Abstract

Using surface tension and conductometry techniques, Self-aggregation of mixed binary nonionic and ionic comprising cetyltrimethylammoniun bromide(CTAB) and -(1,1,3,3-tetramethylbutyl) polyoxyethylene (TritonX-100) were investigated in detail at different temperatures and electrolyte concentration. The thermodynamic parameters for the micellization were obtained from the temperature-dependent data on critical micelle concentration and degree of counterion dissociation. The influence of electrolyte on the micellization of surfactants was monitored from the changes of thermodynamic parameters. An enthalpy –entropy compensation effect was observed in all systems both in the presence and absence of electrolyte and its plots exhibited an excellent linearity. In addition, the interfacial adsorptions of the pure and mixed amphiphiles including their surface excess, head group areas, surface pressure and thermodynamic parameters of adsorption were evaluated.
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1. Introduction 
The study of surfactant mixing in micelles and at interfaces is of considerable current interest for both theoretical and practical reasons [1-3]. The widespread use of surfactant in many practical applications such as detergency and cosmetics usually involves mixtures because they provide synergistic enhancements of many aspects of performance and behavior and commercially used surfactants are often inherent mixtures [4-6]. The physicochemical and surface active property of the surfactant mixtures have been influenced by the nature of their head groups and tails as well as the environmental conditions such as temperature [7-10]. To optimize these properties of surfactant mixtures, it is, therefore, helpful to understand the interaction among surfactants in mixtures. The temperature effect on the interaction of two surfactants in mixed micelle and surface properties of surfactant mixtures have not attracted much attention thus far [11-13]. The significance of the temperature effect on the interaction and interfacial properties can not be neglected as it enables the evaluation of thermodynamic quantities such as entropy, enthalpy, energy of mixed micelle formation and adsorption. Sabagh et al. have demonstrated the significance of temperature effect on interaction of p-isooctylphenol ethoxylates and N-diethoxylatedperfluorooctanamide in mixed micelle and adsorption layer and evaluated the thermodynamic parameters of micellization (∆Gmic, ∆Hmic, ∆Smic ) and adsorption (∆Gads, ∆Hads, ∆Sads ) for these surfactants and their mixtures [14]. Palepu et al. found the interaction parameter between two cationic surfactants which exhibited a weak temperature dependency [15]. The influence of cosolute additives such as glucose and temperature on association of the mixture of silicone surfactants was studied by Sastery et al. Their results showed that the increase in temperatures would cause a transition from the oblate to the disklike micellar shape due to variation hydration values. [16]. 
In this article, the mixed micelles of cetyltrimethylammonium bromide with TritonX-100 were investigated using conductometric and tensiometric techniques. The results were analyzed to obtain the standard thermodynamic parameters of mixed micelle formation (∆Gmic, ∆Hmic, ∆Smic ), interfacial parameters such as maximum surface excess (Γmax), minimum area per molecule (Amin) and the Gibbs free of adsorption at the air /water interface. 
Also to the best of our knowledge, there is no systematic study on the electrolyte effect on the enthropy-enthalpy compensation behavior of ionic and nonionic surfactants and their mixtures. On the basis of CMC data and determining 
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, the dependence of compensation temperature on the electrolyte effect was discussed in this paper. 
2. Experimental Section
2.1. Material
CTAB (Sigma), TritonX-100 (sigma), and sodium bromide (NaBr) (Merck) were used for preparation of aqueous solutions. All solutions were prepared in doubly distilled water.

2.2. Methods

2.2.1. Surface tension measurements

 Surface tension measurements were carried out with Krüss K12 tensiometer under atmospheric pressure by the ring method [17-18]. The platinum ring was thoroughly cleaned, and the flame dried before each measurement. The measurements were done in such a way that the vertically hung ring was dipped into the liquid to measure its surface tension. It was, then, subsequently pulled out. The maximum force needed to pull the ring through the interface was, then, expressed as the surface tension, 
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(mN/m). Measurements of the surface tension of pure water at 298K were performed to calibrate the tensiometer and to check the cleanliness of the glassware. In all cases more than successive measurements were carried out, and the standard deviation did not exceed ±0.1mN/m. The temperature was controlled to within 
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 by circulating thermostated water through the jacketed glass cell, sample solution was continuously stirred using magnetic stirrer.
2.2.2. Conductivity

Conductivity measurements of surfactant solutions were made by a conductometer model, Meterohm712. After measuring the conductivity of the solvent, three successive conductivity measurements of the surfactant solutions were carried out. All measurements were taken under controlled constant temperature by circulating water through a jacketed beaker holding the solution under study. Temperature was maintained within ±0.1°C. The error in each specific conductivity measurement was estimated to be ±0.5μs cm−1.

3. Result and discussion

3.1. CMC and Thermodynamics of micellization  

The surface tension of CTAB, TritonX-100 and mixture 1:1 of CTAB/TritonX-100 were measured as a function of the surfactant concentration at various temperatures and different electrolyte concentrations. Figure 1 shows the plots of surface tension versus the logarithm surfactant concentration at different temperatures. The plots in Figure 1 show a sharp break point which corresponds to the CMC value at each temperature. The results in Table 1 show that the CMC of TritonX-100, CTAB and mixture 1:1 of  CTAB/TTritonX-100 decrease as the system temperature increases in the temperature range studied. This trend is a consequence of the reduction in hydrophobicity of the surfactant molecules, which is due to a smaller probability of hydrogen bond formation at higher temperatures. In other words, the increase in temperature produces the decrease in hydration of the hydrophilic head group, which favors the micellar formation. Therefore, micellization process occurs at low concentrations as the temperature increases. From data in Table 1, it is observed that the electrolyte modifies the physicochemical properties of the nonionic surfactant (TritonX-100) the same way as ionic surfactant. The CMC of TritonX-100 decreases as the NaBr concentration increases. This trend was observed in all temperatures studied. The most accepted explanation of this trend is given in the content of the “salting out” effect [19-21]. In this sense it has been suggested that the decrease in CMC for nonionic surfactants with electrolyte addition is related to the work required to disrupt the structure of the aqueous solvent by the insertion of a surfactant molecule. Because the added salt acts to enhance the water structure, the introduction of the monomer surfactant molecule will require an additional amount of work to overcome that added structural energy. As a consequence, it decreases the solubility of the surfactant and, thus, the CMC is reduced. Furthermore, a second contribution to the reduction of the CMC can be considered. Note that the decrease of the head group size with increasing electrolyte concentration can result in less repulsive head group/head group interaction which might also imply the observation of the CMC decrease.

Figure 2 represents the change of the specific conductance, (, as a function of total concentration of surfactant at different temperatures. It can be observed that the results fit into two straight lines with different slopes. The break in the ( versus concentration plot originates from the micellization of amphiphilic compounds [22], and the concentration of the break point corresponds to the CMC. The values of CMC estimated from the electrical conductivity plot are also given in Table 1. The agreement of the CMC derived from these two methods seems satisfactory taking into account the fact that the CMC generally depends on the determination method.

It can be seen in Figure 2 that the slopes of the linear region above CMC are smaller than those below CMC. This is a consequence of counterion binding at the surface of micellar aggregates. In other words, there is an effective loss of ionic charges since a number of counterions are confined to the micellar surface. The degree of counterion dissociation, (, corresponds to the average number counteions/surfactant ion that dissociates from the micelle, and this parameter can be estimated from the ratio between the slopes of the curves above and below the CMC [23, 24]. The obtained ( values are summarized in Table 1. The ( value is more in CTAB/TritonX-100 mixture than pure CTAB systems. This suggests that the reduction of the charge density at the micellar surface is caused by the presence of TritonX-100 in micelle. Furthermore, ( values decrease with the increase of ionic strength of the aqueous medium, while the effect of the temperature on ( is minor.
The corresponding thermodynamic parameters of micellization have been obtained using the temperature dependence of the CMC. According to the mass action or phase separation model, the standard free energy of micelle formation per mole of monomer, ΔG(mic for nonionic surfactants and ionic surfactants or mixture of ionic/nonionic surfactants are obtained using Eq [1], and Eq[2], respectively [25, 26]. 
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where XCMC and α represent the CMC values on the mole fraction scale and degree of counterion dissociation, respectively. By applying the Gibbs-Helmoltz equation to Eq [1] or Eq [2], the enthalpy of micellization can be obtained by: 
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To evaluate the enthalpy of micelle formation, the CMC and α’s values are first correlated by a polynomial equation:
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where constants a, b, c, d, a', b', and c' are determined by least-squared regression analyses. The enthalpy of micelle formation is then calculated numerically by substituting eq. (5) and eq. (6) into eq. (4).
The entropy contribution to the micellization process can be estimated from the calculated enthalpy and free energy values as
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The thermodynamic parameters of micellization that obtained by applying the above procedure are also reported in Table 1. The free energy of micellization is negative and becomes more negative as the temperature increases, in both pure system and mixture, indicating that the formation of micelles becomes more spontaneous at higher temperatures. The data of the change of the enthalpy of micellization, ΔH(mic, that we have obtained indicate that the micellization for TritonX-100 process is endothermic
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; however, this magnitude shows a weak dependence with temperature. Positive values of ΔH(mic, such as those observed in our system, are usually attributed to the release of structural water from the hydration layers around the hydrophobic parts of the surfactant molecule [27]. These hydrophobic interactions become significantly smaller with the partial disruption of the structure of the water as the temperature is increased. The free energy of micellization of TritonX-100 is negative and becomes more negative as the electrolyte concentration increases, indicating that the micellar formation becomes more favorable in the presence of NaBr concentrations. The enthalpy of micellization is decreased due to salting effect. The enthropy does not change significantly.

The entropic contribution of the micelle formation,
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, presents positive values that are larger than ΔH(mic, showing the importance of hydrophobic interactions in the micellization process of TritonX-100. In the case of CTAB and CTAB/TritonX-100 mixture, the ΔH(mic values are found to be negative and dependent on temperature. It has been suggested [3] that ΔH(mic negative values can be taken as evidence that London-dispersion interactions represent a major force for micellization. From data in Table 1, it is clear that London-dispersion interactions play a more predominant role as temperature increases. In addition, ΔH(mic decreases with the increase of electrolyte concentration. It is seen in Table 1 that 
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  presents positive values. It can be concluded that micellization is driven by both entropic and enthalpic processes in CTAB and CTAB/TritonX-100 mixtures.

On the other hand, it is interesting to point out that the so-called enthalpy-entropy compensation phenomena have been observed in several processes, including the micellization of surfactants [28-34]. In general, the compensation phenomena are expressed by a linear relationship in the form [35]:
 
[image: image11.wmf]o

o

mic

C

mic

mic

S

D

T

+

DH

=

DH

*

                                                                                     (8)
Following the conceptual scheme proposed by Lumry and Rajeder for a compensation phenomenon, the micellization can be considered as a process in two parts [36]; a “solvation” part, i.e., the dehydration of the hydrocarbon tail of surfactant molecules and a “chemical” part, i.e, aggregation of the hydrocarbon tails of surfactant molecules to form a micelle. The slope of the compensation plot, TC, known as the compensation temperature, can be interpreted as a characteristic of solute-solute and solute-solvent interactions, which provides a measure of the solvation part in the micellization process. The interception of that plot, 
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 , gives information on the solute-solute interactions and is considered as an indicator of the chemical part of the micelle formation [35]. An acceptable linear relationship obtained in all compensation plots for TritonX-100, CTAB and CTAB/TritonX-100 mixtures in different electrolyte concentrations (see Figure 3). All these compensation values, 
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 and TC for CTAB, Triton X-100 and CTAB/Triton X-100 mixtures are listed in Table 2. The intercept 
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 decreases gradually as the electrolyte concentration increases for CTAB and CTAB/Triton X-100 mixtures. On the other hand, the value of 
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 of Triton X-100 did not alter notably when the electrolyte concentration increases. Note that the intercept 
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Thus, the decrease in the intercept 
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caused by an increase electrolyte concentration corresponds to an increase in the stability of the structure of micelles due to the decrease of repulsion between head groups. It is observed that in practice the value of 
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 decreases by ~ 3.5 kJ/mol, 2.5 kJ/mol and 0.27 kJ/mol for CTAB, CTAB/Triton X-100 mixtures and Triton X-100, respectively, when the electrolyte is added to system. In other words, the effect of the chemical part on the process of micellization enhances more pronouncedly with an increase in electrolyte concentration in CTAB and CTAB/Triton X-100 mixtures. This observation implies that the addition of electrolyte enhances the stability of micelles of ionic surfactant more effectively than that of nonionic surfactants. It is seen that the compensation temperature for Triton X-100 are slightly larger than those of CTAB and CTAB/Triton X-100. This fact implies that the desolvation part of the process of micellization is practically dependent on surfactant type. It is believed that this variation in compensation temperature is due to dramatic difference in the nature of the hydrophilic group between the ionic and nonionic surfactants [35].
It is clear that the presence of electrolyte has an insignificant influence on compensation temperature or the desolvation part of micellization process. It is practically independent of the presence of electrolyte.
3.2. Thermodynamic of adsorption

An effective measure of the adsorption of surfactant in the air-liquid interface is usually obtained by the surface excess concentration, 
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, which can be determined by the Gibbs equation for dilute solutions [37-39]
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where R and T are gas constant and temperature, respectively, 
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 is the surface tension, C is the concentration of surfactant, and n is the number of species formed in solution by way of dissociation per monomer.

The minimum area per headgroup (Amin) of surfactant molecules at CMC at the saturated interface was obtained by the equation [40]:
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 where NA is Avogadro's number [41]. The calculated values of  Γmax and Amin for CTAB, Triton X-100 and CTAB/Triton X-100 in different electrolyte concentration and temperature are presented in Table 3.

The pure CTAB produced lower Γmax than pure Triton X-100; mutual repulsion between the ionic headgroups of CTAB led to surface saturation at a comparatively lower concentration than the neutral Triton X-100 molecules. For the binary mixtures, Γmax values were found between the Γmax of pure CTAB and TritonX-100 systems. From the data in Table 3, it can be seen that the surface excess concentration, Γmax of CTAB, Triton X-100 and their binary mixtures increase with temperature increase. This behavior is due to the decrease of dehydration of the hydrophilic groups as the temperature increases, which in turn increases the tendency to locate at the air-liquid interface. The reduction in Γmax with temperature is due to the fact that thermal motions increase as the temperature increases. This manner is seen in  the presence of electrolyte.
The addition of electrolyte to CTAB solution causes an increase in Γmax due to reduction of electrostatic repulsions between headgroups. However, in TritonX-100, the Γmax increase with addition of electrolyte which can be related to the dehydration of the hydrophilic group induced by the presence of the electrolyte. The Γmax of binary mixture increases with the electrolyte addition due two factors that discussed above. As expected, Amin presents an inverse trend with respect to Γmax with temperature increase and electrolyte addition.

The effectiveness of surfactant molecule is measured by the surface pressure at the CMC, 
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, which can be obtained from the equation:   
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Here, 
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 are the surface tension of pure solvent and of the micellar solution at the CMC, respectively. The standard free energy of adsorption, 
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where the standard state for the surface phase is defined as a hypothetical surface covered with a monolayer of surfactant at its closest packing but at a surface pressure equal to zero [38]. The
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The 
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 values calculated in this manner at different temperatures (30, 35, 45(C) were plotted. From those curves, 
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The values of  
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 at particular value of T can be obtained using the general Gibbs free energy equation at constant temperature and pressure:
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A priori, an increase in the adsorption of the surfactant should produce a decrease in the surface tension and, therefore, an increase in the surface pressure(
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). However, in this case, the reduction rate in 
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 resulting in a decrease of 
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, as shown in Table 3. This decrease can be taken to mean that temperature has a greater effect on the water structure than on the dehydration of the hydrophilic groups of the surfactant.

From data in Table 3, it can be seen that 
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 values for CTAB, TritonX-100 and their mixtures are negative and become more negative as the temperature increases, indicating that the adsorption of the surfactant in the air-liquid interface occurs spontaneously and becomes more spontaneous at higher temperatures. This can be attributed to the fact that dehydration of the hydrophilic groups, which is required for the adsorption process, is facilitated as temperature increases. In addition, it is observed that 
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 values are more negative than their corresponding 
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 values, indicating that when a CTAB or Triton X-100 micelle is formed, work has to be done to transfer the surfactant molecules in the monomeric form at the surface to the micelle stage through the aqueous medium [43-44]. Also, this may be due to the effect of steric factor of inhibition of micellization more than its effect on adsorption. The values of 
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, demonstrating that the hydrogen bonds between the water and the oxygen of EO (ethylene oxide) chain in the surfactant molecule are broken in the process of adsorption at air/aqueous interface more than in the micellization process.

The values of 
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 are all positive and greater than those of 
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 for the same compound. This may reflect the greater freedom of motion of the hydrophobic chains at the planer air-aqueous solution interface compared to that in the relatively restricted interior beneath the convex surface of the micelle. These observations are consistent with data reported by others [45-46], which indicate that steric factors inhibit micellization more than adsorption at the air-aqueous solution interface.          

4- Conclusion
Through a surface tension and coductometry study of CTAB, TritinX-100 and their mixtures in a temperature range, the alteration of the CMC and ( have been obtained with NaBr addition. This study allows us to obtain both the thermodynamic parameters of micellization and adsorption in the liquid-air interface. The results indicated that the micellization process is favored by temperature increase, and confirmed an enthalpy-entropy compensation typical process in different salt concentrations. The adsorption data in the air-liquid interface showed that the adsorption of the surfactant occurs spontaneously and becomes more spontaneous at higher temperatures. Also, the comparison of adsorption and micellization thermodynamic parameters demonstrated that the adsorption of the surfactant in the air-liquid interface is a more favorable process than micelle formation. This situation is almost unaffected by presence of salt. Different
Notation:
	
	

	Ideal mixing of area 
	Aideal

	Minimum area per molecule
	Amin

	Concentration of micellar composition change
	Cc

	Monomer concentration of CTAB
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	Critical micelle concentration of CTAB
	CMC1

	Critical micelle concentration of TritonX-100
	CMC2

	Salt concentration
	Cs

	Total surfactant concentration
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	Number of molecules in mixed micelle
	ni

	Packing parameter
	P*

	Gas constant
	R

	Absolute temperature
	T

	Mole fraction of surfactant 1 in the mixed micelle 
	M1X

	Composition of micelles 
	XM

	Interaction between CTAB and Triton X-100 after mixing
	WAB

	Composition of the adsorbed film 
	Z

	Dissociation degree
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	Interaction parameter in the adsorbed film phase
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Table 1. CMC, degree of counter ion  dissociation(α) and thermodynamic parameters of micellization of CTAB, TX-100 and CTAB/TX-100(1:1) in different electrolyte concentration at various temperatures.
	SΔ
	HΔ
	GΔ
	α
	CMC
	Salt Concentration
	Compound
	T

	-0.00306
	-49684.8
	-48759.1
	0.23
	9.9
	0
	CTAB


	

	
	
	
	
	
	0.001
	
	

	
	
	
	
	
	0.01
	
	

	--0.02332
	-54315.3
	-47250.5
	0.43
	3.6
	0
	CTAB/TX-100
	303


	0.17955
	-101726
	-47322.6
	0.46
	2.8
	0.001
	
	

	
	
	
	
	
	0.01
	
	

	0.143302
	12365.46
	-31055.1
	
	2.46
	0
	TX-100
	

	0.132931
	8701.62
	-31576.6
	
	2
	0.001
	
	

	0.133106
	8625.29
	-31705.8
	
	1.9
	0.01
	
	

	-0.01128
	-52242.9
	-48768.4
	0.27
	9.2
	0
	CTAB


	

	
	
	
	
	
	0.001
	
	

	
	
	
	
	
	0.01
	
	

	-0.02728
	-55911.9
	-47508.3
	0.44
	3.8
	0
	CTAB/TX-100
	308

	-0.20618
	-108891
	-45387.9
	0.57
	2.3
	0.001
	
	

	
	
	
	
	
	0.01
	
	

	0.145134
	12776.93
	-31924.4
	
	2.14
	0
	TX-100
	

	0.134281
	8991.172
	-32367.4
	
	1.8
	0.001
	
	

	0.134599
	8912.302
	-32544.1
	
	1.68
	0.01
	
	

	-0.02063
	-54731.4
	-48272.7
	0.32
	8.9
	0
	CTAB


	

	
	
	
	
	
	0.01
	
	

	
	
	
	
	
	0.001
	
	

	0.03543
	-58769.1
	-47678.5
	0.47
	3.5
	0
	CTAB/TX-100
	313

	0.21912
	-113579
	-44995..3
	0.61
	2.2
	0.001
	
	

	
	
	
	
	
	0.01
	
	

	0.14637
	13195.13
	-32618.7
	
	2
	0
	TX-100
	

	0.135133
	9285.463
	-33011.2
	
	1.72
	0.001
	
	

	0.135168
	9204.011
	-33103.6
	
	1.66
	0.01
	
	

	-0.03198
	-57917.3
	-47748.9
	0.38
	8
	0
	CTAB


	

	
	
	
	
	
	0.001
	
	

	
	
	
	
	
	0.01
	
	

	0.05348
	-63185.7
	-46177.6
	0.56
	3
	0
	CTAB/TX-100
	315

	0.23595
	-119020
	43989.1
	0.67
	2.05
	0.001
	
	

	
	
	
	
	
	0.01
	
	

	0.147383
	13620.07
	-32247.7
	
	1.92
	0
	TX-100
	

	0.135803
	9584.492
	-30600.7
	
	1.68
	0.001
	
	

	0.136048
	9500.418
	-33763
	
	1.58
	0.01
	
	


Table 2. compensation parameters for CTAB, TX-100 and CTAB/TX-100 in different electrolyte concentration.
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	279.93
	-53.316
	281.61
	-51.463
	282.47
	-48.977
	CTAB


	298.6
	-31.771
	302.4
	-31.543
	304.12
	-31.275
	TX-100


	286.1
	-52.474
	287.55
	-50.586
	288.55
	-47.97
	CTAB/TX-100

1:1))


Table 3. surface excess concentration(Γmax), minimum areaper molecule(Amin), surface pressure at the CMC(ПCMC), and thermodynamic parameters of adsorption for CTAB, TX-100 and CTAB/TX-100(1:1) mixtures in different clectrolyte concentration at various temperatures. 

	Compound             T             (max *10-6              (CMC                (CMC                            Amin*10-9         (G(ads                (S(ads                    (H(ads
                            (K)           ( mol/m2)         (mN/m-1)           (mN/m-1)            (nm2)          (KJ/mol)             (KJ/mol)              (KJ/mol)

	with out 
salt
CTAB

303

2.39

33.06

34.94

0.42
-63.38
0.14

-20.96
308

2.48

32.29

35.71

0.40

-63.17
0.14

-20.05
313

2.51

31.01

36.99

0.39

-63.01
0.14

-19.19
318

2.79

30.77

37.23

0.36
-61.09

0.14

-16.57

TX-100

303

2.99

31.14

36.86

0.33

-43.38

0.079

-19.44

308

3.07

31.44

36.56

0.33

-43.83

0.079

-19.50

313

3.24

31.77

36.23

0.31
-43.80

0.079

-19.07

318

3.19

31.44

36.56

0.31

-44.71
0.079

-19.59
CTAB/TX-100

303

1.71

32.42

35.58

0.58

-68.06
-0.323

-165.93
308

2.29

32.28

35.72

0.44
-63.11
-0.323

-162.59

313

2.57

31.72

36.28

0.39
-61.79

-0.323

-162.89

318

2.16

31.43

36.57

0.46

-63.11
-0.323

-165.82

0.001M 
NaBr
CTAB

303

3.17

35.75

36.25

0.31

-65.53

0.134

-24.93

308

2.8

35.6

36.4

0.36
-68.29
0.134

-27.01

313

2.24

33.95

38.05

0.45
-72.65

0.134

-30.71

318

72

0.134

42.61

TX-100

303

4.1

30.6

41.4

0.24

-41.67

0.108

-8.95

308

3.06

30.4

41.6

0.33
-45.96

0.108

-12.69

313

2.93

28.3

43.7

0.34

-47.92

0.108

-14.12

318

2.3

29.59

42.41

0.43

-52.04
0.108

-17.69

CTAB/TX-100

303

2.65

31.44

40.56

0.38

-62.36

-0.286

-149.02
308

3.15

31.22

40.78

0.32
-57.61

-0.286

-145.70

313

2.45

31.5

40.5

0.41
-60.17

-0.286

-149.69
318

72

-0.286

-90.95
0.01 M 
NaBr
CTAB

303

4.61

34.7

37.3

0.22

-62.91

0.782

174.03

308

3.28

38.39

33.61

0.31
-63.52

0.782

177.33
313

2.55

34.65

37.35

0.39

-68.83

0.782

175.935

318

1.95

34

38

0.51

-74.18

0.782

174.49

TX-100

303

5.3

31.49

40.51

0.19

-39.34

0.396

80.64
308

4.95

37.56

34.44

0.20

-39.50

0.396

82.47
313

4.47

28.31

43.69

0.22

-42.88
0.396

81.07

318

3.98

28

44

0.25

-44.82
0.396

81.113

CTAB/TX-100

303

4.6

30.95

41.05

0.22
-63.92

0.224

3.956

308

4.54

32.2

39.8

0.22

-66.22

0.224

2.775
313

4.35

31.72

40.28

0.23
-66.99

0.224

3.115
318

4.17

31

41

0.24
-67.39

0.224

3.833443
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 Figure 1.  Equilibrium surface tension of mixed 1:1 CTAB/Triton X-100 at different salt concentrations vs. logarithm of the total concentration, logCt. 
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Figure 2: Specific Conductance of solution of mixed 1:1 CTAB/Triton X-100 at                     different salt concentrations vs the total concentration.
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Figure 3. Enthalpy-enthropy compensation plots for surfactants: (a) TX-100; (b) CTAB; (C) CTAB/TX-100(1:1).
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