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The surface tension measurements revealed that an appropriate coincidence in the difference

in the hydrocarbon chain lengths between two surfactants with the hydrated hydrophilic group

diameter caused the synergetic adsorption and micelle formation in the aqueous solutions of the

mixture of hexadecyltrimethylamonium bromide (HTAB) - dodecyltrimethylammonium bromide

(DTAB). This is explained by the theory of the staggered structure formation driven by the strong

dispersion interaction between the alkyl chains of different surfactants. Furthermore, it was found

that the synergism was considerably strengthened in the mixed system without common ions;

hexadecyltrimethylammonium chloride (HTAC) - dodecyltrimethyammonium bromide (DTAB)

system by the preferential adsorption of bromide ions over chloride ions onto the adsorbed film

and micelle. A useful analytical procedure was developed to evaluate the composition of individual
ions in the adsorbed film and micelle and applied to the HTAC-DTAB system.
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Table 1 Excess Gibbs energy of adsorption and micelle formation of binary surfactant mixtures.

g"E/ kJ mol ! gME/ kJ mol ! Ref.

HTAB - DTAB -0.4 —0.1 1,2
HTAC - DTAB —2.6 -2.0 2,4
Dodecylammonium chloride (DAC) - 04 0.8 39
Tetraethyleneglycol monoocytylether (C8E4) ’
Sodium dodecylsulfate (SDS) - C8E4 —1.3 —1.7 5
Decylammonium Bromide (DeAB) - DAC —-0.7 —-0.6 6
Decylammonium Chloride (DeAC) - DAC +0.1 +0.1 6
DeAC-DeAB —0.1 0.0 6
SDS - Tetramethylammonium dodecylsulfate —0.1 —0.1 7
DTAB - C8E4 -0.3 -0.4 8
n-butanol - DAC +0.1 10
tert-butanol - DAC +0.4 10
n-butanol - DTAC —-0.4 10
tert-butanol - DTAC —-0.2 10

DTAB - Octyl methyl sulfoxide (OMS) -0.3 —-0.4 11,12
DAC-OMS -0.2 -0.8 11
DTAC-OMS -0.5 -0.8 12
Tetradecyltrimethylammonium bromide - DTAB +0.2 +0.2 2
HTAC - DTAC -0.2 +0.4 2
Tetradecyltrimethylammonium chloride - DTAC +0.1 +0.2 2

(b)

T

L

Fig.1 Schematic illustration of (a) staggered structure
model and (b) commonly employed model of

adsorbed film.
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Fig.2 Surface tension vs. molality curves; X> = (1) 0, Fig.3 (a) Phase diagram of adsorption at y = (1) 60,
(2) 0.250, (3) 0.500, (4) 0.700, (5) 0.800, (6) (2) 55, and (3) 45mN m ~'. Reproduced from the
0.901, (7) 0.950, (8) 0.980, (9) 0.990, and (10) data in Langmuir, 2006, 22, 2511 with permission.
1. Reproduced from the data in Langmuir, 2006, (b) Excess Gibbs energy of adsorption vs.
22, 2511 with permission. composition curves at ¥y = (1) 60, (2) 55, (3) 50

and (4) 45 mN m~!. Reproduced from the data
o , N in Langmuir, 2006, 22, 2511 with permission.
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Fig.4 (a) Phase diagram of micelle formation.
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Reproduced from the data in Langmuir, 2006,
22, 2511 with permission. (b) Excess Gibbs
energy of micelle formation vs. composition
curve. Reproduced from the data in Langmuir,
2006, 22, 2511 with permission.
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Table 2 Compositions of individual ions calculated for mixed adsorbed film at y =45 mN m .

X Xiira X4 Xbra X Xfira: + X5, & g
0.1 0.498 0.402 0.002 0.098 0.600 —0.00 —0.74
0.2 0.498 0.302 0.002 0.198 0.699 —0.01 —1.31
0.3 0.498 0.202 0.002 0.298 0.799 —0.01 —1.90
0.4 0.496 0.104 0.004 0.396 0.896 —0.03 —2.34
0.5 0.478 0.022 0.022 0.478 0.958 —0.25 —2.27
0.6 0.396 0.004 0.104 0.496 0.889 —0.43 —1.86
0.7 0.298 0.002 0.202 0.498 0.795 -0.33 —1.44
0.8 0.199 0.001 0.301 0.499 0.697 —0.25 —0.91
0.9 0.100 0.000 0.400 0.500 0.599 —0.12 —0.51
Table 3 Compositions of individual ions calculated for mixed micelle.

Xy Xiira® Xe- XD X8 X txh @ &
0.1 0.500 0.400 0.000 0.100 0.600 —0.00 —0.66
0.2 0.499 0.301 0.001 0.199 0.699 —0.00 -1.19
0.3 0.498 0.202 0.002 0.298 0.797 —0.00 —1.60
0.4 0.494 0.106 0.006 0.394 0.888 —0.00 —1.82
0.5 0.468 0.032 0.032 0.468 0.936 —0.02 —-1.77
0.6 0.388 0.012 0.012 0.488 0.876 —0.05 —1.44
0.7 0.292 0.008 0.208 0.492 0.785 -0.02 —1.01
0.8 0.193 0.007 0.307 0.493 0.687 —0.00 —0.56
0.9 0.005 0.005 0.405 0.495 0.500 —0.01 -0.21
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