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Abstract:

This study is concerned with the determination of critical micelle concentration (cmc) of mixed micelle of
sodium dodecyl sulfate (SDS) and cetyltriammnum bromid(CTAB) as an ionic surfactants (as anionic and cationic
respectively) with Triton x-100 as nonionic surfactant from conductance measurements , the optimal cmc for mixed
micelle (SDS/Tritonx-100) and (CTAB/Tritonx-100) at different mole fraction (o) are determined that are 0.2 and
0.6 respectively .the values of the mole fraction of ionic surfactant in mixed micelle (X;") , the activity coefficients
of the surfactants 1 and 2 in the micelle ;™ and £“ ) and the molecular interaction parameter (™) in mixed
micelle are determined for two mixed solution in different mole fraction . the standard free energy of micellization
for mixing surfactants (AG°mic)is calculated by three equation , the values of free energy at the optimal a are (-
20.1 and-31.2 ) Kcal/mole for mixing (SDS/Tritonx-100) and (CTAB/Tritonx-100) are respectively .

Keywords :  conductometric measurement , ionic &,nonionic surfactant ,mixed surfactant, critical micelle

concentration .
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Introduction

Surfactants are usually organic compounds that are amphiphilic, meaning they contain both

hydrophobic groups (their tails) and hydrophilic groups (their heads) -2 .

One outstanding property of surfactants , in the bulk aqueous phase , they arrange themselves
into organized molecular aggregates known as micelles. This phenomenon is driven by
hydrophobic effect and opposed by electrostatic repulsions between the ionic head groups ©. The
concentration at which micelle formation occurs is known as the critical micelle concentration

(cmc ) 9

The synergistic interactions between the surfactants in binary mixed surfactant systems resulted
in the successful practical applications.The synergism of these interactions can be forecasted by
some theories.There are two common models used to describe the interactions and they are
classified as the ideal and non-ideal models.In the case of ideal mixing of the surfactants, the
phase separation model can be used to calculate the critical micelle concentration (cmc) of the
mixture, CMCix, from the individual cmc, CMC,, and CMC,, and the respective mole fractions
of surfactants (c).Based on the theoretical work by Clint,"""®> CMChpx can be calculated using a

fundamental equation:

1 o 4 Q5
CMC,.. CMC, CMC,

(1)

where CMC; and CMC, are the CMC of the pure surfactant 1 and 2.

In the non-ideal model, a very useful formula to calculate the extent of synergistic interaction is
provided by Rubingh 129 A non-ideality parameter (B) is required in the regular solution
theory (RST) description of a binary system.This interaction parameter is related to the activity
coefficients of the surfactants.

The focus of this paper is on the conductometric method. This method is frequently used for

the determination of the cmc of ionic and mixed surfactants because it is simple and accurate.
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We have measured the conductivities of SDS and CTAB and mixture these ionic surfactants with

nonionic surfactant (Triton-X100)at definite temperatures.

Material and Method :

Sodium dodecyl sulphate (99%) was purchased from Panreac , Spain , CTAB (97%) from SRC
,China  while  Triton x-100 from Hi Media , India. The surfactants were used without further
purification. Their purity was checked by determining the cmcs of the pure surfactants, and these
were in agreement with literature values. The molecular architecture of these surfactants are
shown in the Table (1).

Preparations of the binary mixtures :

Stock solutions of surfactants: 20mM SDS, 5mM CTAB , and 4mM Triton X-100[the cmc is
determined from literature ( 0.27 mM)]  were prepared by dissolving in water with gentle
stirring.  All solutions were prepared in deionized water water having a specific conductance 3-
5.5 uS cm™ at 22 °C. Binary mixtures of nonionic surfactants and ionic surfactant were prepared
by mixing the required volumes of stock solutions in different ratio (o ) . Before further use, the

mixtures were left for 24 h at room temperature 124

Conductometry :

Conductivity measurements were realized at 22 °C, in water bath HJRGENS & CO. D2800
bremen by adding 0.2 cm® portions of titrant to 50 cm® of analyte. After the addition of each
portion, the solution was stirred until a steady conductance value was achieved. Specific
conductance was measured using conductivity meter 7110 , WTW 92382 WELHEIM , Germany
and conductivity cell with the cell constant of 1.00 cm™ .The conductivity meter was calibrated
with 10 mM KCI solution prior to the experiment. The uncertainty in conductivity measurements

was estimated to be + 0.5 pS cm’” (25-29)

83



Journal of Kufa for Chemical Science VOl (2) NO. (2)ecueeeeeeieiemenecneeeeenecacenss Jun 2017

Table (1): Molecular structure for surfactants

Surfactant Molecular structure

Sodium dodecyl sulphate (SDS) o O
N\ ®
/\/\/\/\/\/\ /S\ ) Na

Mwt =288.37 g/mole H3C (@) (@]

Cetyl triammonium bromide(CTAB) N7
~
Mwt= 364.45g/mol Br

t-octylphenoxypoly-
ethoxyethanol,Octoxynol-9

(Triton x- 100)

Mwt= 647 g/mol

Results and Discussion :

1. the conductivity-concentration curve for individual surfactant :

Because cmc is a ‘phase transition’ between two different regimes of a surfactant solution, The
cme can be determined by the conductivity method of the SDS solution ( Na* and ~ OSO3C12Hos
jons) and CTAB solution (Brr and CigHs;N* ions ) are known as charge carriers which will
increase the conductivity of the solution when ionization takes place. the plot of conductivity
versus concentration shows a linear behaviour with two different slopes. Usually, the intersection
of the two straight lines below and above the cmc gives the cmc of the surfactant. Figures ( 1 and
2)show a plot of conductivity as a function of SDS and CTAB concentrations , the cmc values
of SDS and CTAB are 7.95 mM and 0.909 mM that consistent with those reported 23 30-31)
the cmc of SDS is higher than that of CTAB . These observations are due to the tendency of the
hydrocarbon chains to remove themselves from water. There are two competing processes in the
formation of micelles of ionic surfactants in aqueous systems as mentioned earlier on. The
binding affinity of the counterion to the micelles, which depends on the magnitude of its charge

(3,32)

and size . Nevertheless, the behaviour of the hydrocarbon tails account for the observed

difference in the cme of these surfactants.
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2. The cmc of mixed surfactant :
The critical micelle concentrations of the binary surfactant solutions were studied through

conductivity measurements at different mole fractions of the ionic surfactants (o). Prepared
mixtures consisted of 0.2, 0.4, 0.6 or 0.8 mole fractions of ionic Surfactant (o), as seen in

Tables (2) . A break in the conductivity against concentration plots, characteristic of micelle
formation, was observed (Figures 3 and 4) For SDS-Triton x-100 and CTAB —Triton x-100
mixtures respectively. The optimal micellar values for two mixed surfactants are at o =0.2 and «a
=0.6 respectively , the minimum of cmc appears where the molecular mole fraction of ionic
surfactant (SDS and CTAB ) is lower in the mixed micelle than in the bulk phase. And the
molecular interaction parameter in the mixed micelle, M, calculated from Eq. (2) (Table 2) has

also the lowest value®®) .

3. The interaction parameter for mixed micellization :

Table (2) illustrate the interaction parameters for binary system that have negative values
indicating synergism in the micellar systems. The Phenoxy part of Triton X-100 is shorter and
less hydrophobic than hydrocarbon tails of examined for another nonionic surfactants, creating

(33) | However, taking into account the lowest value of BM the best

the weakest synergistic effect
synergism exists on the basis of the data presented abowve it is difficult to explain exactly why the
minimum of cmc  calculated theoretically appears at a different composition of the mixed micelle

that obtained from measurements of the conductivity of mixtures surfactant®*

the molecular-thermodynamic theory of mixed surfactant solutions *3%) . This theory allows us
to predict the molecular interaction parameter in the mixed micelle, pM, that calculated from the

relation of Rubingh and Rosen (23 36):
In(act/xMcM)
T a-xy @)

where CM; | C1,M  are the critical micelle concentrations (cmc) of the individual surfactant 1,

M

and mixture of surfactants 1 and 2,
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respectively, and X;™ 1 is the mole fraction of surfactant 1 in the mixed micelle. The X;¥  can

be evaluated from the equation:

P I M s A My

7 = ]
(1= XNl — et — 0N 3)

where C;M is the cme of the individual surfactant 2.

Knowing the interaction parameters for the mixed monolayer and micelles it is possible to
determine the activity coefficient

of the surfactants in the mixtures. From the nonideal solution theory it results that the activity
coefficients of the surfactants 1

and 2 in the micelle (f;™ and f, ) are calculated from these equations, respectively:
M _ pM M
Inf* = p"(1-xM)7? @
Inf;M = pM (x}M)? (5)

4. The standard free energy of mixed micellization

The tendency of surfactants to form micelles can be established on the basis of standard free
energy of micellization (AG ° ). In the literature there are many different ways for
determination of this energy ®® . The figures (7 and 8) illustrate three ways to determine the
free energy of mixed micellization ,one of these ways has introduced from the following
equation :

AG],. = RTlncmc  (6)

The values determined in this way are higher than those obtained from Equation :

AGpic = XF&Gmicl + Xg{‘ﬁ{;micz (?)

the term of the free energy of micellization resulting from the mixing process of the surfactants

in the micelles. This term should fulfil the quation:
GM =RT (XMIn M+ XM InfM) (8)
The third equation to determine the free energy of mixed micellization by adding the equations

(7) to (8) :

86



Journal of Kufa for Chemical Science VOI. (2) NO.(2)eeeeeeeiieeeiemnenerneeeneennrnnannns Jun 2017

ﬁ{;mic = X]J}{‘&Gmicl + Xg{ﬁ{;micz + GM (9)

from Eq. (9) are presented in Figures ( 7 and 8 ) , it appears that the values of the standard free

energy of mixed micellization are approximately identical as those determined from Equation (7)

, but there are minimum values of _AGpic at a equal 0.2 for the mixture (SDS —Triton x-100) and

equal 0.6 for the mixture

( CTAB —Triton x-100) . These calculations indicate that using Eg. (8) it is possible in a accurate

way to obtain the values of the standard free energy of micellization for mixtures of two
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figure(3):Experimental data of conductivity versus
concentration of mixed surfactant (SDS & TritonX-100)

figure(4):Experimental dataof conductivity versus

concentration of mixed surfactant (CTAB & Triton X-100)
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figure(5):Relationshipbetween cmc & the mole fraction
(a)of mixed surfactant (SDS +Triton X-100)

figure(6):Relationship between cmc & the mole fraction
(a)of mixed surfactant (CTAB +Triton X-100)
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figure(7):Relationship between AG & the mole fraction
(a)of mixed surfactant
(SDS +Triton X-100) by different equation

figure(8):Relationship between AG & the mole fraction
(a)of mixed surfactant
(CTAB +Triton X-100) by different equation
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Table (2):values of the cmc ,themolefraction of surfactant(X1"),molecular interaction parameter (8", activity coefficient of
the surfactants 1 and 2 (. and F.™) in mixedmicelle.

Surf.mix. a cmc (mM) XM M FM FM
° 0.2 0.4093 0.422 -2.51879 0.431069 0.63855
o
—
x 0.4 0.5457 0.573 -2.4315 0.618908 0.421474
o
'é 0.6 0.883 0.664 -2.2134 0.778891 0.376861
wn
a 0.8 1.642 0.793 -1.9888 0.918312 0.286317
- 0.2 0.327 0.2015 -1.6152 0.357058 0.936523
% 0.4 0.343 0.3392 -1.85441 0.444974 0.807864
|_
3 o 0.6 0.316 0.4123 -1.97291 0.505896 0.715069
<L o
5 2 08 0.377 0.5111 -1.80758 0.649175 0.62364
Conclusion :

The results of the measurements of the conductivity and the calculations of the cmc of mixed
micellization of aqueous solution of  SDS- Triton x-100 and CTAB —Triton x100 suggest
that:

1. the conductivity depends on the concentration and composition of aqueous solution of SDS-
Triton x-100 and CTAB —Triton x100 mixture

2.the optimal values of the cmc for all a values for SDS- Triton x-100  and CTAB —
Triton X100 are 0.2 and 0.6 respectively

3. for all @ values the parameter of intermolecular interaction in mixed micelle pY  has a
negative value and increases with a  in mixed micelle SDS -Triton x-100  while it has
minimum valie at oo =0.6 in mixed micelle CTAB —Triton x-100

4.  knowing the composition of the mixed micelle it is possible to determine in a simple way the
standard free energy of micellization process of SDS —Triton x-100 and CTAB —Triton X -
100 surfactant mixtures
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