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ZHOf: TTAB, o555 A, QA 0] A5 &, 7Hg-8h 4k, ] A8t

ABSTRACT. The micellization of TTAB(tetradecyltrimethylammonium bromide) and the solubilization of 4-halogenated
phenol isomers in aqueous solution of that surfactant in water have been studied by the UV-Vis spectrophotometric method.
Those properties in aqueous solutions of NaCl and n-butanol have been also measured to determine the interactions between
the micelle and 4-halogenated phenols and the solubilized sites of those molecules in the micelle. The results show that the
values of AG, and AG? are all negative and the trends of those values depend on both the kinds and the concentrations of
additives. Namely, by adding NaCl both AG), and AG; values are all decreasing, but by adding n-butanol the AG!, value
decreases and the AG? value increases.
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Table 1. Variation of CMC (£0.02, mM) and AG., (kcal/mol) Values with the Concentration of NaCl and n-Butanol for the Micellization
of TTAB in Aqueous Solutions of 4-Halogenated Phenols (0.5mM) at 298 K

Additive None NaCl n-Butanol
Concentration (M) 0 0.1 0.2 0.3 0.1 0.2 0.3
CMC 3.68 0.75 0.42 0.32 3.08 2.48 2.05
Phenol 0
AG,, -10.0 -11.7 -123 -12.6 -10.2 -104 -10.6
AF-Phenol CMC 3.61 0.84 0.49 0.38 3.02 2.48 2.10
o AG, -10.0 -11.5 -12.1 -12.4 -10.2 -10.4 -10.6
CMC 2.95 0.58 0.30 0.19 245 1.95 1.55
4-Cl-Phenol o
Cl-Pheno AG, ~10.2 -119 ~12.6 -13.1 ~10.4 -10.7 ~10.9
CMC 3.04 0.56 0.32 0.24 2.53 2.13 1.81
4-Br-Phenol® 0
AG,, -10.2 -12.0 -12.5 -12.8 -10.4 -10.6 -10.7
CMC 2.81 0.51 0.26 0.17 2.35 2.00 1.73
4-1-Phenol o
AG,, -10.3 -12.1 —-12.8 -132 -10.5 -10.6 -10.8

*The data for 4-Br-phenol are the literature values given in reference 15.
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Figure 1. Plots of InCMC against the concentration of NaCl as
an additive for the micellization of TTAB in aqueous solutions
of 4-halogenated phenols (0.5 mM) at 298 K: (@) phenol; (A)
4-F-phenol; (Ill) 4-Cl-phenol; (@) 4-Br-phenol; (x) 4-I-phenol.
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Figure 2. Plots of InCMC against the concentration of n-butanol
as an additive for the micellization of TTAB in aqueous solu-
tions of 4-halogenated phenols (0.5 mM) at 298 K: (@) phenol,
(A) 4-F-phenol; (M) 4-Cl-phenol; (@) 4-Br-phenol; (x) 4-I-phe-
nol.
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Table 2. Variation of K, (10, M) and AG? (kcal/mol) Values with the Concentration of NaCl and n-Butanol for the Solubilization
of 4-Halogenated Phenols in TTAB Solutions at 298 K

Additive None® NaCl n-Butanol
Conc. (M) 0 0.1 0.2 0.3 0.1 0.2 0.3
Phenol K; 59 70 78 79 51 44 36
AGY —4.79 —4.89 -4.96 -4.97 —4.71 —4.62 —4.50
K 74 111 125 137 65 56 50
4-F-Phenol Y
AG, -4.93 -5.17 -5.24 -5.27 —4.85 —4.76 —4.69
K 232 356 412 469 202 174 146
4-Cl-Phenol o
AG, -5.60 -5.86 -5.94 -6.02 -5.52 -5.43 -533
A-Br-Phenol® K ) 329 631 683 715 290 256 235
AG, -5.81 -6.20 -6.24 -6.27 -5.74 -5.66 -5.61
K; 713 1223 1292 1357 618 541 480
4-1-Phenol 0
AG, -6.27 —-6.59 -6.62 —6.65 -6.18 —-6.10 -6.03

*The data for 4-Br-phenol are the literature values given in reference 15.
®The data for 4-halogenated phenols in water are the literature values given in reference 6.
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Figure 3. Plots of InK, against the concentration of NaCl as an Figure 4. Plots of InK; against the concentration of n-butanol as
additive for the solubilization of 4-halogenated phenols in an addltlve'for the solubilization of 4-halogenated phenols in
TTAB solutions at 298K: (@) phenol; (A) 4-F-phenol; (M) 4- TTAB solutions at 298K: (@) phenol; (A ) 4-F-phenol; (M) 4-
Cl-phenol; (@) 4-Br-phenol; (x) 4-I-phenol. Cl-phenol; (@) 4-Br-phenol; (x) 4-I-phenol.
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Table 3. Least Square Parameters of Equation (2), Root Mean Square Deviation (RMSD), and dAG,’/dCaci and dAGy’ /dCnac; Values for

TTAB =8l A 4-Z=23} o=

GrAe] hgso] uA=

NaCl¥} n-5ekg-0] a3}

the Plots of Fig. 1 and 3, Relating InCMC(or InKy) Values Against the Concentration of NaCl as an Additive

Compound Phenol 4-F-Ph 4-Cl-Ph 4-Br-Ph 4-1-Ph
Parameter

a 322 30.1 293 351 32.0

b -17.7 -163 -17.7 ~18.7 ~18.7

InCMC c -5.64 -5.65 -5.86 -5.84 -591

RMSD 734 6.34 7.62 8.62 7.83

AAG,? 1dCyacy ~184 -17.0 -184 -19.5 -194

a -3.63 ~7.85 —7.45 ~142 -8.15

b 2.06 432 449 6.89 4.80

InK, c 4.08 432 5.46 5.82 6.58

RMSD 0.03 2.62 2.66 5.20 222

AAGE 1dChacy -1.22 -2.56 -2.66 -4.08 -2.84
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Table 4. Least Square Parameters of Equation (3), Root Mean Square Deviation (RMSD), and dAG,’/dCp.on and dAGy’ /dCyaci Values for
the Plots of Fig. 2 and 4, Relating InCMC(or InKj) Values Against the Concentration of n-Butanol as an Additive

Parameter Compound Phenol 4-F-Ph 4-Cl-Ph 4-Br-Ph 4-1-Ph
a ~1.97 “1.82 216 173 “1.62

b’ ~5.60 -5.62 ~5.81 ~5.80 ~5.88

InCMC RMSD 0.69 0.55 1.06 0.49 0.74
dAG,2IdCruon 2,05 ~1.90 225 ~1.80 ~1.68

a ~1.63 ~1.33 ~1.58 “1.13 ~0.98

K. b’ 4.09 430 5.46 5.79 6.47
RMSD 131 0.78 1.16 1.00 127

dAG?/dCruon -0.97 -0.79 ~0.94 -0.67 -0.58
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Figure 5. Plots of AG; values for the solubilization of 4-halogenated
phenols by TTAB system against AG,, values for the micellization
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nol; () 4-Cl-phenol; (4) 4-Br-phenol; (x) 4-I-phenol.
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Table 5. Least Square Parameters of Equation (4) and Root Mean Square Deviation (RMSD) for the plots of Fig. 5 and 6,
Relating AG; Values Against AG,, Values in Aqueous Solutions of NaCl and n-Butanol as Additives

Additive NaCl n-BuOH

a" b" RMSD a” b" RMSD
Phenol 0.071 —4.078 0.90 —0.480 -9.599 0.92
4-F-Phenol 0.144 —3.498 0.99 —0.405 -8.979 0.37
4-Cl-Phenol 0.143 —4.138 0.68 -0.372 -9.399 0.87
4-Br-Phenol 0.137 —4.551 0.32 -0.292 —8.744 0.36
4-1-Phenol 0.136 —4.897 0.72 -0.262 —-8.839 0.46
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