presence of KBr than NaCl in

methanol-water mixed solvent media containing 0.2,and 0.4 volume fractions of methanol.

Also, Niraula et al. [10] studied conductometriadsés on the effect of NaBr on the micellizatmin
sodium dodecyl sulphate in pure water and methaatér mixed solvent media at different temperatures
containing 0.1, 0.2, 0.3 and 0.4 volume fractiohsnethanol at 308.15 and 318.15 K.The conductance
was decreased with addition of methanol. It wasepnled that the conductance of sodium dodecyl
sulphate was found to be increased with incrementancentration as well as with addition of salt
(NaBr). The result showed that critical micelle centration increased with addition of methanol and
with rise of temperature and decreased with additiosodium bromide.

Shah et al. [11] measured the specific conductieftgolutions of cetyltrimethylammonium bromide in
absence and in the presence of potassium chlamigeethanol-water mixed solvent media containing
0.10, 0.20, 0.30 and 0.40 volume fractions of mathat 308.15, 318.15 and 323.15 K. The conductance
of cetyltrimethylammonium bromide decreased witidiadn of methanol. It was observed that the
conductance of cetyltrimethylammonium bromide iased with increase in concentration as well as with
addition of salt (KCI). The concentrations of KCkre taken 0.0001, 0.001 and 0.01 M during the
experiments. The result showed that critical m&elbncentration of cetyltrimethylammonium bromide
increased with addition of methanol and with riféemperature. Also, the critical micelle concetitna

of cetyltrimethylammonium bromide decreased wittiadn of potassium chloride.

Yadav et al. [12] investigated the comparative wtofl conductance of sodium dodecyl sulphate in
different percentage of ethanol water mixed solveedia at 318. 15 K and found the conductance
decreased with increase of ethanol.

Shah et al. [13] studied the effect of KCI on coetduty of dodecyltrimethylammouium bromide
(DTAB) in presence and absence of methanol at 398.and found the cmc increases with increase of
methanol whereas decreases with the addition of KCI

The above findings were supported by other works. é&xample, the effect of KCI and alcohol on the
cmc of cetylpyridinium chloride (CPC) was studiegd ®hung et al.[14]. They observed the decrease in
cmcwith the addition of electrolyte and vice versabAk and Kartal [15] carried out an investigation on
the effect of ethanol and ethylene glycol on thiéicad micelle concentration (cmc) of CTAB. They
observed that cdecreases upon the addition of ethanol and ethygsel. The value of cmincreased
with increase in temperature, such behavior wasaiserved by Dubey[16].

1.2. Density

The density is very important parameter for therrtiegynamic studies of surfactant [17]. The
thermodynamic quantity known as the partial molafusne has proved to be very useful tool in
elucidating the interactions occurring in solutio8sudies of partial molar volume of surfactantseha
been used to examine the behavior of surfactaatisns [18-23].

Shah et al. [24] measured the density of cetyltitylemmonium bromide solutions in pure water and in
methanol-water mixed solvent media containing 020 and 0.30 volume fractions of methanol at
308.15, 318.15 and 323.15 K and then calculateg#nial molar volumes. The results showed almost
constant on the partial molar volumes with incnegsiurfactant concentration. Also, the partial mola
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volumes were found to increase with increasing wapire over the entire concentration range
investigated in a given mixed solvent medium areb¢hvalues were found to decrease with increasing
methanol content in the solvent composition.

Bhattarai et al. [25] measured the density of sodiauryl sulfate in pure water and in methanol -evat
mixed solvent media containing (0.10, 0.20, 0.3t 8.40) volume fractions of methanol at (298.15,
308.15, 318.15, and 323.15) K .The results wereostinconstant on the partial molar volumes with
increasing surfactant concentration. Also, the iglannolar volumes were found to increase with
increasing temperature over the entire concentratinge investigated in a given mixed solvent madiu
and were found to decrease with increasing methamiknt in the solvent composition.

Bhattarai and Chatterjee [26] determined the diessdf cetyltrimethylammonium bromide in methanol-
water mixed solvent Media at 308.15, 318.15, and.13 K and found the densities increase with
increase of concentration of surfactant. Also, deasities decreased with increment of temperatude a
also decreased with solvent composition.

Bhattarai et al. [27] measured the density of tinary mixtures of cetyltrimethylammonium bromidedan
sodium dodecyl sulphate in pure water and in methaater mixed solvent media containing (0.10,
0.20, and 0.30) volume fractions of methanol at.BB8318.15, and 323.15 K. The concentrations were
varied from (0.03 to 0.12) motlof sodium dodecyl sulphate in the presence of O0xHB)* mol.I*
cetyltrimethylammonium bromide. The results showkdost increase in the densities with increasieg th
concentration of surfactant mixture. Also, the des were found to decrease with increasing
temperature over the entire concentration rangesinyated in a given mixed solvent medium and these
values were found to decrease with increasing methaontent in the solvent composition. The
concentration dependence of the apparent molarmasuappeared to be negligible over the entire
concentration range, investigated in a given migetlent medium and the apparent molar volumes
increase with increasing temperature and were fearcrease with increasing methanol contenten th
solvent compaosition.

Shah et al. [13] measured the density of dodeoyttinylammouium bromide (DTAB) in presence and
absence of methanol at 298.15 K and found thegbantlar volume. The results showed almost constant
on the partial molar volumes with increasing sudat concentration and the partial molar volumeswe
found to decrease with increasing methanol coritetiite solvent composition.

The above findings were supported by other works.example, Igbal and Siddiquah[28] measured the
partial molar volume of the surfactant and found gartial molar volume increased significantly with
temperature. With regard to the partial molar vatuim a mixed solvent, Lee and Hyne[2Bave been
determined the partial molar volumes of tetraalkyl@onium chlorides in ethanol-water mixtures. They
found the partial molar volumes decreased withdasing ethanol content in the solvent composition.

1.3. Surfacetension

Surfactants reduce the amount of work necessaprdate unit surface area i .e. surface tension of a
solution is lowered when surfactants are presedit [Bhe following are a few generalizations regagdi
surface tension and surfactants, followed by audision of surfactants and dynamic surface tension.
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Higher concentrations of surfactants lower theaggftension in comparison to the pure solvent.stée
limiting value of surfactant concentration that gwoes a surface tension decrease is the criticadlimi
concentration [31] Bhattarai [4] measured the surface tension oflicehethylammonium bromiden
methanol water mixed solvent media by Ring method.

The critical micelle concentration of cetyltrimethylammonium kdenin methanol-water mixed solvent

media containing 0.10 volume fractions of methanol at 30R.#f&s obtained 1.11mM but in water, the cmc
of CTAB was reportedb] to be 1.102 mM from tensiometry at 308.15 K whichswess than the cmc of

cetyltrimethylammonium bromidi@ methanol water mixed solvent media.

Jha et al. [32] measuradirface tension of cetyltrimethylammonium bromide in presendénatihe absence of
KCl and NaCl in aqueous media. The results showed a sharp deanesisrface tension with increase in
concentration of cetyltrimethylammonium bromide and thenosinconstant value of surface tension was
observed. Also, the surface tension was found to decreaseaddition of salts. In presence of monovalent
salts, the critical micelle concentration of surfactant was fooigcrease.

Shah et al. [13] measured the surface tension of dodecyltriraetmduium bromide (DTAB) in presence and
absence of KCl in methanol-water mixed solvent medai at 29B.1&nd found the critical micelle
concentration increasing with solvent composition and decreadtimgresence of salt.

The above findings were supported by other works. For exarBplattarai [33] measured the surface tension
of cetyltrimethylammonium bromide and found the increasbervalue of cmc with increasing methanol and
temperature. With the addition of inorganic salts, the redueetfestatic repulsion among the surfactant head
groups is a key factor to influence the morphology of agdesgn ionic surfactant solutions. For conventional
single-chain cationic surfactants, micelles may change from giobadl like or wormlike with the addition of
inorganic salts. Hence the cmc of surfactant found to decratisaddition of inorganic salts [34, 35].

1.4. Viscosity

Like all other surfactants, cetyltrimethylammonium bromadso shows a rapid change in viscosity when the
physical and chemical compositions of the solution are chariged.rise in viscosity has been mainly
attributed to the change in the structure of the cetyltrimatitplanium bromide micelles depending upon the
ambient condition to which it has been subjected. A similarenpmenon happens on
dodecyltrimethylammonium bromide. Viscosities of solusiamcrease with increase in the concentrations. The
increase in the concentration of the surfactants, make the mieeties. There is slightly breakage at certain
concentration, called cmc.

It is also observed that there is increase in the viscogitytie addition of salt. By adding salt to a surfactant,
the solution becomes thicker. The electrolyte increases the sthe diicelles in the surfactants. Hence the
addition of electrolyte to the surfactant solution inducesgfowth of micelle or change in morphology of
micelle due to which viscosity is increased and hence cmc otitfectant decreases [36h the presence of
0.1 mol.I'KBr salt, the relative viscosity of 0.01 m&l.CTAB systems increases with increasing amount of
benzyl alcohol to a value of approximate 1.9 for a benzyl alagmgent of 0.6% (v/v). If more benzyl alcohol
is added, the viscosity is decreased. In the absence of KBthealtiscosity of 0.01 mol'CTAB solution
increases slightly with addition of alcohol due to the incredselume fraction of mixed micelles [37].

The above findings of other works were supported byvibek of research team of Eastern Nepal. For
example, Shah et al. [13] studied the effect of KCI on viscadi Dodecyltrimethylammouium bromide
(DTAB) in the presence and absence of methanol at 298.15 Koand the cmc increases with increase of
methanol whereas decreases with the addition of KCI.
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