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Abstract : The interactions of 4-chlorobenzoic acid with the micellar system of various cationic,
nonionic, and mixed surfactant systems were studied by the UV/Vis spectrophotometric method. The
solubilization constants (K of 4—chlorobenzoic acid into those micellar systems have been measured
at various temperatures and various thermodynamic parameters for the solubilization of
4-chlorobenzoic acid have been calculated and analyzed from those changes. The results show that
the values of AGY are all negative within the measured temperature range and that the values of
AFP and A8 are all positive. The effects of alkyl-group's length of surfactant molecules on the
solubilization of 4-chlorobenzoic acid have been also measured. The values of K, were dependent
simultaneously on the alkyl-group's length and the kind of head—group in surfactant molecules. From
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these changes we can postulate the solubilization site and the degree of interaction of 4—chlorobenzoic

acid with the micellar systems.

Keywords : Mixed Surfactant Systems, Solubilization Constant, 4—Chlorobenzoic Acid,
Critical Micelle Concentration, Isostructural Temperature
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Table 1. Variation of the Solubilization Constants (X, +20, M) with Temperature for the
Solubilization of 4-chlorobenzoic acid (0.5 mM) by the Aqueous Solutions of Pure
Cationic, Nonionic, and Mixed Surfactant Systems

Temperature(K)
Systems Surfactant
284 291 298 305 312
o Tween—20 189 210 254 330 450
Nonionic
Tween—40 280 318 380 500 670
system
Tween—80 340 395 490 635 855
o DTAB 490 540 640 800 1065
Cationic
TTAB 875 980 1170 1480 1997
system
CTAB 2566 2789 3200 4000 5091
Mixed TTAB/Tween-20 235 258 318 402 539
system TTAB/Tween-40 314 352 428 543 730
(a;=0.5) | TTAB/Tween-80 420 478 575 740 982
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Fig. 1. Plots of InK; against temperature for the
solubilization of 4-chlorobenzoic acid (0.5
mM) by aqueous solutions of pure cationic,
nonionic, and mixed surfactant systems:
(@) Tween—20; (O) Tween—80; (V)
DTAB; (A) CTAB; (B) TTAB/Tween—20;
() TTAB/Tween—80.
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Table 2. Least Square Parameters of Equation (4), Minimum Temperature (7°), Minimum Solubilization
Constants (K;), and Root mean Square Deviation (RMSD) for the Solubilization of 4—chlorobenzoi
¢ acid (0.5 mM) by the Aqueous Solutions of Pure Cationic, Nonionic, and Mixed Surfactant

Systems
Parameter
Systems Surfactant . .
Ax10°KD) bK) ¢ TR Kouhy  RMSD
(%)
Tween—20 7.01 -039 585 2782 1795 0.52
Nonionic Tween—40 6.23 -0.34 519 2729 2643 0.82
system
Tween—80 4.94 ~0.26 402 2630 3285 0.40
DTAB 6.28 ~0.35 580 2787 4585 0.21
Cationic TTAB 5.98 -0.33 555 2759 8206 0.13
system
CTAB 5.85 -032 527 2739 2326 0.73
Mixed | TTAB/Tween—20 6.20 -034 518 2742 2195 1.04
system | TTAB/Tween—40 5.92 -0.32 496 2703 3058 0.44
(0120.5) | 1T AB/Twveen-80 5.46 ~0.29 456 2655 4032 0.43
Table 3. Variation of the Thermodynamic Parameters (AG°) with Temperature for the

Solubilization of 4-chlorobenzoic acid (0.5 mM) by the Aqueous Solutions of Pure
Cationic, Nonionic, and mixed Surfactant Systems. The Units of AG% Values are

Respectively kJ/mol

Temperature(K)
Systems Surfactant
284 291 298 305 312

Tween—-20 -218 -226 -23.7 -24.9 -263

Nonionic Tween—40 -22.8 -23.6 -24.7 -26.0 -27.3
system

Tween—80 -232 ) -253 -26.5 -279

DTAB -24.1 -25.0 -26.0 -272 -28.5

Cationic TTAB 255 264 279 287 301
system

CTAB -28.0 -289 -30.0 -312 -32.6

. TTAB/Tween-20 | -22.4 -23.1 -242 -25.4 -26.7
Mixed

system TTAB/Tween—40 -23.1 -23.9 -25.0 -26.2 -27.5

(@120.5) | 1 Ap/Tween-80 | -23.8 -24.7 -257 -27.0 -283
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Table 4. Variation of the Thermodynamic Parameters (AH’g) with Temperature for the Solubilization
of 4—chlorobenzoic acid (0.5 mM) by the Aqueous Solutions of Pure Cationic, Nonionic, and
mixed Surfactant Systems. The units of AH’s Values are Respectively kJ/mol

Temperature(K)
Systems Surfactant
284 291 298 305 312
Tween—20 5.48 12.6 20.5 290.1 38.4
Nonionic Tween—40 9.29 15.9 23.1 31.0 39.5
system
Tween—80 13.8 19.4 25.4 32.0 39.7
DTAB 4.48 10.9 17.9 25.6 339
Cationic TTAB 6.49 127 19.5 26.9 34.9
system
CTAB 8.25 14.4 21.2 28.5 36.5
. TTAB/Tween—-20 8.16 14.7 21.8 29.5 38.0
Mixed
system TTAB/Tween—40 10.9 17.3 24.2 31.8 40.0
(@,=0.5) TTAB/Tween—80 13.5 19.5 26.2 33.3 41.1

Table 5. Variation of the Thermodynamic Parameters (A9 with the Temperature for the Solubilization
of 4-chlorobenzoic acid (0.5 mM) by the Aqueous Solutions of Pure Cationic, Nonionic, and
mixed Surfactant Systems. The units of A Values are Respectively J/mol K

Temperature(K)
Systems Surfactant
284 291 2908 305 312
Tween—20 9.3 121.4 148.2 177.1 207.2
Nonionic Tween—40 113.0 136.1 159.9 186.3 213.9
system
Tween—80 130.6 149.9 170.8 191.7 214.9
DTAB 100.5 123.1 147.4 172.9 200.1
Cationic TTAB 112.6 134.4 158.7 182.5 208.5
system
CTAB 127.7 149.0 171.6 195.9 221.1
ixed | TTAB/Tween-20 | 107.6 130.2 154.5 180.0 207.7
system | TTAB/Tween—40 |  119.7 1415 165.4 190.1 216.4
(@120.5) | p g/ Tween-80 | 1315 152.0 174.2 197.6 2223
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Fig. 2. Plots of AG" against temperature for the
solubilization of 4-chlorobenzoic acid (0.5
mM) by aqueous solutions of pure
cationic, nonionic, and mixed surfactant
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Table 6. Least Square Parameters of Equation (8) and Root mean Square Deviation (RMSD) for the
Solubilization of 4—chlorobenzoic acid (0.5 mM) by the Aqueous Solutions of Pure Cationic,

Nonionic, and mixed Surfactant Systems

Parameter
Systems Surfactant
a®) b(kJ/mol) RMSD (%)
Tween-20 296.5 -23.3 3.99
Nonionic system Tween—40 299.4 —-24.7 2.83
Tween—80 300.3 -25.6 4.04
DTAB 295.3 -25.4 3.90
Cationic system TTAB 296.8 -27.1 4.05
CTAB 302.1 -30.5 3.97
. TTAB/Tween—20 298.1 -24.1 2.97
Mixed system

(@,=0.5) TTAB/Tween—40 300.7 -25.2 3.82
TTAB/Tween-80 303.1 -26.5 3.05
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Fig. 5. Plots of AGY against carbon numbers of
the alkyl—group for the solubilization of 4—c
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Fig. 7. Plots of A& against carbon numbers of
the alkyl—group for the solubilization of 4—c
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ant system at 298 K: (@) nonionic surfactan
t system; (O) cationic surfactant system;
(W) mixed surfactant system.
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