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ABSTRACT. The critical micelle concentration (CMC) and the counter-ion binding constant (B) for the mixed micellizations
of TTAB (tetradecyltrimethylammonium bromide) with other surfactants (DTAB, CTAB, Tween-20, Tween-40, and Tween-
80) in aqueous solution of 4-chlorobenzoic acid (0.5 mM) at 25 °C were determined as a function of a, (the overall mole frac-
tion of TTAB) by using the spectrophotometric method and the conductivity method. Various thermodynamic parameters (X,
Y, Ci, a™, B, and AH,,;;) were calculated for each mixed surfactant system and compared with the other mixed surfactant sys-
tems by means of the equations derived from the nonideal mixed micellar model. The results show that TTAB/DTAB mixed
system has a great positive deviation from the ideal mixed micellar model and the other mixed systems have great negative
deviations from the ideal mixed model.
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Table 1. Values of critical micelle concentrations (CMC, £0.02 mM) and thermodynamic parameters for the micellization of TTAB/DTAB
mixed surfatant systems, measured by using a spectrophotometric method in an aqueous solution of 4-chlorobenzoic acid (0.5 mM) at 25 °C

o ((r:nNI{/IC) X s % roooat a (mCI\l/I) (mC1\24) (cill;ln”;gl) B (kcAalC/;rr:ml)
1 225 1 - 1 0 1 0 225 0 - 0.78 107
08 250 089  -010 098 092 08 010 220 050  -580  0.74 -103
06 325 077 -090 095 059 073 014 207 130  -744 0.0 -10.0
04 450 067 -068 092 073 061 024 185 270 122 068 96
02 650 051  -037 091 090 046 044 130 520 547 073 95
0 9.50 0 - 0 | 0 1 0 950 - 0.75 9.0
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Table 2. Values of critical micelle concentrations (CMC, +0.02 mM) and thermodynamic parameters for the micellization of TTAB/CTAB
mixed surfatant systems, measured by using a spectrophotometric method in an aqueous solution of 4-chlorobenzoic acid (0.5 mM) at 25 °C

o (Cle\[/IC) X B " poooat (m(i\h) (mcl\il) (cill/ilﬁgl) B (kcﬁ/;gqol)
T 225 T - T 0 T 0 225 0 - 0.78 107
08 145 049  -019 095 09 047 049 116 029 281 077 -11.0
06 090 031  -053 078 095 024 066 054 036  -67.1 074 114
04 075 021  -072 064 097 013 077 030 045 0.0 076 117
02 065 012  -094 048 099 006 087 013 053  -588  0.79 1120
0 058 0 - 0 1 0 1 0 058 - 0.80 122

Table 3. Values of critical micelle concentrations (CMC, +£0.02 mM) and thermodynamic parameters for the micellization of TTAB/Tween-
20 mixed surfactant systems, measured by using a spectrophotometric method in an aqueous solution of 4-chlorobenzoic acid (0.5 mM)
at 25 °C

o (Cnhﬁ) X s % poooa o a (mcl\]/l) (mcl\z/l) (c§151£21) B (kcA;/;Irlﬂml)
T 225 T - T 0 T 0 225 0 - 0.78 107
08 115 042 016 095 097 041 032 09 023 232 075 112
06 070 028  -078 067 094 019 049 042 028 931 071 114
04 050 021  -135 043 094 009 059 020 031 432 068 115
02 044 002 -145 033 098 004 076 009 035 =907 065 115
0 041 0 ; 0 1 0 1 0 04 - 0 7.0

Table 4. Values of critical micelle concentrations (CMC, £0.02 mM) and thermodynamic parameters for the micellization of TTAB/Tween-
40 mixed surfactant systems, measured by using a spectrophotometric method in an aqueous solution of 4-chlorobenzoic acid (0.5 mM)
at 25°C

o ((r:nl\l/\[/% X B i’ roooat o a (mCI\]/[) (mcl\il) (cill/{r’rnlgl) (ké%ol)
T 225 T - T 0 T 0 225 0 - 078 -107
08 105 040  -0.17 096 098 037 036 084 02 201 074 -2
06 060 027 088 059 093 016 050 036 024 A4 070 -5
04 045 009  -136 041 095 007 062 018 027 124 067 -116
02 038 011  -149 031 098 003 078 008 030 864 065  -116
0 035 0 - 0 1 0 1 0 035 . 0 7.1

Table 5. Values of critical micelle concentrations (CMC, +£0.02 mM) and thermodynamic parameters for the micellization of TTAB/Tween-
80 mixed surfactant systems, measured by using a spectrophotometric method in an aqueous solution of 4-chlorobenzoic acid (0.5 mM)
at 25°C

o &l\ff) X s / poooata (mcb;l) (m(lj\z/l) (cill;lnrzgl) B (kcAaﬁrn;lol)

1 225 1 - 1 0 1 0 225 0 - 0.78 107

08 095 039 -019 08 094 034 037 076 019  -268 073 114

06 050 026 -122 051 092 013 051 030 020  -139 069 1.8

04 038 018  -146 037 095 006 064 0I5 023  -127 067 1.8

02 032 010 -155 028 098 002 079 006 026  -826 065 1.9

0 029 0 - 0 1 0 1 0 029 - 0 72
ZA4% 215 7} Tableo) 7 Yeb W Qtt. Table 13} 20] F T ol AWM E EFH RS o ghAA}
o[t TTABS T2 cfol 24 AUBHASDIAB & 29 Zo|/} AR b2 o= 2ushn Fo| 12
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Fig. 1. Plot of CMC vs o for the mixed micellizations of TTAB
with the other surfactants (DTAB, CTAB, Tween-20, Tween-40,
and Tween-80) in an aqueous solution of 4-chlorobenzoic acid
(0.5 mM) at 25 °C: () TTAB/DTAB; (A ) TTAB/CTAB; (@)
TTAB/Tween-20; (O ) TTAB/Tween-40; (' ¥ ) TTAB/Tween-80.
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Fig. 2. Plots of AG,, vs o for the mixed micellizations of TTAB
with the other surfactants (DTAB, CTAB, Tween-20, Tween-40,
and Tween-80) in an aqueous solution of 4-chlorobenzoic acid
(0.5 mM) at 25 °C: () TTAB/DTAB; ( A ) TTAB/CTAB; (@)
TTAB/Tween-20; (O ) TTAB/Tween-40; ( ¥ ) TTAB/Tween-80.
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Fig. 3. Plot of X vs o for the mixed micellizations of TTAB
with the other surfactants (DTAB, CTAB, Tween-20, Tween-40,
and Tween-80) in an aqueous solution of 4-chlorobenzoic acid
(0.5 mM) at 25 °C: () TTAB/DTAB; ( A ) TTAB/CTAB; (@)
TTAB/Tween-20; (O ) TTAB/Tween-40; (' ¥ ) TTAB/Tween-80.
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Table 6. Mean values of £ and AH, calculated for the mixed
micellizations of TTAB with the other surfactants (DTAB, CTAB,
Tween-20, Tween-40, and Tween-80) in an aqueous solution of 4-
chlorobenzoic acid (0.5 mM) at 25 °C

Mixed systems p AH,ix (cal/mol)
TTAB/DTAB -0.51 -51.8
TTAB/CTAB -0.59 -56.2
TTAB/Tween-20 -0.93 -84.7
TTAB/Tween-40 -0.98 -86.4
TTAB/Tween-80 -1.10 -93.7
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Fig. 4. Plot of y vs oy for the mixed micellizations of TTAB
with the other surfactants (DTAB, CTAB, Tween-20, Tween-40,
and Tween-80) in an aqueous solution of 4-chlorobenzoic acid
(0.5 mM) at 25 °C: () TTAB/DTAB; ( A ) TTAB/CTAB; (@)
TTAB/Tween-20; (O ) TTAB/Tween-40; (' ¥ ) TTAB/Tween-80.
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Fig. 5. Plot of 5 vs & for the mixed micellizations of TTAB with
the other surfactants (DTAB, CTAB, Tween-20, Tween-40, and
Tween-80) in an aqueous solution of 4-chlorobenzoic acid (0.5
mM) at 25 °C: (ll) TTAB/DTAB; (A ) TTAB/CTAB; (@) TTAB/
Tween-20; ( O ) TTAB/Tween-40; ( ¥ ) TTAB/Tween-80.
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