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ABSTRACT. When the sufactants are dissolved in water, they associate to form micelles and solubilize
oil inside the micelle to form swollen micelles. Although spherical aggregates like micelles and swollen

2

micelles occupy the same regions in the phase diagram of water — oil — surfactant systems, they are treated
in different viewpoint for the formation of such aggregates. Hence a unified thermodynamic formalism
for the formation of such structure is presented in this study. In all cases, the ideal solution theory is
applied for dilute system and the energy of formation is expressed as the sum of hydrophobic interaction
energy and surface energy due to surfactant film. From the model, critical micelle concentration (CMC),
average aggregation number, and solubilization ratio are predicted and compared with the known ex-
perimental observation.
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Fig. 1. Schematic and geometric dimensions used in the
calculations for (a) micelle, (b) swollen micelle,
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0.0020
W = 6800
0.0015¢
G
! 7000
00010
7200

0.0005

0.0000

000 0007 002 0003 0004 0005

C {mot/t)
Fig. 2. Monomer (C,) versus total concentration (C) in
micellization for different values of w in cal/mol. The
values of 7* =5 mN/m, K, =3 mN/m, A*=12.4 Amole-
cule, 7*=1000 A, =9 A, The balck circle shows the
CMC determined from Tanford'’s criterion.

Table 1. Solubilization of n-decane in nonionic surfac-
tant, C10I‘1210(C2H40)8CH3, at 30°C

Qx102 CMCx10% I‘g" b: A*
(mole ratio) (mol/1) A) (A9 (A2
0.0 1.143 82 17.97 124
4.87 1.086 90 11.97
8.59 1.029 97 10.73

11.65 0.991 104 10.25
13.94 0.972 108 10.03
18.18 0.915 123 9.53
29.50¢

aExperimental values from ref, 13. #Solubility ratio at
saturation,

#Ht F55F AFEolA o] Folxcke AL el
Heh

FielliA] Wl whE CMC 9] W3E Fig, 3
o =AIsIlem, AMe AFAL Kot Fohg
o @z} CMC = AxE 2& ¥ 4 ok ol
AR ZAAZ] A=A FISH7)} o2 e
= micelle 4°] oA g duld,
Fig. 4ol€ BT XA N ok Aalgesle
BAE vetigiedl, CMC 2Ad4E N 9 %
°of A8 F7kEH 2 & A FAHL &
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Fig. 3. Monomer (C;) versus total concentration (C) in
micellization for different values of K,, in mN/m. The
values of w=7000 cal/mol, 7*=5mN/m, A*=124
Afmolecule, 7*=1000 A, =9 A. The black circle shows
the CMC determined from Tanford’s criterion.
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Fig. 4. Aggregation number(N) versus total concentra-
tion (C) in micellization for different values of 7* in
mN/m. The values of w="7000 cal/mol, K,,=3 mN/m,
A*=12.4 A%molecule, 7*=1000 A, 7=9 A. The black
circle shows the CMC determined from the separate plot
of C, us. C.

2 goh. oA micelle WA 2 2ot
$REA47 N ol 7P AH(i=N) 9452
2 9je] e wAAL T2E ABHA Bee
Uehied, o] @4 AR AREAs} 27 of
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Fig. 5. Monomer(C,) versus total concentration(C) in
solubilization for different values of K,, in mN/m. The
values of w=6700 cal/mol, 7*=0 mN/m, A*=12.4
A2molecule, r*=1000 A , 5=10.25 A. The black circle
shows the CMC determined from Tanford’s criterion.

80
r*=2
70
1
N
60
/
S0
40 . . R A
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Fig. 6. Aggregation number(N) versus total concentra-
tion(C) in solubilization for different values of 7* in
mN/m. The values of w=6700 cal/mol, K,,=1 mN/m,
A*=12.4 A¥molecule, 7*=1000 A, 5 =10.25 A. The
black circle shows the CMC determined from the sepa-
rate plot of C; vs. C.

2o 2AAY 47} N ¥ AL AL ((<KN) =2
Aol AALL =3}, =3 IR} F7t
ol wz} hglEAge] FHURE A
Sx)35k7] Ysted 2 LA S & 4 ULk
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Fig. 7. Hydrocarbon/surfactant ratio{(Q) versus total
concentration (C) in solubilization for different values of
r* in mN/m. The values of w=>5700 cal/mol, K, =1
mN/m, A* =12.4 A%molecule, 7*=1000 A, § = 10.25A.
The black circle shows the CMC determined from the
separate plot of C; vs. C.
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