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ABSTRACT: The interaction of 4-alkylbenzoic acid isomers with the micellar system of TTAB (tetradecyltrimethylam-
monium bromide) was studied by the UV/Vis spectrophotometric method. The solubilization constants (K) of 4-alkylbenzoic
acid isomers into the TTAB micellar system and the critical micelle concentration (CMC) of TTAB have been measured with
the change of temperature. Various thermodynamic parameters have been calculated and analyzed from those measurements.
The results show that the values of AG* for the solubilization of all the isomers are negative and the values of AH"% and AS%
are all positive within the measured temperature range. The effects of additives (n-butanol and NaCl) on the solubilization of 4-alky-
Ibenzoic acid isomers have been also measured. There was a great change on the values of Ky and CMC simultaneously with
these additives. From these changes we can postulate that the solubilization sites of 4-alkylbenzoic acids are the core or deep
palisade region of the TTAB micelle.
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Table 1. Variation of the solubilization constants (K, +10) and the critical micelle concentrations (CMC, £0.02) with the temperature for
the solubilization of 4-alkylbenzoic acid isomers by the TTAB solution

Temp BA 4-methylBA 4-ethylBA 4-propylBA 4-butylBA

X) KsM CMC(mM) KM CMC(mM) KsM') CMCmM) KsM') CMC@mM) KsM') CMC(mM)
284 410 3.15 525 2.10 1435 1.65 1677 0.30 1920 0.15
291 455 3.45 582 2.35 1528 1.85 1744 0.40 2000 0.20
298 575 3.90 716 2.65 1680 2.05 1922 0.48 2180 0.28
305 760 4.45 918 3.15 1917 2.45 2153 0.65 2450 0.40
312 980 5.20 1173 3.75 2197 2.90 2508 0.90 2745 0.65
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Fig. 1. Plots of InK; versus temperature for the solubilization of
4-alkylbenzoic acid isomers by the TTAB solution: ( @ ) benzoic
acid; (A) 4-methylbenzoic acid; () 4-ethylbenzoic acid; (O) 4-
propylbenzoic acid; (A ) 4-butylbenzoic acid.
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Fig. 2. Plots of InK; versus InCMC for the solubilization of 4-
alkylbenzoic acid isomers by the TTAB solution: (@) benzoic
acid; (A) 4-methylbenzoic acid; (ll) 4-ethylbenzoic acid; (O) 4-
propylbenzoic acid; (A) 4-butylbenzoic acid.
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Table 2. Least square parameters of equation (4), minimum temperature (7"), minimum solubilization constant (K,"), and root mean
square deviation (RMSD) for the solubilization of 4-alkylbenzoic acid isomers by the TTAB solution

a(x10°K?) b (K™ c T (K) Ko (M) RMSD (%)
BA 5.03 027 421 2684 344 2.10
4-methylBA 474 -0.26 418 2743 487 1.52
4-ethyIBA 2.69 -0.15 282 278.8 1362 045
4-propylBA 248 -0.14 27.1 2823 1578 0.44
4-butylBA 2.29 -0.13 26.0 283.8 1873 0.69
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Table 3. Variation of the thermodynamic parameters (AG’%, AH’, and AS%) with the temperature for the solubilization of 4-alkylbenzoic
acid isomers by the TTAB solution. The units of AG%, AH’, and AS’ values are respectively kcal/mol, kcal/mol, and cal/(mol K)
Temp BA 4-methylBA 4-ethylBA 4-propylBA 4-butylBA

K)  AGS  AH ASS AGS AR, ASS AGS A ASS AGS AR AN AGE A AS%
284 566 284 299 580 260 296 -637 125 268 -646 110 266 -6.51 066 252
291 586 416 344 -6.00 38 338 -656 194 292 -6.64 174 288 -6.70 161 286
298 -6.14 561 394 -627 501 379 -678 264 316 -686 244 312 -691 223 307
305 -645 685 436 -657 668 434 -701 353 346 -709 319 337 -7.14 3.08 335
312 -6.76 809 476 -687 782 471 726 442 374 -734 401 364 -738 382 359
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Table 4. Least square parameters of equation (8), isostructural temperature, and root mean square deviation (RMSD) for the
solubilization of 4-alkylbenzoic acid isomers by the TTAB solution

Solute a(K) b (kcal/mol) Isostrucutral Temperature (°C) RMSD (%)
BA 294.7 -6.07 21.7 1.90
4-methylBA 297.6 -6.22 24.6 2.59
4-ethylBA 298.3 -6.77 253 2.19
4-propylBA 296.8 -6.81 23.8 1.02
4-butylBA 295.9 -6.83 22.6 1.88

Table 5. Variation of the solubilization constant (Ks, £10) and the critical micellar concentration (CMC, +0.02) with the concentration of
additives (NaCl and n-butanol) for the solubilization of 4-alkylbenzoic acid isomers by the TTAB solution at 298 K

3 Conc BA 4-methylBA 4-ethylBA 4-propylBA 4-butylBA
Additive (M) ) Ks CMC Ks CMC K s' CMC Ky CMC Ks CMC
M) (mM) M) (mM) () (mM) M) mMv) M) (mM)
water 0 575 3.90 716 2.65 1680 2.05 1922 0.48 2180 0.28
0.1 408 1.80 561 1.40 1093 0.95 1225 0.35 1435 0.22
NaCl 0.2 232 1.10 332 0.80 692 0.45 791 0.25 955 0.18
0.3 102 0.80 161 0.60 384 0.25 455 0.15 575 0.10
0.1 538 2.65 1220 225 2552 1.60 3652 0.45 3960 0.25
n-BuOH 0.2 473 2.10 1165 1.70 2487 1.20 3492 0.40 3775 0.20
0.3 448 1.80 1035 1.50 2377 1.05 3285 0.30 3580 0.15
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