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Two transition points were observed in the surface tension curves of the mixed systems of cationic
bolaamphiphile BPHTAB (biphenyl-4bis(oxyhexamethylenetrimethylammonium bromide)) and its op-
positely charged conventional surfactants. Transmission electron microscopy, dynamic light scattering, and
isothermal titration microcalorimetric experiments demonstrated that spherical vesicles or elongated aggregates
formed at the lower surfactant concentration than the corresponding critical micelle concentration (cmc),
which led to the existence of two transition points in surface tension curves. Addition of 10% formamide into
the mixed system broke the vesicles and elongated aggregates and made the first breaking point disappear.
The biphenyl group in the BPHTAB molecule and the appropriate attractive interaction between the cationic
and anionic headgroups of the surfactants had a great influence on the ability of vesicle formation and

determined whether the two transition points would exist in the surface tension curve.

Introduction respective micelles in different concentrations; as a result, two
transition points in the surface tension curve are observed. In
the case of polymer and surfactant system, the surfactant
adsorption on the polymer is responsible for the first transition
point. This binding occurs abruptly in a similar fashion as
micelle formation® The second transition point indicates the

Bolaamphiphiles, molecules with two polar groups connected
by one or two hydrophobic chains, are receiving increased
attention as building blocks for structures such as membranes,
fibers, tubes, and so dn® The aggregate morphologies of
bolaamphiphiles are dependent on their headgrodipand the surfactant micelle formation as usual
structure of the hydrophobic chaits1®> The surface properties _ _ i . _
of bolaamphiphiles are also investigated and many new phe- It is easy to find that in both series of the_ mixed systems
nomena are observed due to their reverse U-shape conformatiof"€ntioned above there is a great structure difference between
in surface phast~19 However, in contrast to many studies on the two components: hydrocarbon and fluorocarbon chains in
organized assembly formati#h?® and surface properti&s?s the first series, polymers and small conventional surfactant
in conventional catanionic surfactant systems, the correspondingMolecules in the second series. We have reported that the two
research on mixed systems of bolaamphiphiles and their transition points in one surface tension curve can also be
oppositely charged conventional surfactants is rare. ob_served in th_e mixed system of a _cationic bolaa_mphiphile

There is one transition point in surface tension curve (biphenyl-4,4-bis(oxyhexamethylenetrimethylammonium bro-
indicating micelle formation in common surfactant systems. Mide), BPHTAB) and sodium dodecyl sulfate (SOS)t is
However, in some systems, two transition points exist in the interesting to note that there is no great structure difference
surface tension curve. This phenomenon usually can be observed€tween the two hydrocarbon compounds in this mixed system.
in the following two series of mixed systems: one is the mixture In fact, strong electrostatic attractive interaction between the
of fluorocarbon and hydrocarbon surfacta#ft£2 and the other ~ Polar headgroups of BPHTAB and SDS exists. To make a
is the mixed system of polymer and conventional surfacffs. further study on the relationship between molecule structure and
After Klevens and Raison’s repétton the fluorocarbon and ~ Molecule properties in this kind of system, in this paper, three
hydrocarbon mixed system, several other reporé8prove that ~ Polaamphiphiles with biphenyl groups in the middle of their
existence of the two transition points in this system is due to Molecules are synthesized. They are mixed with their oppositely
the mutual phobicity of the hydrocarbon and fluorocarbon charged conventional surfactants. Combined the results in the

chains. The hydrocarbon and fluorocarbon surfactants form Mixed systems of bolaamphiphiles having monophenyl group
and their oppositely charged conventional surfactants, we try

* To whom correspondence should be addressed. Fax: (86) 10-6275- {0 €xplore the course of the existence of the two transition points
1708. E-mail: JBHuang@chem.pku.edu.cn. in our systems. On the basis of the results of transmission
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SCHEME 1: Synthesis of BPHTAB and BPHEAB
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SCHEME 2: Synthesis of BPSPC _ ! _
Figure 1. y—log c curves of the BPHTAB/SDS mixed systems at

NaOH 0°C.
HOOH +  Br(CH,)sCOOH _eem s0.0%C

was baked at 500C for 6 h. Formamide (AR grade) and

NaB404-10H,0O (AR grade) were from Beijing Chemical Co.
NeOOC(HC)0 . . O(CHalsCooNa and used as received. Water was distilled from the KMnO
containing deionized water to remove traces of organic com-
ounds.

Sample Preparation. The surfactants were mixed in molar
ratios and the solvents (ethanol/water and formamide/water)
were mixed in volume ratiosgoa Stood for the molar content
of bolaamphiphile in the mixture. The pH values were adjusted
t0 9.2 by addition of NgB4O4-10H,O in the systems containing
carboxylate surfactants. The temperature of all experiments was
Experimental Section kept at 30.0+ 0.5°C. _

Surface Tension. The surface tension measurement was
conducted using the drop volume mett#dlhe values of
concentration and the surface tension at the two transition points
were determined from the surface tension curveslgg c
curves).

Transmission Electron Microscopy (TEM). Micrographs
were obtained with a JEM-100CX Il transmission electron
'microscope by the freeze fracture technique and negative-
staining methods. (1) Freeze-fracture technique: Fracturing and
replication were carried out in an EE-FED.B freeze-fracture
device equipped with a JEE-4X vacuum evaporator. (2) Nega-
tive-stained method: Uranyl acetate solution (1%) was used as
the staining agent. One drop of the solution was placed onto a
carbon Formvar-coated copper grid (230 mesh). Filter paper
was employed to suck away the excess liquid.

Dynamic Light Scattering (DLS). Dynamic light scattering
measurements were carried out by a spectrometer of standard
design (ALV-5000/E/WIN Multiple Tau Digital Correlator) with
a Spectra-Physics 2017 200 mW Ar laser (514.5 nm wave-
length). The scattering angle was °90and the intensity
autocorrelation functions were analyzed using the methods of
Cumulant and Contin.

Isothermal Titration Microcalorimetry. The calorimetric
measurements were performed with the commercial microcalo-
rimetric-measuring channel of the 2277 TAM (Thermometric
AB, Jarfalla, Sweden). Raw data curves were integrated using
Digitam 4.1 software.

BPSPC

electron microscopy, dynamic light scattering and isothermal P
titration microcalorimetric experiments, we find that the forma-
tion of various kinds of organized assemblies such as vesicles
or micelles at different surfactant concentrations will be
responsible for the existence of two transition points in the
surface tension curves.

Materials. Biphenyl-4,4-bis(oxyhexamethylenetrimethyl-
ammonium bromide) (BPHTAB) and biphenyl-4gis(oxy-
hexamethylenetriethylammonium bromide) (BPHEAB) were
synthesized according to Scheme 1. First;-Bj4((bromohexa-
methylene)oxy)biphenyl was synthesized by refluxing'4,4
dihydroxybiphenyl, 1,6-dibromohexane, angdQs in acetone
for 3 days. The product was recrystallized from acetone. Second
BPHTAB and BPHEAB were obtained from 4;dis((bromo-
hexamethylene)oxy)biphenyl and the corresponding tri-
alkylamine. The products were recrystallized from ethanol.
Phenyl-4,4bis(oxyhexamethylenetrimethylammonium bromide)
(PHTAB) (Chart 1) was prepared by the same procedure as
BPHTAB except that hydroquinone was used instead df 4,4
dihydroxybiphenyl. Biphenyl-4,4bis(sodium oxypentamethyl-
enecarboxylate) (BPSPC) was synthesized frormdildydroxy-
biphenyl and 6-bromohexoic acid in NaOH solution (Scheme
2). The product was recrystallized from an ethanehter
mixture. All the compounds were characterized Iy NMR
spectra and elemental analysis.

Dodecyltrimethylammonium bromide {€&IMesBr) and dode-
cyltriethylammonium bromide (GNEtBr) were synthesized
from n-dodecyl bromide and the corresponding trialkylamine.
The products were recrystallized from an ethareatetone
mixture. Sodium decanoate {COONa) was prepared by
neutralizing the decanoic aciddCOOH) with NaOH in ethanol.
CyCOOH was distilled twice before use. Sodium dodecyl sulfate
(SDS) of AR grade was purchased from Sigma Co. and used
as received. The purity of all the surfactants was examined by R . .

. T 2 Results and Discussion
surface tension measurement, and no minimum was found in
all the surface tension curves. Surface Properties.The y—log c curves of the BPHTAB/

Ethanol was refluxed with magnesium scraps and iodine for SDS mixed systems of two surfactant proportions are shown in

more tha 2 h and then distilled. Sodium bromide of AR grade Figure 1. There are two transition points in eacHog c curve,
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Figure 2. y—log c curves of the BPHTAB/SDS mixed systems in 0.1

mol/L NaBr at 30.0°C.
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Figure 3. y—log c curves of the BPHTAB/SDS mixed systems in
0.10 mol/L NaBr with ethanol addition at 30°€C (Xgoia = 0.33).

TABLE 1: C,, Cy, y1, and y, Values of the BPHTAB/SDS
Mixed Systems at 30.C°C

EtOH:H,0=1:9
EtOH:H,0=1:4

Xgola C1(1075mol/L) C,(10°mol/L) y1(MN/m) 7y, (mMN/m)
0.33 1.54 4.59 50.7 43.1
0.60 1.25 5.00 51.7 43.3
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Figure 4. y—log c curve of the BPHTAB/@QCOONa mixed systems
at 30.0°C (Xgola = 0.60, pH= 9.2).

TABLE 2: C,, Cy, y1, and y, Values of the BPHTAB/
CyCOONa Mixed Systems at 30.0C (Xgoia = 0.60, pH=
9.2)

Xgola Ci1(107#mol/L) C,(10°3mol/L) y1 (MN/m) 1y, (mN/m)
0.60 4.47 5.00 50.9 42.6

values of C; and C, are higher in the BPHTAB/COONa
system than those in the BPHTAB/SDS system.

The above results indicate that it is not a unique phenomenon
that the two transition points exist in oge-log c curve in this
bolaamphiphile and its opposite charged surfactant mixed
system. Obviously the explanation for two transition points
phenomenon in the fluorocarbon/hydrocarbon mixed surfactant
systems and polymer/conventional mixed surfactant systems is
not suitable for our systems. There is no mutual phobicity of
the hydrocarbon and fluorocarbon chains or the surfactant’s
adsorption on the polymer. In fact, strong attractive interaction
of cationic and anionic surfactants exists in the BPHTAB/SDS
system and the BPHTABKCOONa system. A new explanation
for this new phenomenon should be provided.

Organized Assembly Formation.Organized assemblies are
also studied in both the BPHTAB/SDS and BPHTABZODONa
systems. TEM measurements show that spherical vesicles or
elongated aggregates exist when the total surfactant concentra-

which is different from the case in the usual surfactant system. tion is higher tharC, in the BPHTAB/SDS system (Figure 5a)
The transition point at lower concentrations is designated as and the BPHTAB/GQCOONa system (Figure 5b). Predictably,
the first point, and the transition point at higher concentration no aggregate is observed in the solution when the total surfactant
is designated as the second point (see Figure 1). The totalconcentration is lower tha@; in these systems.

surfactant concentrations at the two transition poiis Cy)

The DLS results of the BPHTABKCOONa system in the

and surface tension values of the solution at the two transition total surfactant concentration of 0.002 mol/L (betw&arand

points (1, y2) are listed in Table 1.

C,) and 0.01 mol/L (abov€,) are shown in Figure 6. It can be

The surface properties in the BPHTAB/SDS mixed systems seen that the aggregates with average hydrodynamic radius of

in 0.10 mol/L NaBr were also investigatétland they—log c

100 nm exist at 0.002 mol/L, which may be designated as

curves are shown in Figure 2. It can be seen that the two vesicles and elongated aggregates. When the total surfactant
transition points also exist, but the total surfactant concentration concentration is increased to 0.01 mol/L, a new kind of
and surface tension at the transition point are different. aggregate with the average hydrodynamic radius of 2 and 17

Moreover, the two transition points also exist in thelog c
curve with the addition of some ethanol (see Figure 3).

A similar result is also found in the BPHTAB4COONa
systems, especially wheXsea is 0.60 and the pH is 9.2 (see
Figure 4 and Table 2). In Figure 4, the two transition points
are clearly shown in thg—log c curve, and the concentration
range betwee®; andC; is wider in the BPHTAB/GCOONa

nm can be observed, which usually indicates micelle formation.
It should be noted that at this concentration vesicles (with the
average hydrodynamic radius of 100 nm) still coexist in the
system. TEM measurements also demonstrate that spherical
vesicles or elongated aggregates exist at concentrations higher
thanC,, in all the above systems. Combined with the TEM and
DLS results, it can be concluded that vesicles and elongated

system than that in the BPHTAB/SDS system. Meanwhile, the aggregates exist while the total surfactant concentration is
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Figure 5. TEM micrographs for the mixed systems: (a) BPHTAB/S[E% = 3.0 x 1075 mol/L, Xgea = 0.60, negative staining); (o) BPHTAB/
CoCOONa Crotar = 2.0 x 1072 mol/L, Xgoia = 0.60, pH= 9.2, negative staining); (¢) BPHTAB/SD&{a = 6.0 x 107° mol/L, Xgoa = 0.60, 0.1
mol/L NaBr, freeze fracture); (d) BPHTAB/SDEf = 2.0 x 1074 mol/L, Xgoa = 0.33, EtOH:HO = 1:4, freeze fracture).
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Figure 6. DLS measure results of the BPHTABLOONa system at
30.0°C (Xgoa = 0.60, pH= 9.2).

betweenC; and C,, When the concentration is above,
micelles begin to form and micelles and vesicles coexist in the
solution.

It is well-known that the surface tension of surfactant solution
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SDS and BPHTAB/@COONa systems, spherical vesicles and
elongated aggregates form below the cmc, which influences the
concentration of free surfactant molecule in the bulk solution,
followed by the variation of the adsorption of surfactants. Thus
it is reasonable that the existence of two transition points comes
from the formation of different kinds of surfactant aggregates
in different concentration regions. That is to say, the existence
of two transition points is mainly due to the fact that spherical
vesicle and elongated aggregate form at the lower surfactant
concentration than the concentration of micelle formation. When
the concentration is lower tha&h, no organized assemblies exist

in the solution. Thus surface tension decreases with the
increasing surfactant concentration according to the Gibbs
adsorption equation. At the concentration ©f, spherical
vesicles or elongated aggregates begin to form, which influences
the surface adsorption and induces the first transition point to
appear. At the concentration @f, great amount of micelles
begin to form, which induces the second transition point. That
is to say,C; is the cmc in these kinds of systems.

Effect of Additives. The organized assemblies in these mixed
systems with the addition of NaBr or ethanol are also investi-
gated. TEM results show that spherical vesicles and elongated
aggregates still exist when these additives are added into the
system (Figure 5c¢,d). It is consistent with the results that vesicles

is determined by the nature of surfactant molecules and their ¢an exist in 0.1 mol/L NaBr or at high volume ratio of ethanol/

packing condition on the surface. Considering the equilibrium

water solution in conventional cationic and anionic mixed

among surfactant molecules in surface, free surfactant moleculesurfactant systenis. Hence it is understandable that the two
in the bulk phase and surfactant molecules in organized transition points phenomenon also exists in these systems after
assemblies (such as micelles and vesicles), it is possible thathe addition of NaBr or ethanol, regardless of the variation of

the surface properties are influenced by the formation or
transformation of the organized assemblies in the solution.

In usual surfactant system, there is no aggregate in the

solution when the concentration is lower than the critical micelle
concentration (cmc), so there is one transition point in/thég
c curve indicating micelle formation. However, in the BPHTAB/

the total surfactant concentration and surface tension at the
transition point.

However, it is completely different in the presence of
formamide. The effect of formamide on the conventional
cationic and anionic surfactants mixed system is different from
that of ethanol based on our previous wétk3® According to
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Figure 7. y—log c curves of the BPHTAB/SDS mixed systems with
and without formamide at 30.9C (Xgoia = 0.60).

TABLE 3: C; Values in the BPHTAB/SDS Mixed Systems
with and without Formamide at 30.0 °C (Xgola = 0.60)

formamide ratio (%) 16C; (mol/L)
0 0.50
5 1.26
10 1.86

Coulomb’s law, the relative dielectric constant of the solvent
can directly affect the electrostatic force between two ionic
surfactants. The dielectric constant of formamide is 111.0, which
is much higher than that of water. The attractive interaction
between the polar groups of cationic and anionic surfactants
and the solvophobic effect would both be reduced with
formamide addition. Therefore, formamide addition is disad-
vantageous to vesicle formation. On the other hand, surfactant
micelles can exist in formamide solution according to Ray’s
work3® That is to say, if our explanation provided above is
reasonable, we will observe the surface tension curve with just
one transition point when formamide is added into the mixed
systems in suitable concentration.

The y—log c curves and the surface properties of the
BPHTAB/SDS systems with and without formamide are shown
in Figure 7 and Table 3, respectively. In Figure 7, thelog ¢
curve of the system with 10% formamide is similar to the usual
y—log c curve, which has only one transition point. There are
two transition points in the curve of the system with 5%
formamide, but the first point is not obvious. TEM results
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Figure 8. Titration microcalorimetric curves of the BPHTAB/SDS
systems in water and in the 10% FA aqueous solution &C3Xsoia
= 0.60): (a) without FA; (b) with 10% FA.

the value of the transition point of the-log c curve, the total

surfactant concentration of the abrupt decrease in isothermal

titration microcalorimetric curve is 1.5 10~4 mol/L.

Effect of Surfactant Molecular Structure. The phenomenon
of the two transition points in the surface tension curve comes

demonstrate that neither the vesicle or elongated aggregate exist§om the fact that the formation of spherical vesicles and

in the system with 10% formamide. For the system with 5%

elongated aggregates is prior to micelle formation. Usually in

formamide, the density of vesicle or e|ongated aggregate is the conventional cationic and anionic surfactant mixed systems,
greatly reduced compared with that in the system without vesicles form in the surfactant concentration near the cmc or

formamide addition.

higher than the cmc. Therefore, the phenomenon of two

The calorimetric measurement results also support the abovetransition points is not common. Considering the fact that there

conclusion. The isothermal titration microcalorimetric curves
of the BPHTAB/SDS systems with and without10% FA addition

is only one transition point in the surface tension curve in the
PHTAB/SDS and PHTAB/GCOONa system¥ we can assume

are shown in Figure 8. From Figure 8a it can be found that that the biphenyl group in the BPHTAB molecule may play an

there are two peaks in the curve of the BPHTAB/SDS system.
The total surfactant concentrations of the two peaks arext.78
1075 and 5.08x 107% mol/L, respectively. They are consistent

important role in the priority formation of spherical vesicle and
elongated aggregate.

Like other bolaamphiphiles, the BPHTAB molecule would

with the total surfactant concentration at the two transition points take either of the two kinds of conformation in aggregates, line

in the y—log c curve. Obviously, the first peak indicates the
formation of vesicles and elongated aggregatdd & —15.5
kJ/mol), and the second peak indicates micelle formatiod (

= —9.1 kJ/mol). On the other hand, from Figure 8b it can be
found that after the addition of 10% FA, there is only one abrupt
decrease in the titration microcalorimetric curve, which indicates
the micelle formationAH = —10.9 kJ/mol). Corresponding to

conformation, and U shape conformation. Neither of these
conformations is in favor of micelles, as line conformation is
not beneficial to the moving of BPHTAB molecules between
micelle and solution (see Chart 2a), and the rigid biphenyl group
is disadvantageous to the formation of U shape conformation
in micelles (see Chart 2b). On the other hand, the line
conformation of BPHTAB in the vesicles is more favored (see
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Figure 9. y—log c curves of BPHEAB/SDS, BPHEABKCOONa,
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CHART 2: Conformation of BPHTAB Molecule in
Aggregates: (a) Line Conformation of BPHTAB in the
Micelle; (b) U Shape Conformation of BPHTAB in the
Micelle; (c) Line Conformation of BPHTAB in the
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cannot form at a concentration lower than the cmc. That is to

say, bolaamphiphiles with a biphenyl group in the molecule and

suitable interaction between polar groups in the mixed cationic

and anionic surfactant system are the two basic determinants
to the existence of the two transition points in one surface

tension curve.

Conclusion

The surface properties and organized assemblies formation
are studied in the mixed systems of bolaamphiphiles with
biphenyl group and their oppositely charged conventional
surfactants. Two transition points are observed in the surface
tension curves of the BPHTAB/SDS and BPHTABZDONa
mixed systems. Formation of different kinds of molecular
assemblies in different concentration region accounts for this
phenomenon, which is further explained by the structures of
bolaamphiphiles. We hope that this study would make some
advances in the field of the aggregate formation in the mixed
systems of bolaamphiphiles and their oppositely charged
conventional surfactants, then provide some useful information
on the relationship between surface properties and organized
assembly formation in solutions.

Acknowledgment. This work was supported by National
Natural Science Foundation (20233010, 20373003) of China.

References and Notes

(1) Escamilla, G. H.; Newkome, G. Angew. Chem.,
1994 33, 1937.
(2) Shimidzu, T.; Iwaura R.; Masuda, M.; Hanada, T.; Yase].KAm.

Int. Ed. Engl.

Chart 2c). Therefore, it is possible that spherical vesicle and chem. Soc2001, 123 549.

elongated aggregate form at a lower concentration than the cmc.
However, the phenomenon of the two transition points occurs

not in all the mixed systems of bolaamphiphiles with biphenyl

group and their opposite charged conventional surfactants. Some

other bolaamphiphiles with biphenyl groups, BPHEAB and

BPSPC are synthesized in our lab. Due to the limited solubility

of the BPSPC/&NMesBr system, only the BPHEAB/SDS,
BPHEAB/GCOONa, and BPSPCIENELBr systems are in-

vestigated. However, the surface tension curves of these three
systems (see Figure 9) are similar to the usual case (only one

(3) Fuhrhop, J. H.; Mathieu). Angew. Chem.,
23, 100.
(4) Kolbel, M.; Beyersdorff, T.; Sletvold, I.; Tschierske, C.; Kain, J.;
Diele, S.Angew. Chem., Int. Ed. Endgl999 38, 1077.
(5) Yan, Y.; Huang, J. B.; Li, Z. C.; Ma, J. M.; Fu, H. L. Phys.
Chem. B2003 107 1479.
(6) Okahata, Y.; Kunitake, TJ. Am. Chem. Sod.979 101, 5231.
(7) Wang, K. S.; Munoz, S.; Zhang, L. T.; Castro, R.; Kaifer, A. E.;
Gokel, G. W.J. Am. Chem. Sod.996 118 6707.
(8) Visscher, I.; Engberts, J. B. F. Nangmuir200Q 16, 52.
(9) Meglio, C. D.; Rananavare, S. B.; Svenson, S.; Thompson, D. H.
Langmuir200Q 16, 128
(10) Munoz, S.; Mallen, J.; Nakano, A.; Chen, Z. H.; Gay, |.; Echegoyen,

Int. Ed. Englos4

transition point). Furthermore, vesicles are observed above theL: Gokel, G. W.J. Am. Chem. S0d.993 115, 1705.
cmc and no vesicle or elongated aggregate is observed below (11) Fuhrhop, J. H.; David, H. H.; Mathieu, J.; Liman, U.; Winter, H.

the cmc according to the TEM results.

; Boekema, EJ. Am. Chem Sod.986 108, 1785.
(12) Fuhrhop, J. H.; Fritsch, D.; Tesche, B.; SchmiadyJHAm. Chem.

Obviously, there is another factor that influences the existence go¢.1984 106, 1998.

of the two transition points besides the effect of biphenyl group.

(13) Fuhrhop, J. H.; Spiroski, D.; Boettcher, L Am. Chem. So8993

The difference among these systems is polar headgroups of thel13 1600.

surfactants. The headgroup effect on the aggregation behavior
could be explained by the critical molecular packing parameter

P. According to the geometry rufé@,P is calculated with the
equation

P=VJay,

where V; and I are the volume and chain length of the
hydrophobic group, respectively, amg is the optimum area
per polar group. For vesicle formation, the proper valud® of
falls in the range 0.51, whereas for micelle formatiol <

0.5. Considering that the triethyl group is bigger than the
trimethyl group, the values @ should be higher ané should

be lower in the BPHEAB/SDS, BPHEAB/COONa, and
BPSPC/GNEBr systems than those in the BPHTAB/SDS and
BPHTAB/CsCOONa systems. Thus the vesicle-forming capa-
bility in the former three systems will be weak, and vesicles

(14) Bhattacharya, S.; De, S.; Subramanian,JMOrg. Chem.1998

, 7640.

(15) Bhattacharya, S. De, £&hem. Commuril996 1283.

(16) Heiser, U. F.; Dobner, BChem. Commuril996 2025.

(17) Song, J; Cheng, Q.; Kopta, S.; Stevens, RJ.GAm. Chem. Soc.
2001, 123 3205.

(18) Meguro, K.; Ikeda, K.; Otsuji, A.; Taya, M.; Yasuda, M.; Esumi,
K. J. Colloid. Interface. Sci1987, 118 372.

(19) Yan, Y.; Huang, J. B.; Li, Z. C.; Zhao, X. L.; Zhu, B. Y.; Ma, J.
M. Colloid. Surf. A2003 215, 263.

(20) Hoffmann, H.; Gthner, D.; Hornfeck, U.; Platz, Q. Phys. Chem.
B 2000 103 611.
(21) Escalante, J. |;
Langmuir200Q 16, 8653.
(22) Kaler, E. W.; Murthy, A. K.; Rodriguez, B. E.; Zasadzinski J. A.
N. Sciencel989 245 1371.

(23) Han, F.; Fu, H. L.; He, X.; Huang, J. Bcta Chem. SirR003 61,
1399.

(24) Okano, T.; Tamura, T.; Abe, Y.; Tsuchida, T.; Lee, S.; Sugihara,
G. Langmuir200Q 16, 1508

(25) Okano, T.; Abe, Y.; Hotta, D. K.; Nakano T. Y.; Sugihara, G.;
Oh, S. G.J. Jpn. Oil Chem. So200Q 49, 915

Gradzielski, M.; Hoffmann, H.; Mortensen, K.



5262 J. Phys. Chem. B, Vol. 108, No. 17, 2004

(26) Klevens, H. B.; Raison, Ml. Chem. Physl1954 51, 1.
(27) Mukerjee, P.; Mysels, K. Xolloidal Dispersion and Micellar

Behavior; American Chemical Society: Washington, DC, 1975; p 239.

(28) Ueno, M.; Shioya, K.; Nakamura, T.; Meguro, Kolloid and
Interface ScienceAcademic Press: New York, 1977; p 411.

(29) Zhu, B. Y.; Zhao, G.. XActa Chem. Sin1982 40, 588.

(30) Jones, M. NJ. Colloid Interface Scil967, 23, 36.

(31) Arai, H.; Murata, M.; Shinoda, KJ. Colloid Interface Scil971
37, 223.

(32) Yan, Y.; Huang, J. B,; Li, Z. C.; Han, F.; Ma, J. Mangmuir
2003 19, 972.

(33) zZhu, B. Y.; Zhao, G. XHuaXueTongBad 981 6, 341.

Han et al.

(34) Huang, J. B.; Zhao, G. XColloid Polym. Sci1995 273 156.

(35) Huang, J. B.; Zhu, B. Y.; Zhao, G.. X.; Zhang, Z. Yangmuir
1997 13, 5759.

(36) Huang, J. B.; Zhu, B. Y.; Mao, M.; He, P.; Wang, J.; He$lliod.
Polym. Sci.1999 277, 354.

(37) Huang, J. B.; He, P.; He, X.; Zhu, B. Acta Phys.-Chem. Sin.
1998 14, 1080.

(38) Huang, J. B.; Han, F.; Wu, TActa Phys.-Chem. Sir2003 19,
779.

(39) Ray, A.Nature1971, 231, 313.

(40) Israelachvili, J. NIntermolecular and Surface ForceAcademic
Press: London, 1985; Chapter 16.



