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Micellization Behavior and Thermodynamic Properties of Triton X-100/

CTAB Mixtures in Ethylene Glycol and Water Solvent Mixtures
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Abstract: The micellization behavior of the nonionic surfactant Triton X-100 (TX100) and the cationic cetyltrime-
thylammonium bromide (CTAB) binary mixtures was investigated in ethylene glycol (EG) and water mixtures using a
tensiometric technique. We show that synergistic effects exist for surface tension reduction and mixed micelle
formation. When the molar fraction of CTAB in the mixture is about 0.3, the synergistic effect is at its optimum. The
critical micelle concentration of the mixture increases as the content of EG in the mixed solvents increases. The
established theories of Rubingh and Maeda were applied to determine the molar fraction of the different components,
the interaction parameters and several thermodynamic properties of the micellar phase. We found that the micelle
composition and the interaction parameters from Rubingh’s model and Maeda’s model were in agreement.
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Fig.1 Surface tension versus logarithm of
concentration of pure TX100 and CTAB and their
mixtures TX100/CTAB at different composition in
20% EG aqueous solution
a, (molar fraction of CTAB in solution): (a) 0.000, (b) 0.151, (c) 0.302,
(d) 0.500, () 0.685, (f) 0.825, (g) 0.948, (h) 1.000
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Table 1 Surface activity parameters of TX100/CTAB mixture system of surfactants in 5%, 10%, 20%
EG aqueous solution at 298.15 K

Yend (MN-m™) cme(mmol -L™) cmch, (mmol - L™)

e 5% 10% 20% 5% 10% 20% 5% 10% 20%
0.000 28.4 28.4 28.2 0.31 0.34 0.44 0.31 0.34 0.44
0.151 30.6 30.6 30.5 0.24 0.29 0.39 0.38 0.42 0.54
0.302 31.7 31.7 31.6 0.23 0.29 0.41 0.47 0.51 0.64
0.500 32.7 32.6 32.5 0.26 0.33 0.48 0.60 0.65 0.80
0.685 339 33.9 33.8 0.35 0.43 0.61 0.75 0.82 0.97
0.825 34.3 34.2 34.1 0.52 0.62 0.79 0.90 0.97 1.12
0.948 35.0 34.9 349 0.83 0.94 1.07 1.05 1.13 1.27
1.000 359 35.8 35.8 1.12 1.21 1.34 1.12 1.21 1.34

c

cmcy; is calculated from Clint method™*” (Eq.(1)).
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Fig.2 Dependence of critical micelle concentration
(cmc) of TX100/CTAB mixture system on the molar
fraction of CTAB in 20% EG aqueous solution
The solid curve represents the experimental data and the dotted line
represents the cmc of the ideal mixing situation estimated by Clint’s

method.
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Table 2 Micellar parameters of mixture TX100/CTAB obtained from Rubingh model in 5%, 10%, 20% EG
aqueous solution at 298.15 K

—AG,ix AS, i -G*
e @ X + Y F2 ('mol™ (-K'-mol) (- nir')
5% 0.151 0277 3.06 0.79 0.20 2083 491 1520
0.302 0.367 3.33 0.64 0.26 3546 5.46 1917
0.500 0.445 3.42 0.51 035 3797 5.71 2094
0.685 0518 3.03 0.44 0.49 3502 5.76 1875
0.825 0.607 2.45 041 0.68 3111 5.57 1449
0.948 0.782 1.82 0.33 0.92 2071 4.36 770
10% 0.151 0.259 2.61 0.84 0.24 2659 4.75 1241
0.302 0.352 2.74 0.71 0.32 3156 5.39 1549
0.500 0.440 2.86 0.57 041 3447 5.70 1747
0.685 0.520 2.62 0.49 0.55 3337 5.76 1621
0.825 0.619 2.01 0.46 0.75 2822 5.52 1175
0.948 0.810 1.43 0.39 0.95 1752 4.04 546
20% 0.151 0.253 2.15 0.87 0.30 2409 4.70 1007
0.302 0.353 2.21 0.76 0.40 2860 5.40 1251
0.500 0.449 2.13 0.65 0.52 3012 5.72 1306
0.685 0.546 1.89 0.57 0.68 2869 5.73 1161
0.825 0.651 1.68 0.49 0.81 2550 5.38 946
0.948 0.826 1.41 0.38 0.96 1649 3.84 503

X5 : molar fraction of CTAB in the mixed micelle, f: activity coefficient, B: molecule interaction parameter in mixed micelle;
Subscripts 1 and 2 denote TX100 and CTAB, respectively.
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Fig.3 Plots of the excess free energy (G*) of mixture
system vs the bulk molar fraction of CTAB
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Table 3 Free energies and interaction parameters of TX100/CTAB mixture system obtained from Maeda
models in 5%, 10%, 20% EG aqueous solution at 298.15 K

Calculated using Eqs.(8-11)

Calculated using Eqs.(12-16)

PEG Q;

-B, -B, B, —AGh./(kJ *mol™) Xy - -B*

5% 0.151 12.10 1.77 3.06 30.61 0.26 0.63 3.28
0.302 2.04 3.33 30.74 0.26 0.62 3.22

0.500 2.13 3.42 30.73 0.22 0.62 3.60

0.685 1.74 3.03 30.58 0.24 0.60 3.29

0.825 1.16 245 30.24 0.35 0.49 2.15

0.948 0.53 1.82 28.67 0.70 0.23 1.10

10% 0.151 12.01 1.33 2.61 30.14 0.19 0.42 2.72
0.302 1.46 2.74 30.22 0.23 0.45 2.58

0.500 1.58 2.86 30.29 0.27 0.49 2.50

0.685 1.34 2.62 30.18 0.24 0.49 2.67

0.825 0.73 2.01 29.76 0.36 0.38 1.66

0.948 0.15 1.43 28.06 0.75 0.13 0.71

20% 0.151 11.74 1.04 2.15 29.38 0.19 0.34 2.22
0.302 1.10 2.21 29.40 0.19 0.33 2.17

0.500 1.02 2.13 29.39 0.21 0.34 2.02

0.685 0.79 1.89 29.17 0.36 0.30 1.29

0.825 0.57 1.68 28.70 0.52 0.25 0.98

0.948 0.30 1.41 27.55 0.78 0.15 0.85
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