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ABSTRACT. The solubilization of p-bromophenol by the micellar system of TTAB(tetradecyltrimethylammonium bromide)
and the micellization of TTAB were studied by the UV-vis spectrophotometric method simultaneously. And the effects of tem-
perature on these properties have been measured for the thermodynamic study. The results show that the AG,” and AH,° values are
negative and the AS,° values are positive for the solubilization of p-bromophenol within the measured range. On the other
hand, the AG,,° values are negative and the AH,,° and AS,,° values are positive for the micellization of TTAB. The effects of
additives such as n-butanol and NaCl have been studied also for both properties and the relationship between these two prop-
erties has been also studied. From the results, we can postulate the solubilization site of p-bromophenol in the micelle.
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Table 1. Variation of Solubilization Constant (Kj), Critical Micelle Concentration (CMC), and Thermodynamic Parameters for the Solu-
bilization of p-Bromophenol by TTAB Micellar System and for the Micellization of TTAB

Temperature (K)
Parameter
284 291 298 305 312
K, (M) 427 356 329 310 295
Solubilization AG’ (kcal/mol) —-5.68 -5.72 -5.81 -5.91 —6.02
AH{’ (kcal/mol) -3.76 -3.02 -2.19 -1.26 -0.25
ASy’ (cal/mol K) 6.76 9.28 122 15.2 18.5
CMC (mM) 2.84 2.89 3.04 3.24 3.48
B 0.79 0.77 0.76 0.74 0.72
Micellization AG,” (kcal/mol) -9.98 -10.1 -10.2 -10.3 -10.3
AH, (kcal/mol) 0.73 1.49 2.30 3.17 4.09
AS,’ (cal/mol K) 37.7 39.9 42.0 44.0 46.1
641 I 2mo] Z7to] ufet B g ] 4dkA| Fasts 2SR
—— InCMC

InK_ &In CMC
(4]
(2]

-6.0 — w " " " "
285 290 295 300 305 310
Temp(K)

Figure 1. Plots of InK; and InCMC against temperature for the
solubilization of p-bromophenol by TTAB micellar system and
for the micellization of TTAB in water: (® ) InKj; (A) InCMC.
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Table 2. Least Square Parameters of Equation (2) for the Solublization of p-Bromophenol by TTAB Micellar System and for the Micel-

lization of TTAB

Parameter a (x10% b T (K) K, or CMC* RMSD (%)
Solubilization 3.965 -0.25 44.7 317 296 M™) 1.29
Micellization 1.749 -0.968 7.52 277 2.84 (mM) 0.36
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Figure 2. Plots of thermodynamic parameters against temperature
for the solubilization of p-bromophenol by TTAB Micellar System
in water: (@) AGs’; (A) AH?; () —TASS.
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Figure 3. Plots of thermodynamic parameters against tempera-
ture for the micellization of TTAB in water: (@) AG’; (&) AHy;
(M) -TASy’.
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Figure 4. Plots of AH,’ against AS,’ (and AH,,° against AS,,°) for
the solubilization of p-bromophenol by TTAB micellar system
(and for the micellization of TTAB) in water: (®) AH’ against
ASS’; (A) AH,’ against ASy’.
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Table 3. Least Square Parameters of Equation (6), Isostructural
Temperature, and Root Mean Square Deviation (RMSD) for the
Solubilization of p-Bromophenol by TTAB Micellar System and
for the Micellization of TTAB

Parameter a b Isostructural RMSD
(K)  (kcal/mol) Temperature (K) (%)

Solublization 0.299  -5.798 299 1.83

Micellization  0.402 -14.5 402 5.32

219 7|dE2 sl 7|Fera A A LuT)
2L} A Aol YEtWA W, digu] H <l
Ezujof ofsto] 2A FaF-E WA Hrt Fig. 49 7} 17
Lo FHaAeHS A&t 71&7|¢ dHSE 5t
RMSD(%)3t 2} §7| Table 30| e At 71-8-3fo] ot
E12eT L 299KZA 2A3F L= 9} v]LEl Al 1]
ABLo] Ao 42 KEA 2% LR njo 2 7S )
EFUI i) o] AL 7lesldA R u|AdslEAle] dER
glof oJaff © ZA AufE L 95 WERAT

AH’=a AS’+b (©)

puEEaE0] GRSt TTABEALY
A Bt 2 AR W Hitk 5, pHEEsizo] njAle)
palisade %o 7}8-3HE] % TTABEAL9] head-157He] 4
714 uhirel e Folul, 1 A3k CMC ghe Zash
o} o]e} o] 1% Al JHg sk ANTAA L v
WSFAALS A2 GoEe A ek uheb mao)
27, 2 9 A WS skel ol
7111 NaClh o] &4 9] n-R ek 2] =S wshA7]
4] 298 KAlA K9} CMC gke] Wte 2olston, 1
AIE Table 40 YEFHITE LHbA S 2 NaCle] H71=

ujae] Eelo] gl ko] SHAS ut TTABE ALY head-
TFES Ul &(CHET 47 Ao ste] A
71@ wirele] ol el 2 23

X,

1 ol AL R LS 71809 K G
23518 Z7151A ") Table 40| 4] R50] NaCle] ==&
FVE45% astel HEake nE SRS 4GS

St} 7h-g-2ke} v gt tiste] AL AGSF AG” #h&

FaAlel Higt A+ 669
-2
—— AGs in NaCl soln
—0— 4G,,° in NaCl soln
—_ 4 | AG.° in n-BuOH soln
© —A— 4G,° in n-BuOH soln
£
® .
£ 6] .
° g - o
9
s 10
° ., T
o
~ 12 1
-14 T T
0.0 0.1 0.2 0.3

Conc. of Additive (M)

Figure 5. Plots of AG,’ (and AG°) against temperature for the
solublization of p-bromophenol by TTAB micellar system (and
for the micellization of TTAB); (®) AG,’in NaCl; (A) AG/’ in n-
BuOH; (O) AGy’ in NaCl; (&) AGy’ in n-BuOH.
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Table 4. Variation of K,, CMC, AG’, and AG,,’ Values with the Concentration of Additives (NaCl and n-Butanol) for the Solubilization
of p-Bromophenol by TTAB Micellar System and for the Micellization of TTAB at 298 K

Conc. NaCl n-BuOH
M KM AG? (kcal/mol) CMC mM) AG,’ (kcal/mol) K;M™") AGS (kcal/mol) CMC (mM) AG,’ (kcal/mol)
0 329 —5.81 3.04 -10.2 329 —5.81 3.04 -10.2
0.1 631 -6.20 0.56 -12.0 290 -5.74 2.53 -104
0.2 683 -6.24 0.32 -12.5 256 -5.66 2.13 -10.6
0.3 715 -6.27 0.24 -12.8 235 -5.61 1.81 -10.7

2013, Vol. 57, No. 6



670

5.4
® 4GS vs 4G,° in NaCl soln
-5.6 A 4G, vs 4G,’ in n-BuOH soln
3
E 58
®
]
=
°, -6.0
(V)
~
-6.2
-6.4 T T T T T
-13.0 -125 -120 -11.5 -11.0 -10.5 -10.0
° (kcal/mol)

Figure 6. Plots of AG° against AGy,” for the solubilization of p-
bromophenol by TTAB micellar system and for the micellization
of TTAB in aqueous solutions of additives (NaCl and n-butanol):
(®) AGS’ vs AGy’ in NaCl; (A) AGs° vs AGy” in n-BuOH.
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