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Abstract: Conductivities of sodium dodecyl sulfate have been determined in water and in the
presence of urea and acetamide at 298.15, 303.15, 308.15, 313.15 and 318.15 K. From the specific
conductivity data, the critical micellar concentration, degree of counter ion association, degree of
counter ion dissociation and standard free energy of micellization, standard enthalpy of micellization
and standard entropy of micellization of sodium dodecyl sulfate have been computed. The
thermodynamic parameters of micellization and effect of additives on these parameters have been
used to study the interactions present in the micellar systems. Surfactants are found to enhance the
diffusion significantly depending on hydrophobic/hydrophilic group lengths and the structure of the
surfactant molecule. Aggregation properties of sodium dodecyl sulfate (SDS) in the presence of
additives like urea and acetamide at various temperatures have been measured by the
conductometric study in aqueous solution. The experimental data of aqueous-urea and acetamide
solutions as a function of SDS concentration ranging from 1 to 14 mM dm™ show the presence of
inflexion points indicating micellization and interaction mechanisms. CMC of surfactant increases
with increase in temperature in a narrows range of composition. Considering CMC as a function of
temperature, various thermodynamic parameters have been evaluated viz: (a) the standard enthalpy
change (AH%,), (b) standard entropy change (AS®,) and (c) standard Gibbs energy change (AG%)),
The variation in these parameters with the concentration of surfactant and with the change in
temperature suggests the manifestation of hydrophobic interactions in the studied system.
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Introduction

The monomers of a surfactant in solution aggregates to from monomer assembly called
micelle. The broader threshold limit of monomer concentration called the critical micelle
concentration (CMC). Self-association occurs and micelles form. Ideally, the concentration
of surfactant monomers remains constant above the CMC and is equal to the CMC value as
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more surfactant is added to the solution. Only the concentration of micelles increases'?. The
effect of additives on properties of surfactant solution has been a subject of great
significance in a variety of industrial and technological fields".

As a result, detailed investigation of their behavior in aqueous and in presence of
additives has recently attracted the attention of several investigators*®. Such a wide
application of surfactants is possible because of their unique character of having both
hydrophobic groups in the same molecule. The aggregation phenomena of amphiphillic
molecules involve contributions from both respective forces interactions. Especially in
ionic surfactants, the repulsive forces originated primarily from electrostatic repulsion
between the polar head groups’. Whereas, attractive interaction have generally been
attributed to hydrophobic interactions between the non polar tails of the surfactant
monomers®. The interactions of these two moieties with water and additives are an
important cause for surfactants to aggregate in to micelles and other nano-meter scale
structures in aqueous solution®. The study of specific and non specific interaction of
surfactants with additives has been a subject of extensive research due to its diverse
importanceg. However, in order to have fine details, the interactions of basic structural
units of proteins (i.e.amino acids) with surfactants must be studied owing to the complex
structure of the biological macromolecules'’. The side chains of these building blocks
differ in size, shape, charge, hydrogen-bonding capacity, hydrophobicity and chemical
reactivity. Individually and collectively, these side chains contribute to the structure and
function of protein’. Acetamide is considered to be strong structure-breakers in aqueous
solutions due to the presence of peripheral charges®. Urea is an important fertilizer due to
its wide range of applications in crop production. On the other hand, the commonly used
surfactant sodium dodecyl sulfate (SDS) is reported to act as a more potent protein
denaturant than urea and guanidine hydrochloride''. In continuation of our studies on
thermodynamic parameters, we report here the effect of urea and acetamide on the
micellization of sodium dodecyl sulfate in aqueous medium.

Hydrophobic interactions cause the apolar groups to associate in a hydrocarbon- like
core, with polar or ionic head groups at the surface in contact with water'”. Electrolytes
generally facilitate the formation of ionic micelles, primarily by lowering the coulombic free
energy at the interface resulting in a decrease in critical micelle concentration and an
increase in the micellar aggregation number. So that, at high ionic strength huge surfactant
aggregates is formed'. On the other hand, non-electrolyte organic additives, which can be
further classified as polar and non-polar, affect micellization in different way depending on
the nature of the additives as well as its quality'’. Therefore, the properties of surfactant
solutions, are differently affected in presence of additives. The present work becomes
interesting because the behavior of urea/acetamide in aqueous solutions is somewhere
between strong electrolytes and non-electrolytes'®. Surfactants are amphiphillic molecules
that possess both hydrophobic and hydrophilic properties. A typical surfactant molecule
consists of a long hydrocarbon ‘tail’ that dissolves in hydrocarbon and other non-polar
solvents and a hydrophilic ‘head group’ that dissolves in polar solvents (typically water).
One example of a dual character molecule having a head-group and a non-polar tail is
sodium dodecyl sulphate (SDS), Na* "‘OSO;Cj,H,s. When a sufficient amount of SDS is
dissolved in water, several bulk solution properties are significantly changed, particularly
the surface tension (which decreases) and the ability of the solution to solubilize
hydrocarbons, (which increases). These changes do not occur until a minimum bulk SDS
concentration is reached.
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Several experiments, including light scattering and NMR, show that below the CMC,
the surfactant exists mainly as solvated monomeric species, whereas above the CMC these
monomers undergo self-assembly to form roughly spherical structures (having an overall
diameter of ~5 nm) known as micelles. Micelles are the simplest cluster of all self-assembly
of monomers.

Technically, a micellar solution is a colloidal dispersion of organized surfactant
molecules. Non-ionic surfactant molecules can cluster together in micelles of 1000
molecules or more, but ionic species tend to form micelles of between 10 and about 100
molecules because of electrostatic repulsions between head-groups. One of the key aspects
of micelle structure is that the interior of the micelle consists of an associated arrangement
of hydrocarbon chains (an ‘oil droplet’). The exterior coat is constructed of the polar, ionic
moieties (the OSOs-groups in the case of SDS). This ionic surface (which also contains
associated water of hydration) is called the Stern layer. Surrounding this ionic mantle is a
region that contains both counter ions and oriented water molecules — the Gouy-Chapman
layer. Together the Stern and Gouy-Chapman layers are known as the electrical double
layer. But it is the oil-like interior of the micelle that gives it its many diverse and interesting
properties. The hydrocarbon core (~3 nm in diameter) has the capacity to accommodate
guest molecules. The most common application of micelles is as detergents but they can also
act as micro-reaction vessels for organic syntheses and drug delivery agents

In this experiment we were determined some fundamental properties of the SDS
micelle: the CMC and the free energy, enthalpy and entropy of micellisation. We were
measure the CMC by measuring the conductivity of the system as a function of SDS
concentration. The thermodynamic properties are obtained by determining the CMC at a
variety of temperatures. Although numerous studies on the effects of additives of varied
natures on micellization have been reported in the literature'*>'® relatively very few studies
are available on the effect of urea and acetamide on the micellization of SDS at different
temperatures. The conductometric technique has been found to be highly useful for studying
the solution behavior of various systems, including surfactants®'®'”'** To the best of our
knowledge no work has been reported in the study of SDS in aqueous urea and acetamide at
different temperatures.

These considerations leds us to investigative the effects of the zwitterionic molecules,
i.e. urea and acetamide on the micellization of anionic surfactant SDS in aqueous solutions
at a wider range of temperature and surfactant concentration using conductivity method.
Moreover, various important thermodynamic parameters such as the standard free energy of
micellization, AG’,, the standard enthalpy of micellization, AH’,, the standard entropy of
micellization ASOm, the group of urea and acetamide on these parameters.

Experimental

The additives urea and acetamide was the product of sigma Aldrich, USA (Urea mol. wt.
60.60 and Acetamide mol. wt. 59.07 g/mol). Both the additives are dialyzed to remove low
molecular weight fractions and other associated electrolytic impurities before use. Deionized
doubly distilled water having a specific conductivity in the range 1-2x10° Sem™ at 303.15 K
was used in the preparations of all solutions of different concentrations.

Sodium dodecyl sulfate (SDS) Mol.wt 288.38 g/mol (Central Drug House Ltd.,
Mumbai, massfraction> 0.99) was used after recrystallization from ethanol and was dried in
a vacuum over P,Os. Water with conductivity, 1.05x10°® Scm™'at 298.15 K was used for
preparation of solution and was obtained by distilling deionized water from alkaline KMnO,
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to remove organic matter, if any stock solutions of 0.10 M (mol kg') SDS in order to cover
the pre- and post-micellar concentration range of SDS. The weighing’s were done on a
precise XB-220 A, Swiss make electronic balance with a precision of £0.001g. All necessary
precautions were taken to prepare solutions. The solutions were stored in special airtight
bottle to minimize absorption of atmospheric moisture and carbon dioxide.

Conductivities of the solutions were measured with Conductivity meter, Systronic
Model 306, India, having a cell constant 1.007 cm’. The conductivities of the solutions of
potassium chloride (Merck, purity>99%) of different concentrations 0.01 N and 0.1 N were
used to determine the cell constant. The solution and the measuring cell were immersed in
an electronically controlled thermostated water bath, maintaining the temperature within
+0.02 K. Specific conductivities were measured in a Knick microprocessor conductivity
meter provided with a four-pole measuring cell (the measured cell-factor was equal to
1.10 cm™) and temperature sensor, using solutions prepared with doubly distilled water. The
solutions were thermostated in the conductivity cell, equipped with a magnetic stirring
device.

Results and Discussion
Effect of temperature on CMC of SDS

The experimental values of the conductivity (k) of SDS in 0.2 M ,04 M, 0.6 M and 0.8 M,
aqueous urea and acetamide as a function of surfactant concentration at 298.15, 303.15 308.15,
313.15 and 318.15 K are reported. The values of CMC’s of pure substance with additives have
been obtained from the intersection of the fitting lines of the conductivity versus concentration
plots above and below the break point, as a function of temperature are reported. The
dependence of k on [SDS] and temperature in presence and absence of additives is graphically
studied. The variation of specific conductance and concentration of SDS in aqueous medium,
in urea and acetamide at are shown in Figure 1, 2 and 3. The observed CMC values of SDS in
aqueous solutions are 8.26, 8.3, 9.09, and 9.9x10° mol/kg at 298.15, 303.15, 308.15 and
313.15 K respectively, which compare well with the literature*"** values 8.0x10™ mol/dm™ at
298.15 K and 308.15 K; 8.2 and 8.7x10” mol L at 303.15 and 313.15 K; 8.15, 8.40 and 8,40
mol L™ at 298.15, 303.15 and 308.15 K respectively™.
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Figure 1. Variation of specific conductance with concentration of SDS in aqueous medium
at different temperatures
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Figure 3. Effect of concentration of acetamide on specific conductance of SDS in aqueous
medium at T=308.15 K

CMC of SDS-Urea system

The CMC of SDS both in aqueous and in urea increases with increase in temperature (Table 1).
The effect of temperature on the CMC of surfactant in aqueous medium is complex®*. In
general, the effect of temperature on the CMC of surfactants in aqueous medium is analyzed
in terms of two opposing effects'”?***, (i) CMC first tend to decrease causes decrease in
hydration of hydrophilic group, which favor micellization. (ii) However, at relatively higher
temperature range disruption of the structural water surrounding the hydrophobic group
occurs, this disfavors, micellizationzs’%, thereby increasing the CMC of the surfactant.

CMC of SDS-Acetamide system

It is clear from the Table 1 that the second effect seems to be dominant over the first one for
the present system, in the temperature range studied. Our finding is supported by the fact
that for ionic surfactants, minimum in the CMC temperature range curve appears around 298 K
and thereby” increasing the CMC of the surfactant. It is clear that CMC tends to increase,
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as for SDS in this case, with increase in the temperature. Furthermore, Table 1 and 2, exhibits
the sequence: on water > urea >Acetamide at each investigated temperature. It is well known
that the micellization process occurs due to the hydrophobic interactions and that dispersion
force is the attractive force in the micellization®®*'.

Table 1. CMC's and degree of ionization () of SDS with Urea at different concentration
and temperatures

SDS + [Urea]

Temperamre,  SDS 0.2M 04 M 0.6 M
CMC, mM
298.15 00074 0.0065 0.0056 0.0047
303.15 0.0083  0.0074 0.0065 0.0056
308.15 00091  0.0082 0.0074 0.0065
313.15 00990  0.0090 0.0082 0.0074
318.15 00107 0.0099 0.0090 0.0082
B

298.15 0.29 0.33 0.39 0.42
303.15 0.38 0.37 0.43 0.45
308.15 0.46 0.41 0.47 0.48
313.15 0.53 0.45 0.51 0.51
318.15 0.59 0.49 0.55 0.54

Table 2. CMC and degree of ionization (B) of SDS with Acetamide at different
concentration and temperatures

Temperature, SDS + [Acetamide]
K 0.2M 0.4 M 0.6 M
CMC mM
298.15 0.0038 0.0029 0.0019
303.15 0.0047 0.0038 0.0029
308.15 0.0056 0.0047 0.0038
313.15 0.0065 0.0056 0.0047
318.15 0.0074 0.0065 0.0056
B

298.15 0.60 0.63 0.67
303.15 0.63 0.66 0.71
308.15 0.66 0.69 0.74
313.15 0.69 0.72 0.77
318.15 0.73 0.75 0.81

Thus, as the number of carbon atoms increases from urea to acetamide so does the
hydrophobic character of the molecules. The increase in hydrophobic interaction requires a
lower addition of surfactant molecules for micellization”, resulting in a decreased CMC in
the presence of urea and acetamide. Sodium dodecyl sulfate (SDS), NaOSO;C,H,s is
known as amphiphilic surfactant which possesses both hydrophobic and hydrophilic
properties. SDS was ionized in the aqueous solution to form Na* and ‘OSO;C,H,sions in
the solution. Self-dissociation of SDS into micelle is strongly cooperative and occurs at the
defined concentration called critical micelle concentration. Below CMC, the amphiphile
dissolves as monomers. Once the concentration beyond CMC, the monomers concentration
remains unchanged while the micelle concentration increases. The CMC can be determined by
the conductivity method of the SDS solution. Na* and ‘OSO;C;,Hys ions are known as charge
carriers which will increase the conductivity of the solution when ionization takes place™.
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In a SDS dilute solution, the concentration of SDS is below its CMC, hence it behaves
as normal electrolyte and ionizes to give out Na * which soluble in the aqueous phase while ~
0S0;C,Hys ions solubilize its hydrophilic head in the water and hydrophobic tail extent out
the water surface. The ions exist as solvated monomer instead of micelle due to low SDS
concentration. The number of monomers was increased as the amount of the SDS solution
was added into the solution. At the same time, the increase of conductivity that had been
detected due to the increase of SDS ions carried more charges within the solution. Once the
amount of SDS solution added into the aqueous solution is equals to the CMC, the first
micelle start to form spontaneously in the solution®®.

The micelle formation occurs just above of CMC at which the monomers undergo self-
assembly to form aggregate in the solution and the homogeneous solution becomes a
colloidal system. The micellar solution is known as a colloidal dispersion (association
colloid) of organized surfactant molecules. The micelle formed in the solution would have
spherical structure in which the hydrophilic head groups were exposed to the solution while
the hydrophobic tails were faced toward the interior of the micelle structure. The exterior of
the micelle is built up from the ionic "OSO; groups which form the Stern layer which
associated by water molecules. The further layer that surrounding the Stern layer is
composed of the positive counter ions and oriented water molecule called Gouy-Chapman
layer. Both Stern layer and Gouy-Chapman layer are known as electric double layer. This
double layer will maintain the stability of the colloidal system™.

The higher concentration of SDS caused nucleation for the micelle to form increased
and hence more micelle was formed in the solution. Above the CMC, the concentration of
micelle definitely increases. However, the concentration of monomers almost remained
unchanged in the solution. Monomers tend to form the micelle at the same time the added
SDS solution ionized in the solution to replace the monomers that used to build micelle. But,
the charge carriers could be increased slowly because the rate of micellization is slower than
the rate of monomers were used in the building of micelle and hence the conductivity of the
solution increased at a slower rate in an ideal condition. This can be noticed in the Figure 1,
2 and 3 which shows the increasing rate of conductivity had became slower obviously. This
is because the formation of micelle required the ionic monomers and some of the ions had
been attracted towards the micelle surrounding to form the electric double layer. As a result,
some monomers are no longer free in the solution but for those ions are not strongly
attracted still can carry charge in the solution. Hence, the conductivity of the solution
increased slower. However, at the final part in graph (Figure 1, 2 and 3) shows a sudden
increase in the conductivity of the may be due to the formation of bubbles inside the
solution. Above the CMC, when bubbles start forming, micelles will be broken down to
form monomers to expand the bubbles. As more SDS monomers being formed back, the
conductiz\gity shoot up because SDS monomers is a more effective charge carrier than
micelles™.

The effect of temperature on critical micelle concentration of SDS and additives are
studied. The In Xcypc increases with increase in temperature for SDS (Figure 4), SDS + Urea
(Figure 5) and SDS + Acetamide (Figure 6).

This may also be explained by considering the zwitterionic nature of urea/acetamide
additives, which interest with the water molecules, causing dehydration of the hydrophilic
head of the surfactant micelles®. This, in turn favors micellization, thereby, leading to a
decrease in CMC of SDS in the presence of urea and acetamide. A similar decrease in CMC
of SDS upon addition of amino acids in aqueous medium has also been reported by others™.
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Determination of degree of ionization (f5)

The degree of ionization () of the micelles can be estimated conductometrically from the
ratio of the slopes of the two linear segments above and below CMC of specific conducticity
versus surfactant concentration’’ and hence, the degree of counterion association, is given
as a= 1-P. This simple method is quite satisfactory in providing quantitative estimation of 3,
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as reported by Buckingham and co-workers™. Further, the goodness of the method was
verified by ef al.,*" and also by Bandyopathyay and Moulik®® who have estimated p by using
ion-selective membrane electrode and found that the values of 8 thus obtained are in good
agreement with those obtained conductometrically. However, in fact like CMC™*, the degree
of counter ion dissociation [ or, in turn. The counter-ion association constant (o) is obtained
from the relation, oo =1 — [334. As a result, the values of o for Na*ions bond in SDS micelles are
reported to lie in the range 0.46-0.86” in aqueous medium, depending on the experimental
technique employed (electromotive force, light scattering, mass action model, equilibrium
dialysis, osmotic coefficient, electrophoresis and zeta potential). Our results lie in the range
0.29-0.81 of B for variation of degree of ionization () with temperature in the presence of

water and in 0.2 M, 0.4 M and 0.6 M, urea and acetamide, are shown in Figure 7 and 8.
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Na® ions bonded to SDS micelles (Table 3) in aqueous medium determined
conductometrically at 298.15 K is fairly good and lies in the reported range.The values of 8
are included in Table 1 and 2 and its variation with temperature is shown in Figure 7 and 8.
It is evident from Table 1 and 2 that both CMC and f for the investigated systems increase
with an increase in the temperature. The increase in thermal energy due to the rise
temperature enhances the ionization of the ionic surfactant SDS and thereby an increase in f3
with temperature is obvious. Similar results have also been reported for the variation of
CMC and B for SDS in presence and absence of additives in aqueous medium by others®*’.
In the presence of the additives urea and acetamide, the values of degree of ionization [ are
found to increase from urea to acetamide, as shown in Figure 7 and 8. The total free energy
per surfactant molecule associated with forming the micelle is given by the relation®®".

AG,"=RT InXcyc

In presence of an additive, the free energy AG’,, consist of the interactions of SDS-SDS,
additive-SDS and additive-additive. It is cited in literature that non electrolytes influence the
micellar properties of ionic surfactants by changing structure of the solvent and the
surfactant aggregates.

Moreover, the process of micellization is a consequence chiefly of hydrophobic
interaction which is hindered by the forces of mutual repulsion acting between the
hydrophilic parts (the ionic head groups) of surfactant molecules.

However in the present case, urea/acetamide—water (solute—solvent) interactions
dominate in preference to water—water (solvent—solvent) interactions and therefore the
formation of iceberg structure around surfactant monomers due to hydrophobic interaction is
thus prohibited leading to their cluster formation.

Thermodynamic of micellization

In order to quantify how addition of urea and acetamide affects the micellization of SDS, the

standard molar Gibbs free energy, enthalpy and entropy of micellization were calculated by

means of the equilibrium model for the micelle formation and temperature dependence of

CMC. The change of the standard molar Gibbs free energy, AG,,’ for ionic and non —ionic

surfactant solutions were calculated by using the following equations (1) and (2)

respectively®®.

AGn' =(2-B)RT InXcye (1)

AG,,"=RT InXcpme (2)

Where B is the micellar ionization degree, R is the gas constant (8.314 J K! mole'l), T

is the Kelvin temperature and X is the value of CMC expressed in mole fraction unit*’. For

this calculation, values of the CMC and P obtained by Carpena’s method were used. The
corresponding standard molar enthalpy, AH,,” is given by™.

AH,,"=- RT? [(2 —-a) {8InXcmc /8T } — In Xeme (3o/8T)} 3)

The changes of standard molar enthalpy of micellization, AH,,’ may be obtained from
equation (3), if the dependences of the In Xcyc as well as a on temperature are known. With
this purpose, In Xcyc was plotted against T and the slope at each temperature was taken as
{8InXcpmc /6T }. The obtained dependence, In Xcyc = f(T), is polynomial (r2 =0.9989). Note
that second term in equation (3) can be neglected due to the fact that values of o vary
slightly with temperature. The change of the standard molar entropy, AS,,’ was calculated
from equation,

AS,’=AH,’-AG,’ /T 4)
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The thermodynamic parameter of micellization for SDS in water and in presence of
additives, urea and acetamide at different temperature are summarized in Table 3 and Table 4.
For amphoteric and ionic surfactants, AG,,’ has been reported to be between -23 and -42 kJ
mol' at 298.15 K*'.

Table 3. AGOm, AHOm and ASOm of pure SDS and SDS + [Urea] at different concentrations
and at different temperatures

T,K
298.15 303.15 308.15 313.15 318.15
SDS
-AG®,, kJ mol 20.80 19.58 18.54 17.59 17.00
-AH’,, kJ mol’ 5.38 5.77 5.98 6.31 6.52
AS°, kJ mol 'K 0.088 0.084 0.080 0.076 0.074
SDS + 0.2 M Urea
-AG®,, kJ mol’ 20.82 20.15 19.52 19.00 18.43
-AH’,, kJ mol’ 5.68 5.74 5.78 5.82 5.85
AS°, kJ mol'K! 0.051 0.048 0.045 0.042 0.039
SDS + 0.4 M Urea
-AG’,, kJ mol’ 20.65 19.90 19.23 18.58 18.06
-AH’,, kJ mol’ 6.30 6.35 6.40 6.43 6.46
AS°, kJ mol'K! 0.048 0.044 0.041 0.039 0.036
SDS + 0.6 M Urea
-AG®,, kJ mol’ 20.98 20.21 19.58 19.03 18.50
-AH’,, kJ mol’ 7.53 7.64 7.74 7.83 7.92
AS. kJ mol 'K 0.045 0.041 0.038 0.035 0.033

Table 4. AG’,AH’,, and AS’, of pure SDS and SDS + [Acetamide] at different
concentrations and at different temperatures

T,K
298.15 303.15 308.15 313.15 318.15

SDS + 0.2 M Acetamide

-AG’, kJ mol 19.30 18.43 17.76 17.15 16.48
-AH’, kJ mol” 7.63 7.71 7.80 7.87 7.88
AS®, kJ mol'K"! 0.039 0.035 0.032 0.029 0.027
SDS + 0.4 M Acetamide

-AG’, kJ mol 19.82 18.77 17.94 17.24 16.63
-AH’,, kJ mol’ 9.33 9.43 9.53 9.61 9.69
AS°, kJ mol'K! 0.035 0.030 0.027 0.024 0.021
SDS + 0.6 M Acetamide

-AG’,, kJ mol’ 20.64 18.98 17.95 17.12 16.29
-AH’,, kJ mol’ 11.99 12.03 12.41 12.24 12.22
AS°, kJ mol'K! 0.029 0.022 0.018 0.015 0.012

The free energy values for SDS in water and in presence of aqueous urea and acetamide
fall within this range. Figure 9 and 10 shows the increase in free energy with temperature for
SDS in water and in presence of additives, suggesting that an increase in temperature
disfavors micellization.
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Figure 10. Effect of acetamide on free energy of micellization of SDS (AG® ) with temperature

This supports the change in CMC with temperature. At a given a temperature, A G,,’ is
found to increase from urea to acetamide (Table 3 and 4). This can be explained by
considering the degree of ionization, B of SDS in presence of urea and acetamide. As the
value of B tends to increase from urea to acetamide (Table 1 and 2), the availability of
counter ions, Na* for interaction with the surfactant head group decreases. This would cause
increased electrostatic repulsion between the head groups, thereby, increasing the free
energy of micellization, AG,,’ in the sequence: urea <acetamide at a given temperature. The
negative values of, AGm0 are mainly attributed to the positive values of, ASmO than AHmO.
Therefore, the micellization process is governed primarily by the entropy gain and driving
force for the process is the tendency of the hydrophobic group of the SDS to transfer from
the solvent environment to the interior of the micelle*. At higher temperatures, disruption of
the structured water surrounding the hydrophobic group may be responsible for the entropy
increase. As AGmO is the sum of the enthalpic, AHmO and entropic, TASmO contributions. It
reveals that in presence of urea and acetamide, the entropic contribution TAS,,’ is increased
while enthalpic contribution AH,,’ gets decreased with increase in temperature. In the
presence of urea and acetamide, a rise in temperature does not significantly affect the
enthalpic and entropic contributions to AG,,’. It is due to the fact that in presence of urea and
acetamide, the changes in AS,,” and AH,’ with temperature are quite appreciable. As a
result, the entropic TASm0 and enthalpic AHm0 contributions to AGm0 in presence of urea and
acetamide are almost in significant with increase in temperature.
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Conclusion

The effect of urea and acetamide on the micellization SDS in an aqueous medium has been
investigated at different temperatures. The critical micelle concentration of SDS increases
with increase in temperature. While it exhibits an opposite trend as the hydrophobic
character increase from urea to acetamide. Using the equilibrium model or mass action
model, the values of standard free energy (AG’,), enthalpy (AH",)) and entropy (AS,,) were
calculated. In the presence of urea /acetamide, (AGOm) is found to increase within
temperature and that it increases also from urea to acetamide at a given temperature.
Negative values of AG", are suggesting that micellization process is governed primarily by
entropy gain. The observed behaviors of these parameters may be attributed to the
interactions of urea /acetamide with water and surfactant molecules and also due to the
possible solubilization of additives in the palisade layer of micelles.

It can be concluded from the conductivity and thermodynamic results that the mixture
formed in different concentrations of urea, acetamide and SDS are an ideal system, shown
through the variation in aggregation behavior and other obtained values. Micellar interactions
of SDS in aqueous-additives such as urea and acetamide solutions by conductometric and
thermodynamic analysis provided valuable information regarding structural changes in the
constituent molecules of urea and acetamide as well as surfactant which are further
characterized by hydrophobic interaction as well as hydrophobic hydration. The decrease in
CMC in the presence of additives is due to the establishment of additional hydrophobic
interactions between hydrophobic parts of surfactant and additives. The calculated
thermodynamic parameter TAS",, was found larger than AH’, suggesting micellization is
entropy driven. Moreover, negative enthalpy (AH",) and Gibbs free energy (AG’,,) values
indicated that the system is feasible and is of exothermic nature while positive AS’;, values
interpret that the driving force for micellization is entropic i.e. the tendency of hydrophobic
group of surfactant to transfer from solvent system to the interior of micelle.
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