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Abstract

The critical micelle concentration (cmc) of aqueous solutions of Triton X-100 surfactant and
binary mixture of water + ethanolamine solutions have been determined by tensiometry technique
in aqueous at different temperatures in the range from 293 to 323 K . The interfacial parameters
I'max, Amin, IIeme and AG’ads for the two system were calculated. The results indicate that the cmc
increases as the temperature and the percentage of ethanolamine increases. The standard
thermodynamic functions, such as Gibss free energy (AG’), enthalpy (AH’), and entropy (AS®) of
micellization were estimated using the change of cmc with temperature. The effect of addition of
ethanolamine to the aqueous solution on the cmc, the adsorption parameters and micellization have
been studied.
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Introduction: surfactants mixtures at the cloud point. This

Surfactants find application in almost study investigated the effects of gemini
every chemical industry, including detergents, surfactant on the cloud point of the non-ionic
paints, dyestuffs, cosmetics, pharmaceuticals, surfactant TX-100 in aqueous solutions. Lu S.
agrochemicals, fibres, plastics[1,2,3]. The et al.l’% studied the micellar evolution in
most common nonionic surfactants are mixed nonionic/ anionic surfactant systems
those based on ethylene oxide, referred to using a range of techniques including surface
as ethoxylated surfactants. Triton X-100 tensiometry, fluorescence spectroscopy, ultra
(TX-100) is a nonionic surfactant which has a filtration, and analytical ultra centifugation.
hydrophilic polyethylene oxide chain [4]. In this paper, we report study on the
TX-100 can be found in several types of micellar properties of the nonionic surfactant
cleaning compounds, ranging from heavy-duty TX-100 in Water and Ethanolamine-water
industrial products to gentle detergents. mixtures using surface tensiometry technique.
TX-100 appears as a final ingredient in several This surfactant was selected because of its
yearly influenza vaccines worldwide [5]. extensive use in industrial and pharmaceutical

Thermodynamic parameters indicate to the formulations and in biochemical research.
hydrophobic interaction of surfactants with
water have been the aim of many studies. Ruiz Materials and Methods
C.C et all® studied thermodynamic and Materials
structural of TX-100 micelle in ethylene The Triton X-100 surfactant of the highest
glycol-water mixed solvents. It was found that purity was obtained from the BDH Chemicals
the surface activity of the surfactant decreases Ltd poole England. It has formula
slightly with increasing concentration of (C14H220(C2H40)n) where n=10, its IUPAC
ethylene glycol at a given temperature. name is polyethylene glycol p-(1,1,3,3-
Molina-Bolivar J.M. et al.[l investigated the tetramethylbutyl) -phenyl ether or octyl phenol
surface activity, Micelle formation, and ethoxylate, and molecular mass is 646 g/mol.
growth of non ionic surfactant in aqueous Ethanolamine (EA)(99.0%) was purchased
solution at different temperature. Fernandes from BDH with formula CH2(OH)CH2NH:
R.M.F. et all®l reported the micellization and molecular mass is 61.08 g/mol.

behavior of a surfactant with high solubility
mismatch: composition, temperature, and
salt effects. Batigoc. C. et al.l®' studied
thermodynamics of T X-100-cationic gemini
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Determination of Surface Tension

The surface tension of the solutions of
surfactant in water and its mixtures with EA
was measured using Du-Nouy type
tensiometer with Pt ring was made with the
DST 30-SEO-Korea.

Preparation of Solutions
1.A stock solution (0.022M) of TX-100 and
diluted solutions of different concentration
ranged (0.025-0.300) mM (mmol/L) were
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prepared in volumetric flask and stored at
room temperature until use.

2.Water-Ethanolamine mixture media was
prepared with four percentage 5%, 10%,
15%, 20% (v%) of EA.

Results and Discussion

The cmc of TX-100 was determined by
measure the surface tension (y) of the
prepared aqueous solutions and plotted against
their concentrations at constant temperature.
When concentration increased the surface
tension decreased until reach to cmc where no
further change in surface tension. This was
presented in Fig.(1) at 20°C and at the four
temperatures used in this work, while the
values of cmc at the different temperatures are
reported in Table (1).
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Fig. (1) Varation of surface tension against concentration in aqueous solution for
TX-100. (a) at 20°C (b) at different temperature.

The cmc value obtained at 20°C is
0.22 mM, which in agreement with the
published data in the literature, and slight
differences can be attributed to the different
methods employed for cmc determination
[6,11].

The results of Figure 1 and Table 1 show
that the cmc of TX-100 surfactant in agueous
solution increases as the temperature
increased. This may be due to that the
surfactants molecules dissolved in water due to
a larger probability of hydrogen bond
formation at higher temperature, the
hydrophobic group distorts the water structure
[12].
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Table (1)
Thermodynamic parameters of micellization and adsorption for TX-100 in H20 and H,O-EA
media at different temperatures.

Tmax*10° Amin (A°?/ -A G®ads -AG°n AH®n AS8°m AG°m
mmol/m?) | molecule KJ/mol KJ/mol KJ/mol J/mol.K KJ/mol

The effect of the presence of another obtained are tabulated in Table (1) and a
solvent in addition to surfactant solution, such typical plots of y versus concentration for
as EA in the range 5-20% and the effect of the different percentage of EA at 30°C and at
temperature in the range (20-40°C), on the different temperature for 5% EA were
cmc values and another micellization presented in Fig.(2).

parameters have been studied. The results
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Fig.(2) Surface tension of TX-100 as a function of surfactant concentration:
(a) 5% of EA at different temperature.
(b) 30°C at different percentage f EA.

There is a sharp breakpoint in these plots of the presence of a structure-breaking solute
and the cmc values were taken to be the point and can be attributed to the increase in
of intersection of the lines drawn through the solubilization of the nonpolar chain of the
points of the graphs and given in Table (1). surfactant by EA. The decrease in cmc values

The results obtained show that the cmc with the increasing temperature at all given
values of TX-100 are increases as the concentration of EA is attributed to the less

percentage of EA increased and that is a result
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disruption of the solvent structure with the
increase in temperature,

The dependence of cmc on the temperature
was used to calculate the thermodynamic
parameters of adsorption and micellization.
The surface excess concentration, (I'max), and
the minimum area per surfactant molecule,
Anmin, at the air/water interface were obtained
using the following equations [6]:

max:%. ................................... (1)
Amin = 1/NA Fmax ................................... (2)
where R is the gas constant, Na is

Avogadro’s number, y is the surface tension
value, and C is the molar concentration of
surfactant in solution. The values of the
surface pressure at the cmc (ITeme) were
obtained employing the following equation:
Hcmc = 'Y - 'chc ....................................... (3)

where yeme 1S the surface tension at cmc.
The Gibbs free energy of micellization AG’m
was calculated using the equation:

AG’m=RT In Xcme

Where Xeme IS the mole fraction of
surfactant at the cmc. The standard free energy
of adsorption, AG°as, was determined using
the equation:
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The enthalpies of micellization AH"m were
obtained from the temperature variation of the
cmc, by employing the equation:

AHom = - RTz(ah’lXcmc /aT) ....................

The entropy values of micelle formation
AS°m were evaluated from the calculated
enthalpy and free energy values as follows:

ASOm = (AHom - AGcm) / T oo,

The effect of the co-solvent on the micelle
aggregation process AG°m was calculated from
the following equation:

AG°m=AG’m (EA+water) = AG’m (water)

The dy/dInC in equation 1 was determine
from the slope of the plot of y versus InC, and
the 0 InXcme /0 T in equation 6 was determine
from the slope of plot of InX versus T shown
in Fig.(3).

AGoads = AGom - Hcmc/ Fmax ................... (5)
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Fig.(3) Typical plot of a) surface tension versus InC at 293 K; b) InX cmc versus temperature, for
aqueous solution of TX-100.

The results obtained by applying the above
procedure are reported in Table 1 for the
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In the absence of the additive, the free
energy of micellization becomes more
negative with an increase in temperature
indicating that the formation of micelles
becomes more spontaneous with increasing
temperature. The data of AH®n, that we have
obtained indicate that the micellization process
is exothermic (AH°w< 0). The entropy of
micellization AS°m is positive in all
temperature range and decreases with increase
in temperature. This is due to fact that the head
group is more hydrated than the hydrophobic
tail with increasing temperature which leads to
an overall ordering of the system hence, the
lowering of the entropy with increase in
temperature®4).

The results also show that the values of
surface excess decrease with temperature
increased. As the temperature increases, the
hydration of the ethoxy segments of TX-100 is
increased so the I'max decreased. The AG°ads
values are more negative than the
corresponding AG°n values. This indicates that
when a micelle is formed, work has to be done
to transfer the surfactant molecules in the
monomeric state at the surface to the micelle
through the aqueous media. The values of
AG°ads become more negative with respect to
temperature, implying that the dehydration of
the hydrophilic group is a necessary condition
for the adsorption to take place. At higher
temperatures, the surfactant is less hydrated
and requires less energy for the adsorption
process®. The effectiveness of a surface-
active molecule is measured by the value of
surface pressure, meme. The values of meme Were
found to be lower at high temperatures,
indicating slightly less adsorption at the
air/liquid interface at higher temperatures.

In the presence of EA, the AG°m free
energy of micellization was still negative but
the values became less than the AG°n in the
absence of EA which indicate that spontaneous
of the micellization process is decreased. This
may be due to the fact that the hydrophobic
group is more solvated. The enthalpy of
micellization values in the presence of EA is
positive which indicate that the process in the
presence of EA become endotheming. The
entropy of micellization is also positive in the
presence of EA and increased as the amounts
of EA increased. The values of AG°ys in the
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presence of EA are more negative than the
corresponding AG°ags Values in aqueous media.
The values are decreased when the EA is
added and more decreased when the
percentage of EA increased, but the sign is still
negative. This indicate that the work done to
transfer the surfactant molecules to the surface
micelle through the H.O—EA media is smaller
than in the aqueous media.

The AG°wv values that were found are
positive in all cases and increased with
increasing EA percentage. This can be
understood on the basis of a reduction of the
hydrophobic interactions caused by improved
solubility ®. The AG°wu values increased when
the temperature increased which indicate the
reduction of the hydrophobic interactions
increased with temperature. I'max Values are
decrease and Amin values are increase in the
presence of EA and the effect increased as the
percentage of EA increased. As the EA
percentage increases the solubility increased
and the I'max decreased. The values of I'max
were increase and minimum area per
surfactant molecules was decrease with
temperature. This can be attributed to several
factors, namely; a change in the water
structure due to the addition of EA, the
interaction between the EA and the surfactant,
and the presence of the EA at the interface (19,
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