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Abstract : The criticical micelle concentration (CMC) was measured by using the UV-Vis
method for the micellization of the ammonium type cationic surfactants (DTAB, TTAB, and CTAB)
in the aqueous aniline solution. The enthalpy change (AH®) and entropy change (AS°®) were
calculated from the dependence of Gibbs free energy change (AG®) on the temperature for
micellization of the cationic surfactants between 290K and 314K. The effects of n—butanol and
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sodium chloride on the micellization of cationic surfactants were measured and compared with the
other thermodynamic functions. All the free energy changes (AG®) of the micellization were
negative, all the enthalpy change (AH®) were negative, and all the entropy change (AS°®) were
positive values, respectively. The micelle formation of cationic surfactant in aniline solution is a
spontaneous exothermic reaction, and the isosstructural temperature calculated from the
thermodynamic values show that enthalpy and entropy contribution to the micellization are almost
the same for the micellization of cationic surfactants.
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Table 1. The values of the critical micelle concentration(CMC) and free energy change (AG®) for
the  micellization of cationic surfactants in aqueous solution of aniline containing
n-butanol and NaCl at 302K

Sufactant DTAB TTAB CTAB
Sol CMC AG° CMC AG° CMC AG°
olvent @mM)  &J/mol) | M)  J/moD | mM)  (J/mol)
Water 16200 -34.76 3.800 ~41.67 | 1.000  —48.30
005 M | 14370  -3527 3.380 “42.18 | 0.804 4926
0.10 M 13.300 -35.60 2.955 -42.77 0.670 -49.75
n-BuOH 0.20 M 11.180 -36.24 2.360 -43.74 0.580 -50.71
0.30 M 8.750 -37.39 2.141 -44.17 - -
040M | 7980  -37.78 1.925 -44.63 - -
0.05 M | 9.670 ~36.96 1.330 “4624 | 0197 -5548
0.10 M 8.000 -37.77 0.710 -48.96 0.129 -57.35
NacCl 0.20 M 5.587 -39.30 0.543 -50.13 0.106 -58.22
0.30 M 4.470 -40.26 0.453 -50.92 0.086 -59.15
040 M | 3750 4106 | 0355 -51.98 - -

Table 2. Parameters of the equation (2) for the micellization of cationic surfactants (DTAB,
TTAB, and CTAB) in aqueous solution of aniline at 302K

Parameters a’ b’ RMSD
Water -3.38 5.81 0.01

0.05 M n—BuOH -3.50 6.73 0.00
0.10 M n—-BuOH -3.54 6.82 0.00
0.20 M n—BuOH -3.59 6.70 0.03
0.05 M NacCl -4.63 18.59 0.00
0.10 M NacCl -4.90 20.50 0.68
0.20 M NaCl -4.73 17.00 0.69
0.30 M NaCl -4.72 16.01 0.56

Absorbance

0 é 1‘0 1‘5 2‘0 2‘5 30
Conc. of surfactant(x 10°°M)

Fig. 1. Plots of the absorbance values versus the concentration of surfactants

in the 0.2mM aqueous solution of aniline at 302K.
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Table 3. Least square parmeters and root mean square deviation (RMSD) of equation (3) and
equation (4) relating the AG® values with the concentration of n—butanol and NaCl on
the micellization of cationic surfactants (DTAB, TTAB, and CTAB) in aqueous solution

of aniline at 302K

Solutes Eq.( 3) Eq.( 4)
A B C RMSD A’ B’ C’ D’ RMSD
DTAB 598 -10.63 -34.72 0.05 -147.2 1179 -40.45 -37.76 0.00
TTAB 14.68 -12.96 -41.65 0.10 -956.7 5929 -122.6 -41.67 0.00
CTAB 34.18 —-18.75 -48.31 0.07 -1373 821.4 -1599 -48.30 0.00
.30 njdol m Ko 7hgst Fo] n-Rekgo ®
It Addez Hojxdog Qg oz ot
1 "ot I8 SHERS] vt Sl ot
-40 | \ 0.1IMYW) 7121 AGe9] 7|_717F 343 dAa
- sttt o]%9] FroAs AAS] FATS Ho
‘_E’ ZF3 Ut} ol 0.1M7IAE Hitjo]2Eo0] n|Al
2 -50) 9| va-155d 23 AL A AL
S HojF3 gek,
1)
2
60 | y InXeme = aT? + bT +c¢ )
—&— DTAB
o cme AH® = ~TX(AGY/T)/dTp = RTA2aT+b) (6)
-70 , : : : :
000 005 010 015 020 025 0.30 AS® = (AH*-AG")/T = R(B3aT*+2bT+c) (7)
Conc. of NaCl e} Fsbel o] oz | Ftod
. N . 27t Skt wAdle] 8 o] FUFS
R o th2,20]. ofd& SgHoM o] oFolLA AHE
micellization of cationic surfactants

(DTAB, TTAB, and CTAB) at 302K.
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Table 4. The values of critical micelle concentration (CMC/mM) and thermodynamic functions
(AG®, AH® and AS’) for the micellization of cationic surfactant (CTAB, TTAB, and

DTAB) in aqueous solutions of aniline

Surfactant Thermodynamic Temperature (K)
functions 290 296 302 308 314

CMC(mM) 15.850 16.000 16.200 16.450 16.750

DTAB AG®(kJ/mole) -33.47 -34.12 -34.76 -35.38 -35.99
AH(k]/mole) -0.417 -1.025 -1.682 -2.389 -3.148
AS°(J/mole-K) 113.9 111.8 109.5 107.1 104.5

CMC(mM) 3.648 3.714 3.800 3.920 4.072

TTAB AG®(kJ/mole) -40.19 -40.94 -41.67 -42.36 -43.02
AH(k]/mole) -2.755 -4.314 -5.995 =7.799 -9.732
AS°(J/mole-K) 129.0 123.7 118.1 112.2 106.0

CMC(mM) 0.950 0.970 1.000 1.040 1.090

CTAB AG®(kJ/mole) -46.60 -47.47 —-48.30 -49.08 -49.82
AH(k]/mole) -3.498 -5.505 -7.668 -9.990 -12.475
AS°(J/mole-K) 148.5 141.7 134.5 126.9 118.9

Table 5. Least square parameters and root square deviations (RMSD) of equation (5) relating
InXcme values with the temperature for the micellization of cationic surfactant in

0.2mM solutions of aniline

Fig. 5. Plots of AG® values against temperature

for the micellization of cationic
surfactants (DTAB, TTAB, and CTAB)
in pure water.

Fig.
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Surfactants Eq.05) £q.(8)
a (/107) | b (/107 c RMSD p q RMSD
DTAB 3.97 -2.17 -5.21 0.000 0.3026 —-48.40 0.013
TTAB 9.54 -5.31 -2.26 0.009 0.3028 -41.78 0.014
CTAB 12.8 -6.73 -1.63 0.003 0.3028 -37.77 0.111
-30 0
2 \‘\\‘\
38 7'\’\’\*\«| {
-4
2 2
% o -8
O -45 - =
< <
\ 01 [T o
v —O— TTAB
S0 e omae a2 [T
—O— TTAB y
—w— CTAB
-55 T T T T -14 T T T T
290 295 300 305 310 290 295 300 305 310
Temperature(K) Temperature(K)

6. Plots of AH° values against temperature

for the micellization of cationic
surfactants (DTAB, TTAB, and CTAB)
in pure water.
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Fig 7. Plots of AS° values against temperature
for the micellization of cationic
surfactants (DTAB, TTAB, and CTAB)
in pure water.
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Fig. 8. Plots of the AH® values against the
AS® values for the micellization of
cationic surfactants (DTAB, TTAB, and
CTAB) in pure water.
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