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Conductometric technique has been used to investigate the equilibrium
properties of sodium dodecyl sulfate in the presence of a series of aliphatic
alcohols. The influence of medium chain alcohols on the micellization
behaviour of sodium dodecy! sulfate is investigated and it is shown that
the critical micelle concentration and degree of micellar dissociation (0}
increase upon addition of alcohols, depending on the chain length of al-
cohols. The thermodynamic functions for the micellization were calculated
at various conditions. The results showed that the presence of alcohols
decreases the tendency for micelle formation. The addition of alcohols 1s
considered 1o affect the micellar stability by changing the composition and
dielectric constant of the environment.
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INTRODUCTION

It is well known that surfactant molecules are associated into micelles above the
critical micelle concentration (cmc). The micellization of surfactants has been a
topic of considerable interest for many years, with an enormous literature of several
thousand papers published year after year in journals of widely differing scopes.
The association of surfactant molecules with micellar aggregates in aqueous
solutions leads to a reduction of the energetically unfavorable contact between
water and the apolar parts of the surfactant molecules while the polar groups are still
solvated by the water' 2. The driving force for surfactant aggregation in water is
closely related to the low solubility of the hydrocarbon chains of the surfactant in
water-. It is well known that the micelle formation is affected by a number of
environmental factors such as pH, ionic strength, temperature and the presence of
various additives*'°. , ;

Some surfactant molecules are known to self-assemble in polar organic solvents
properly like glycol, glycerol and formamide''"!?. These solvents like water form
hydrogen bonds, have relatively high dielectric constants and are immiscible with
hydrocarbon solvents. Consequently, these solvents also give rise to a solvophobic
interaction that promotes surfactant association. However, it is not completely clear
which solvent properties are involved.

In highly non-polar solvents, the polar groups of the amphipathic molecules
become solvophobic and, in such media, aggregates form in which the polar groups
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form the core. Such species are often referred toas inverse, reverse or reverted
micelles. ... . oo bt el Hinnrhd s

From a physico-chemical point of view, one of the most interesting questions
concerns the physical parameters of micellization of 'surfactants in non-aqueous
polar solvents. It is also important to investigate the effects of additives on the
micelles, i.e., to what extent the solubilizate causes structural changes of micelles or
influence the micellar aggregation number. Changes in the critical micelle concen-
tration and the counter-ion association are also of considerable importance.

On the other hand, many published investigations have been aimed atevaluating
the changes in thermodynamic variables which accompany micelle formation in
mixed solvents, both-in order to discover what factors are responsible for the
stability of micelles and to test meoretican*‘predictionsl“"m. The most readily
measurable thermodynamically interesting property of such solutions is usually the
critical micelle concentration (cmc) and it is commonly agreed that the quantity RT

In (cme) is very nearly equal to the standard free energy of micellization'”.

It becomes possible to describe the variation of the critical micelle concentration
(cmc), the degree of micelle dissociation and thermodynamic parameters with
variation of the structure and dielectric constant of solvent. .« i

The micellization in dilute aqueous sodium dodecyl sulfate (SDS) solutions has
long been studied®®-2* but the study of these phenomena in non-aqueous polar
solvent nevertheless is still a matter of discussion. In order to compare the
solvophobic effect in mixed solvent with the hydrophobic effect in water-SDS
micellization, conductivity measurements have been performed in various mix-
tures of solvents with different hydrocarbon chain length, different dielectric
constant and different number of hydroxyl groups. The purposes of the present
study are to measure the thermodynamic parameters of micellization of SDS in

mixed solvents, using conductometric technique.

EXPERIMENTAL

Sodium dodecy! sulfate was obtained from Merck (purity > 98%) and used
without further purification. Ethanol, n-propanol and n-butanol were purchased
from Merck and used as received. '

Specific conductivities of the solutions were measured using Genway conducto-
meter Model 4020 and a dipping cell with platinum electrode (cell constant = |
em™"). The conductivity cell was calibrated with KCl solution in the appropriate
concentration range. The measuring cell was immersed in a thermostat bath
keeping the temperature constant with £0.1 K. - o

RESULTS AND DISCUSSION

The change in the electrical conductance of aqueous ionic surfactant solutions at
the cmc is due to the different degree of surfactant ionization below and above the
cmc. The specific conductivity, k, of surfactant solutions can easily be calculated in
terms of the molar ionic conductivities of ions, A;. Electrical conductivity below
cmc is written as: ' o ‘

K= As STl + Ac[CT ) (D
ST} =[C")=C,
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where [S™];and [C" ] are the concentrations of free surfactant and its counterion,
respectively and Ag- and A correspond to molar ionic conductivities. The
complete dissociation of ionic surfactant is assumed below the cmc®. The slope
(S,) of molar conductivity becomes:

| Sy =wC= As+Ac (2
Above the cmc, the specific conductivity is expressed as:
Km = As (STl + A (C ]+ A[Cri] (3)

where K, [Clm and Ay, are the specific conductivity of solution above the cmc,
the concentration and ionic molar conductivity of micelle, respectively. Concen-
tration of free counterion, [C"];, is expressed as:

‘ [C*¢=cmc + aM], 4)
where [M],, = C-cmc, and above the cmc, [S7); is assumed to be constant and
equal to cmc. Combining Egs. (3) and (4), one obtains:

K= (s + Ac) eme + A 0M] i + A[Clem (5)
=
Nage
of the micelle to the conductance is the same as that of an equivalent number of
monomeric ions, the sum of whose charges equals the micellar charge, then
A = 0N, o As and Eq. (5) becomes: ~

k=g + Ay eme (I —a) + (s +Ac) oGy
=Ko+ 5,C (6)
where S, (=0S,) is the slope of the linear plot of x vs. C, above the cmc and
K, is the corresponding intercept.
Fig. 1 shows the specific conductivity of aqueous SDS solution in water and
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Fig. 1. Specific conductivity (k) vs. total concentration of SDS in different concentrations of

~ ethanol at T =303 K. (8) 0% (H) 5% (A) 10%: (0) 15%; (&) 20% (vIv)
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in the presence of various concentrations of ethanol. A characteristic shape of the
curves can be observed. Once micelles are formed, it undergoes an abrupt change
in concentration dependence. The cmc value can then be determined as the cross
point of the two straight lines defined by Egs. (2) and (6). The degree of
dissociation of counterion (or degree of micellar‘ionization), o, can be obtained
as the ratio of the slopes of conductance vs. C, above and below the cmc, that 1s,

20 -

These plots show how the cmc is affected by a range of ethanol concentrations.

The results are reported in Table 1. T

" “The change in cmc with increasing the concentration of ethandl for different
temperatures is shown in Fig. 2. All the other alcohols give similar behaviour for
cmc increases on increasing its concentration, which can be explained on the
following model. .~ + .

As alcohol is added to a surfactant micellar solution it equilibrates between the
micellar and solvent phases, forming mixed micelles with the surfactant. It lowers
the dielectric constant of the solvent and degree of structuring. As more alcohol is
added, this process continues and the micelles expand; the alcohol molecules at the
micelle-solution interface lower repulsions between the SD™ head groups and o (the
degree of dissociation of counterion) increases slightly. Fig. 3 shows a typical plot
of o vs. ethanol percentage at various temperatures. For other alcohols, data are
tabulated in Table-2. At a certain concentration of added alcohol, the micelles
become saturated with alcohol; the solvent structure has been destroyed to a large
extent and the dielectric constant of the solvent lowered. Upon the addition of
further alcohol, the two large component micelles fragment.

Itis reported in Table 1 that as the concentration of alcohols increases the cmc of
SDS increases. The results of previous studies by Shinoda ef al *® indicate a linear
relationship between the change of cmc and carbon number of alcohols. As the
chain length of the alcohol becomes longer, a larger part of the chain can enter the
hydrophobic core. Short chainalcohols are usually known as co-solvents, which are
highly miscible with water, while the larger ones are known as co-surfactants,
which are soluble in micellar phase.

The decreased solvent structuring allows more contact between the solvent
and the hydrocarbon chains of the surfactant molecules and the low dielectric
constant of the medium favours smaller aggregates such that the charged head
groups can be further apart. These smaller aggregates will probably have a large
percentage of alcohol associated with them, oriented at the hydrocarbon-solvent
interface. As still more alcohol is added, thcsdlendencies produce smaller and
smaller aggregates and hence increase much ‘more rapidly. At a certain alcohol
concentration no aggregation is necessary; the solvent structure has been de-
stroyed so effectively that the hydrophobic effect is no longer dominant. Entropy
and the need to reduce repulsions between like-charged head groups become more
important. ‘ S ' ,

Fig. 4 shows the relative critical micelle concentration as a function of molar
concentrations of added ethanol at various temperatures. It is evident that the cmc
increases, with increasing concentration of alcohols.
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Fig. 2. The cmc of SDS as a function of ethanol percentage (% v/v) at different temperatures:
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' " TABLE-1
THE VALUES OF CMC OF SDS IN DIFFERENT WATER-ALCOHOL MIXTURES AND
VARIOUS TEMPERATURES

Temperature (K)

Percentage ,
Aloolil (% viv) 298 303 308 313
5 0.006355 0.006431 0.006411 0.007206
10 0.006547 0.006736 0.006838  0.007971
Ethanol s 0006724 0007100 0007314  0.008626
20 0.006921  .0.007447 0.007781  0.009243
© 0.006580 0.007070 0.007550 0.007910
0006910 0.007290 0.007520 0.007830
© 0007120 0007230 0007360  0.007490
Propanol RS -
5 = 0007030 — —
10— 0007110 — —
15 o " 0.008730 — R—
0.5 . 0.006300 0.006430 0.006550 0.006660
B utanol 0.008320 0.008450 0.008580 0.008750
4 ©0.008500  0.008650 0.008800 0.008900

0.008070 0.008170 0.008310 0.008420

TABLE-2
DEGREE OF DISSOCIATION OF SDS MICELLES IN DIFFERENT WATER-ALCOHOL
MIXTURES AND VARIOUS TEMPERATURES

pmcmagc Temperature (K)
Alcohol % v/
(% vIv) 298 303 308 313
5 0434 055 0551 0552
10 0635 0.661 0.664 0671
Ethanol ;
15 0655 0.668 0.680 0.708
20 0901 0920 0.960 0.990
0513 0604 0.648 0.559
0.664 0674 0610 0.658
4 0.733 0.736 0.744 0.785
Propanol
- 0741 — —
10 — 0.830 — —_
15 xS 0886 — —
0.5 0453 0.468 0.531 0.532
' 0628 0.680 0.787 0.790
Butanol ,
0818 0.825 0.862 0.883

0861 0885 0.888 0.986
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Fig. 4. The ratio of cmc of SDS {In (cmc/cmcg)] in the various concentrations of ethanol at
different temperatures: (@) 298 K; (B) 303 K; (A) 308 K; (0) 313 K
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The thermodynamic parameters for micellization of SDS in the presence of
different n-alkanols were calculated. The free energies of micelle formation are
calculated using the relationship:

AGS, = RT In Xepe =RT Incme ~RT In @ (8)

where R, T, AG.,, X mc and o are gas constant, absolute temperature, Gibbs free
energy of micellization, mole fraction of SD§ at cme and molar concentration of
solvent, respectively. Fig. 5 shows plot of AG,, vs. percentage of ethanol at various
temperatures. The results for various conditions are mentioned in Table-3.
Table-1 gives the cmc values of SDS in different mixtures of alcohol-water at
different temperatures. The plot of In (cmc) against 1/T gives a good straight line
with a negative slope (Fig. 6). This shows that the micelle size does not change
within the temperature range studied. In the present work, the van’t Hoff equation

is applicable: —
d In (cmc)/dT = —AHp/RT? ©)
The values of AHj,, enthalpy of micellization, have been calculated from the
slope of the line and are included in Table-3.
These values are in the range of the hydrogen bond energy. Water molecules
have a strong tendency to form hydrogen bonding. The standard entropies of

" micellization, AS,, were calculated from the values of AH,, and AG;, using
AG = AHD - T AS° and are also listed in Table-3.

m

TABLE-3
THERMODYNAMIC PARAMETERS OF MICELLIZATION OF SDS IN DIFFERENT
ALCOHOL/WATER MIXTURES

Alcohol Percentage Tem’pcra(urc AG(;, AH?,, AS?,,
(% viv) (K) (kJ/mol) (kJ/motl) (J/mol)
298 -22.41 55.88
5 303 -22.76 ~-5.75 56.11
- 308 -23.14 56.44
313 -23.21 55.76
298 -22.25 43.30
10 303 ~22.55 ~9.34 43.58
308 ~22.88 43.94
313 ~22.85 43.14
E«OH 298 -22.09 33.81
15 303 -22.32 ~12.01 34.01
308 ~22.61 34.40
313 ~22.55 33.66
; 298 L=21.92 26.23
20 303 =22.10 -14.10 26.39
308 ~22.35 26.77

313 ~22.27 - ‘ +26.09
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Percentage  Temperature AGY, T AHY ASY,
Alcohol (% VIV) K) (kKJ/mol) (kJfmol) (/mol)
298 ~22.37 42.80
2 303 ~22.57 -9.61 42.75
308 -22.77 42.71
313 -23.14 43.21
298 22212 53.03
3 303 22,45 -6.31 53.24
308 -22.83 53.61
313 ~23.30 54.26
298 =221l 65.30
PrOH 4 303 ~22.47 -2.64 65.41
308 -22.84 65.55
313 -23.10 65.34
298 —
5 303 22.52
308 ' — —
313 —
298 e
10 303 22.39
308 — — —
313 .
298 e
15 303 -21.77
308 — — _
313 e
298 =247 65.72
0.5 303 ~22.84 -2.88 65.85
308 -23.16 65.82
313 - =23.50 65.86
298 22177 64.36
3 303 ~22.06 -2.58 64.25
308 -22.42 64.38
BuOH 313 ~22.76 64.44
' ; 298 -21.73 64.80
4 303 ~22.02 -2.41 64.68
308 - -22.66 65.71
313 -22.29 63.48
, 298 ~21.74 65.40
8 303 ~22.09 -2.24 65.48
1308 ~22.40 65.42

313 =21.10 60.23
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Fig. 6. Plot of In (cmc) against 7! for SDS in different percentages of ethanol: (@) s; () 10,
(415, (0)20% (viv).

It is evident from Table-3 that in all cases micellization is exothermic. This
may be interpreted as a consequence of decrease in energy required to break up
the iceberg structure surrounding the hydrocarbon chains of the MOonomeric
surfactant. It was also observed that in presence of higher concentration of
alcohols. the enthalpy is more negative and entropy is less positive. Similar
behaviour of more negative enthalpy in presence of organic additives has been
observed® %, : :

As mentioned earlier, the dielectric constant of water is higher than the
dielectric constant of alcohols. It seems that dielectric constant plays a more
dominant role in cmc formation than dipole moment. The ionization of the
surfactant in water is higher than in alcohol-water mixtures because water has a
higher dielectric constant. Therefore, there is tendency of forming micelle at a
higher concentration.

On the other hand, alcohol molecules intercalated between the head groups of
the surfactant molecules will screen the electrostatic repulsion of the head groups
less than the water molecules they replace. This leads to an increase of the electric
field of the charged head groups of the ionic micelle’® *!. This larger repulsion
will lead to an increased area per head group and decrease in this way the charge
density at the micellar surface. Even if this decrease of the charge density at the
micellar surface is obtained by a decrease of the aggregation number, it will not
necessarily lead to a decrease of the total volume of the micelle. This effect, which
counteracts the previous one, will also lead to a decreased electrostatic attraction
of counterions. ‘ ‘ -
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