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Abstract : The critical micelle concentration (CMC) and counter—ion binding constant (B) of
the pure cationic surfactants (DTAB, TTAB, CTAB), nonionic surfactants (Tween—20, Tween—40,
Tween—80), and their mixed surfactants (TTABR/Tween—-20, TTAB/Tween—-40, TTAB/Tween—80)
in aqueous solutions of 4-chlorobenzoic acid were determined by using the UV/Vis absorbance
method and the conductivity method from 284 K to 312 K. Thermodynamic parameters (AG’p,
AH’,, and AS°y), associated with the micelle formation of those surfactant systems, have been
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estimated from the dependence of CMC and B values on the temperature and carbon length of
surfactant molecules. The calculated values of AG’y are all negative within the measured range but

the values of AH’w and AS°, are positive or negative, depending on the length of the carbon

chain and surfactant.

Keywords - Solubilization, Micellization, Mixed Surfactant Systems, 4—chlorobenzoic acid, Critical

Micelle Concentration.
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Fig. 1. plots of InCMC versus temperature for
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Table 1. Variation of the Critical Micelle Concentrations (CMC, mM =+0.02) with the
Temperature for the Micellization of Pure and Mixed Surfactant Systems in
4-chlorobenzoic acid Aqueous Solutions

Nonionic systems Cationic systems Mixed systems
Temp(K) ] ] ] TTAB/ TTAB/ TTAB/
b TW;S“ TW:S“ ngg“ DTAB TTAB CTAB | Tween- Tween- Tween-
20 40 80
284 0.066  0.054  0.048 7.20 1.85 0.45 0.58 0.48 0.40
291 0.051 0.039 0.033 8.10 2.05 0.48 0.61 0.52 0.43
298 0.041 0.031 0.025 9.80 2.35 0.52 0.68 0.59 0.48
305 0.035  0.027  0.021 11.8 2.70 0.65 0.80 0.69 0.58
312 0.033  0.025 0.019 15.3 3.41 0.73 1.04 0.88 0.69

Table 2. Least Square Parameters of Equation(3), Minimum Temperature(7”), Minimum Critical
Micellar Concentrations (CMC"), and Root mean Square Deviation (RMSD) for the
Micellization of Pure and Mixed Surfactant Systems in 4-chlorobenzoic acid Aqueous

Solutions
Nonionic systems Cationic systems Mixed systems

farameret T“’Zeg“_ wag“' ngg“' DTAB TTAB CTAB TTTV/EEI{ gwi\:fn/ E»ifn/

-20 -40 -80

a (x107'K™) 6.68 8.58 9.51 4.06 3.84 3.58 6.96 5.20 4.11

b (K™ -0.42 -0.54 -0.60 -0.22  -021 -020 | -039 -029  -0.23

c 56.7 73.9 83.7 234 211 18.9 48.4 324 23.6

T'(K) 314.4 3147 3154 2709 2702 269.8 | 280.2 2794 2739

CMC (x107°M) | 0.032 0.022 0.016 7.12 1.76 0.42 0.55 0.45 0.36

B 0 0 0 0.75 0.78 0.80 0.68 0.67 0.67

AG w(Kcal/mol) | -8.97 -9.22 -9.35 -842 -100 -114 | -10.8 -10.9  -11.1

RMSD (%) 0.85 0.51 0.37 0.83 1.08 2.66 0.65 0.69 1.05
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Table 3. Variation of the Thermodynamic Parameters (AG®,, AH%, and AS°,) with the
Temperature for the Micellization of 4-chlorobenzoic acid by Aqueous Solutions of
Pure and Mixed Surfactant Systems. The units of AG’n, AH%,, and AS°, Values are
Respectively kcal/mol, kcal/mol, and cal/(mol K)

Nonionic systems Cationic systems Mixed systems

Teme() TW;S“_ wagn_ ngg“_ DTAB TTAB  CTAB TTvzii/— gvgiii "l:rle;ii/—
20 40 80

NG’ -7.70 -7.81 -7.88 -8.84 -10.3 -11.9 -10.9 -11.0 -11.2
284 | AH 6.50 8.44 9.59 -297 -2.31 -0.96 -1.43 -1.43 -0.92
AS°m 50.0 57.2 61.5 20.7 28.0 38.5 333 33.7 36.2
NG’ -8.04 -8.19 -8.29 -8.94 -10.5 -12.1 -11.1 -11.2 -11.4

291 | AH 5.25 6.84 7.87 -4.80 -4.04  -2.53 -4.26 -3.55 -2.58
AS°m 45.7 51.6 55.4 14.2 22.2 32.9 23.5 26.3 30.3
AG’n -8.36 -8.53 -8.65 -8.95 -10.6 -12.3 -11.2 -11.3 -11.5

298 | AH 3.86 5.05 5.86 -6.79  -5.92 -4.24 -7.36 -5.87 -4.41
ASm 41.0 45.6 48.7 7.25 15.7 27.0 12.9 18.2 23.8
NGy -8.65 -8.81 -8.96 -8.97 -10.5 -12.4 -11.3 -11.4 -11.6

305 | AH 2.31 3.07 3.68 -8.95 -7.97 -6.11 -10.7 -8.40 -6.39
AS’m 35.9 38.9 41.4 0.06 8.95 20.6 1.97 9.84 17.1
NG, -8.89 -9.06 -9.23 -8.89 -10.7 -12.5 -11.3 -11.4 -11.7

312 | AH. 0.61 0.89 1.27 -11.3  -10.2 -8.14 -14.4 -11.1 -8.55
NS’ 30.4 31.9 33.6 -7.72 1.60 14.0 -9.93 0.96 10.1

Table 4. Least Square Parameters of Equation (6) and Root mean Square Deviation (RMSD) for

the Micellization of Pure and Mixed Surfactant Systems in 4-chlorobenzoic acid by

Aqueous Solutions

Nonionic systems Cationic systems Mixed systems
Parameter 3 _ B TTAB/ TTAB/ TTAB/
Twze (f):n Tw;gn nge gn DTAB TTAB CTAB | Tween-  Tween—  Tween—
20 40 80
p&) 300.6 297.8 298.0 2974 2976 2928 300.0 295.5 291.8
q(kcal/mol) -8.50 -8.55 -8.70 -8.99 -10.6 -12.2 -11.3 -11.3 -11.4
RMSD(%) 2.62 4.64 3.83 4.70 3.04 4.27 7.51 5.33 5.57
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TTAB/Tween—-40, TTAB/Tween—80).

g} Hjo]l&A A|AHLS A 19O L ool
/K—]/\]/\E-ﬂ 1 53} /\]/\E-]1o1]/\—1‘— =7Vet= ASES
Hooh 191 5% AARoA= garte9
Zo|7} AojA4E CMC g2 #Aastact AMg
ol RE AAFA & okE CMC 9
AR RE A AGCHES ST 2299
ellA 25 2o k& Yeileh %9 37t
of et AG#E BE A&HoA fastle
o, 539 ARBYANAL BaAEe Zolrt
7‘:._10111/\i yaYes %}:O 71—/\01.__ 7:]0]:.__ Eoﬂr/}
AGWZEE EF A2Egol ey Azg (o)
A AAE oz Z7Edn AGR, 9 AP,
9 AS9] #E2 259 F7to] we AY Z
Aog wlgste] Fashks AFS How, A
G & AFRETE ASY HAFo] S A
A b o)A emol Z7te] wet Ay
o Aefmr FA FAsHE AEEH Y St
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& 7Folal Qles WEHATH ARSRN RE A
HEGA N AH WS ASwwel Histel 24
o FAE HEigled, 29t BARRH
T STEREE AR AWEEA SRl
wet fiFfes Mz fARE ge WERSIE

ol Alxdle] Wit HERE FE2 Yol
7 AlaEoly EAIAE] et ghER of
F 2 e dEiglen, oz HlolRA Al
go] Ftole v Aade] BeHt JIE=Y
a7t o & oudith ¥ AW BE
Aol 2mo] bl uet astelon, &
aAbE0] Aojdes RE ALHA FFSH
o gaAEe] dojo mE AGTWge] 1dze
BT AAE olR 3k EjF ASWEE e AL
dof A 2o St wet gastglon, gt

29| Zol7} WolA4E F7tskrt.
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