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ABSTRACT: The “water-in-oil” microemulsion polymerization of (N-isopropylacrylamide) (NIPAM) 
enabled us to prepare a series of dilute “waterhodium bis(2-ethylhexyl)sulfosuccinate (A0T)ln-hexane” 
microemulsions with PNIPAM as a stabilizer. A combination of static and dynamic laser light scattering 
(LLS) was used to study the temperature (2‘) and dispersed-phase concentration (C) dependence of this 
series of dilute microemulsions. For a given water/AOT molar ratio of w = 23, the average hydrodynamic 
radius (Rh) of the microemulsion increases with T when C is higher than 0.150 g/mL but decreases when 
C is -100-fold dilute. In comparison with the HzOIAOTln-hexane microemulsion wherein no PNIPAM 
is introduced as a stabilizer, the H~O(PNIPAM)/AOT/n-hexane microemulsion is much more stable in 
the range of 1.50 x g/mL. On the basis of a spherical core-shell model, i.e., a 
water core coated with a layer of AOT, we determined the AOT layer thickness (b)  from the difference 
between the hydrodynamic radius (Rh) measured in dynamic LLS and the radius of the water core (R,) 
calculated from the mass (M,) of the water core obtained in static LLS, Le., b = Rh - R,. The estimate 
of b - 1.1 nm indicates that the water core is covered with only one monolayer of AOT molecules and the 
AOT molecules stand right on the surface of the water core, which is quite different from our previously 
reported model for the “oil-in-water” microemulsion, wherein half of the surfactant hydrophobic tail 
penetrates into the core. 

I C 5 7.50 x 

Introduction 
Microemulsions consist of a thermodynamically stable, 

transparent, and homogeneous single-phase solution of 
oil, water, and surfactants. For water-in-oil, it is widely 
accepted that the microemulsion is a fine dispersion of 
surfactant-coated water droplets (with a diameter of 
-10 nm) in a continuous oil p h a ~ e . l - ~  The formation 
and property of a given microemulsion depend on many 
factors, such as temperature, concentration, and the 
nature of each existing c~mponent .~ OakenfidP showed 
that when the ratio of V/L is larger than 0.7, the water/ 
oil interface will have a tendency to bend to  form a 
water-in-oil microemulsion with the hydrophilic head 
of the surfactant facing toward the center of the water 
droplet, where V and L are the volume of the head and 
the length of the surfactant hydrophobic tail, respec- 
tively. Sodium bis(2-ethylhexyl)sulfosuccinate (AOT) 
with V/L > 0.7 can spontaneously bend to form a water- 
in-oil microemulsion without any additional cosurfac- 
t a n t ~ . ~  Using AOT as a surfactant can minimize the 
number of chemical components in the preparation of 
a microemulsion. This is why AOT has been widely 
used as a surfactant in the “water-in-oil” microemulsion. 

The HzO/AOT/oil microemulsion has been extensively 
studied.8-12 Most studies involved relatively concen- 
trated microemulsions because the dilute HzO/AOT/oil 
microemulsion is thermodynamically instable. How- 
ever, a better understanding of the stability and struc- 
ture of each individual microemulsion droplet requires 
the study of a very dilute microemulsion wherein the 
interaction among different droplets can be greatly 
reduced. Recently, a few experiments were designed to 
study the HzO/AOT/oil microemulsions at  relatively 
lower con~entrations.l l-~~ In this moderate concentra- 
tion range the size of the droplets is rather uniform and 
only dependent on the HzO/AOT molar ratio. Small- 
angle neutron scattering study14 showed that, for a 
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given HzO/AOT molar ratio w = 30, the size of the 
droplets decreases dramatically as C decreases in the 
range of 0.1% I 4 I 1%, which indicates the emulsifica- 
tion failure. When 4 -= 0.1%, no microemulsion droplets 
can be found in the mixture. Therefore, the study of 
individual microemulsion droplets in a very dilute 
concentration is impossible. 

On the other hand, the interaction between polymers 
and the microemulsions has attracted much attention 
in both basic research and industrial applications. 
Candau et al.15 polymerized acrylamide in the HzO/ 
AOTholuene microemulsion. Laser light scattering 
(LLS) and viscosity data showed that polyacrylamide 
acted as a cosurfactant and partially located at  the HzO/ 
toluene interface between the hydrophobic tails of 
AOT.16 Further, the interaction between poly(N-iso- 
propylacrylamide) (PNIPAM) and surfactant was stud- 
ied. It was found that the presence of PNIPAM has a 
promotive effect on the micellization of sodium n- 
alkylsulfate (n I 5).17-20 Later, Peltonzl found that the 
polystyrene latex prepared with only SDS was unstable 
in dialysis, while a small amount of added PNIPAM 
would lead ot a much more stable colloid. 

This study has two objectives. The first is to prepare 
a stable and dilute water-in-oil microemulsion by poly- 
merizing NIPAM inside the water core, so that we can 
study individual microemulsion droplets with minimum 
interdroplet interactions. The second is to develop an 
LLS method to study the structure of spherical water- 
in-oil microemulsion droplets since LLS is more avail- 
able than small-angle neutron scattering. In previous 
studies, we have used a combination of static and 
dynamic LLS to  get some important structure param- 
eters of the “oil-in-water” microemulsions.22~23 

Basic Theories 

Static Laser Light Scattering (US). The angular 
dependence of the excess absolute time-averaged scat- 
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tered intensity, k n o w n  as Rayleigh ratio R, (41, is 
measured. For a dilute solution, R, (4) can be ex- 
pressed as24 

where K = 4 ~ c n ~ ( d n / d C ) ~ / ( N ~ % ~ )  and q = (4d%) sin (81 
2) with n, dnldC, NA, %, and 8 being the  solvent 
refractive index, the  differential refractive index incre- 
ment,  Avogadro's number, t he  wavelength of the  inci- 
dent light in  vacuo, and  the  scattering angle, respec- 
tively. By measuring R,(q) at a set of C and 8, we can 
determine Mw, R,, and A2 from a Zimm plot which 
incorporates the C and q dependence of KCIR,(q) in a 
single grid.24 

Dynamic LLS. The intensity-intensity time cor- 
relation function G(2) (t,q) in  the  self-beating mode is 
measured. G(2) (t,q) can be related to the  electric field 
t ime correlation function g(l) (t,q) as25,26 

2 G"' (t,q) = (I( t ,q)  I (0,q)) = AD + Pig"' (t,q)l 1 (2) 

where A is the  baseline; p, a parameter depending on 
the  coherence of the detection; and t ,  the  delay time. 
g(l) (t,@ is further related to the  characteristic line-width 
(r) distribution G(T) by 

g'" (t,q) = (E(t,q) E* (0,q)) = hmG(17 eKrtdT (3) 

G(T) can be calculated from a Laplace inversion of G(2) 
(t,q) on the  basis of eqs 2 and 3. If the  relaxation is 
diffusive, r can be related to the  translational diffusion 
coefficient D as27 

(4) 

where kd is the  diffusion second virial coefficient, and  f ,  
a dimensionless number related to the  hydrodynamic 
draining, t he  internal motion, and  the solvent quality. 
Both of the  thermodynamic and hydrodynamic interac- 
tions contribute to kd as28 

r/q2 = D( 1 + kdC)( 1 + f(R;)q2) 

where CD is a n  empirical positive constant, and Rh, the  
hydrodynamic radius related to D by the  Stokes- 
Einstein equation, Rh = k~TlGnqD, with T,  kg, and q 
being the  absolute temperature,  t he  Boltzmann con- 
stant, and the  solvent viscosity, respectively. Therefore, 
G(T) can be converted into either t he  translational 
diffusion coefficient distribution G(D) or t he  hydrody- 
namic radius distribution f(Rh). 

Experimental Section 
Materials. N-Isopropylacrylamide (NIPAM) purchased 

from Kodak was purified by a three-time recrystallization in 
a benzenehexane mixture. Sodium bis(2-ethylhexy1)sulfo- 
succinate (AOT; from Sigma, 99%) as a surfactant, potassium 
persulfate (KzSzOs; from Aldrich, analytical grade) as an 
initiator, and N,Nflfl-tetramethylenediamine (TEMED; 
from Fluka) as an accelerator were used without further 
purification. Freshly distilled and deionized water was used 
for all sample preparation. n-Hexane (from Aldrich, analytical 
grade) as a dispersion medium was distilled just before use. 
It should be noted that n-hexane instead of decane was used 
here because it is known that short-chain oil molecules can 
pack favorably with the surfactant's hydrophobic tail.2 
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Figure 1. Temperature dependence of the average hydrody- 
namic radius (&) for a concentrated HZO(PNIPAM)/AOT/n- 
hexane microemulsion, where C = 0.150 g/mL and w = 23. 

Table 1. Summary of Dynamic LLS Results of the Ha0 
(P"IPAM)/AOT/n-Hexane at Different Concentrations 

(C), Temperatures (r), and Scattering Angles (0) 

T = 25.02 "C T = 34.64 "C 

C/(g/mL) o (Rdlnm p m z  (Rh)/nm p d ( V  
0.150 30" 21.0 0.04 36.7 0.05 

90" 23.5 0.04 37.2 0.04 
0.00150 15" 4.50 0.05 2.35 0.07 

30" 4.40 0.04 

Sample Preparation. A total of 3.22 g of AOT was 
dissolved in 40.0 mL of n-hexane. Separatively, 0.240 g of 
NIPAM and 2.5 mg of KzSzOs were dissolved in 3.00 mL of 
deionized water. Two solutions were mixed, and then the 
mixture was bubbled with Nz for 20 min. Finally, 50 pL of 
TEMED was added to accelerate the polymerization of NIPAM 
in the water phase. The solution was stirred for 10 h until 
the polymerization was complete. The dispersed-phase con- 
centration of the final microemulsion was 0.150 g/mL. A 
successive dilution of this stock microemulsion with n-hexane 
led to five dilute HzO(PNIPAM)/AOT/n-hexane microemul- 
sions, with the dispersed-phase concentration (C) being 1.5, 
3.0,4.5,6.0, and 7.5 mg/mL, where the water/AOT molar ratio 
was fixed on w = 23. 

LLS Measurements. A commercial LLS spectrometer 
(AlV/sp-125, Langan in Hessen, Germany) equipped with an 
AlV-5000 multi-s digital time correlator was used. The light 
source was a vertically polarized Nd:YAG laser operated at 
532 nm and 400 mW (Adlas GmbH & Co. KG, Germany). 
Time correlation functions were analyzed by the Laplace 
inversion program (CONTIN) equipped with the correlator. 
The detail of the LLS instrumentation can be found else- 
 here.^^^^^ In static LLS, a precise value of the differential 
refractive index increment (dnldC) is vital for the absolute 
scattering intensity measurement. Therefore, we used a novel 
differential refractometer to determine the dn/dC of the HzO- 
(PNIPAM)/AOT/n-hexane rnicr~emulsion.~~ It should be noted 
that in both the static LLS and dnldC measurements n-hexane 
with the same amount of added AOT as in  the microemulsion 
was used as the reference solvent so that the light scattered 
and refracted from AOT was experimentally compensated. Such 
determined dnldC was 0.0546 cm3/g at T = 25 "C and I = 532 
nm. 

Results and Discussion 
Figure 1 shows the  temperature dependence of the 

average hydrodynamic radius (Rh) of the  stock H2O- 
(PN1PAM)lAOTln-hexane microemulsion, where (Rh) = 
S0mRhfRh) a h ,  8 = 30", C = 0.150 g/mL, and o = 23. 
Dynamic LLS results at different T and 0 are  sum- 
marized in  Table 1. The microemulsion has  a very 
narrow size distribution. In the  range of 20-45 "c, (Rh) 
increases dramatically with temperature. Our results 
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Figure 2. Temperature dependence of the average hydrody- 
namic radius (Rh) for a dilute HzO(PNIPAM)/AOT/n-hexane 
microemulsion, where C = 1.50 x g/mL and o = 23. 

showed that at  all temperatures the relaxation mea- 
sured in dynamic LLS was diffusive and (r)/q2 (and (Rh)) 
is a linear function of q2 as predicted in eq 4. However, 
the q dependence of (Rh) is not very strong even when 
(Rh) - 80 nm a t  T = 45 "C because there should be no 
hydrodynamic draining and internal motions associated 
with the hard-sphere-like droplets in the microemulsion; 
i.e., f i n  eq 4 is very small. The change of (Rh) as 
temperature was completely reversible. We also ob- 
served that, for a given temperature, (Rh) did not change 
with time euen a t  or near the low critical solution 
temperature (LCST - 31 "C) of PNIPAM in water. This 
strongly indicates that the microemulsion is thermody- 
namically stable. The results in Figure 1 agree with 
those from the H~O/AOT/isooctane system.30 The fluo- 
rescence study1 also showed that the mean aggrega- 
tion number N of the micelle increases with tempera- 
ture. This T dependence of (&) was first explained by 
the assumption that the surfactant shell will lose some 
surfactant molecules to the inner water core as tem- 
perature increases.30 To restore the same degree of the 
surfactant coverage on the water core as in a lower T, 
the droplets have to aggregate with each other to reduce 
the total surface area. The second explanation of this 
T dependence of (Rh) was in terms of the intermicellar 
attractive i n t e r a c t i ~ n . ~ , ~ ~  At a high dispersed-phase 
concentration, the hydrophobic tail of AOT from one 
droplet will have a chance to interact with the tails of 
AOT on other droplets. For a thermodynamically stable 
microemulsion, the surfactant/oil interaction is stronger 
than the tail/tail interaction. As temperature increases, 
oil molecules will become less optimally oriented to 
interact with the tails of AOT, while the tailhail 
interaction is less temperature dependent because the 
tails from two overlap droplets are always more or less 
parallel to each other. Therefore, the attractive force 
between two droplets increases with temperature, so 
that the droplets aggregate and (&) increases. The 
above two aggregation mechanisms can be differentiated 
from the T dependence of (Rh) in a very dilute micro- 
emulsion, wherein the taiytail interaction suggested by 
the second explanation should be greatly suppressed. 

Figure 2 shows a plot of (Rh) vs T after a 100-fold 
dilution of the HzO(PN1PAM)lAOTln-hexane micro- 
emulsion used in Figure 1, where C = 1.50 x g/mL 
and 6 = 15". The distribution width (u2/(r)2) and 0 
dependence of (Rh) are also listed in Table 1. After 
dilution, the microemulsion is still narrowly distributed 
and there is no angular dependence of (Rh) since the 
droplet is very small. A comparison of Figures 1 and 2 
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Figure 3. Swelling kinetics of the AOT micelle after T 
abruptly changed from 35 to 25 "C, where C = 1.50 x 
g/mL and w = 23: (0) the HzO(PN1PAM)lAOTln-hexane 
microemulsion; (0) the HzO/AOT/n-hexane microemulsion. 

shows that (Rh) decreases dramatically when C changes 
from 0.150 g/mL to  1.50 x g/mL. Therefore, (Rh) 
shown in Figure 1 is apparent. This is exactly why we 
have to study a very dilute microemulsion. Figure 2 
shows that in the range of 25 "C I T I 28 "C (Rh) is 
nearly independent of T, which fits the second explana- 
tion because in a very dilute microemulsion the tail/ 
tail interaction between two droplets is so rare that the 
temperature increase cannot induce aggregation. When 
T > 28 "C, (Rh) decreases as temperature increases and 
finally approaches to a constant value of 2.35 nm which 
is close to the radius of the AOT micelle in pure 
n-hexane. The sharp decrease in (Rh) in the range of 
30 "C < T < 31.5 "C might be attributed to the following 
two reasons. On the one hand, as temperature in- 
creases, hexane molecules near the hydrophobic tail of 
AOT would be less oriented because of the higher 
thermal energy. In order to stabilize the microemulsion 
droplets, some water molecules have to be released into 
the bulk oil phase so that the total surface area of the 
droplets will reduce and the AOT concentration on the 
surface of the water core can be maintained. On the 
other hand, when T approaches the LCST (-31 "C) of 
PNIPAM in water, the PNIPAM chain will collapse into 
a globule.32 As a stabilizer, the PNIPAM globule will 
lose its cosurfactant role. This is why Rh decreases 
much fast in the range of 30-31.5 "C. 

To verify this stabilizing or cosurfactant effect of 
PNIPAM, we prepared a HzO/AOT/n-hexane micro- 
emulsion with an identical waterlAOT molar ratio of w 
= 23 and dispersed-phase concentration of C = 1.50 x 

g/mL, but without PNIPAM. In fact, such a HzOl 
AOTln-hexane microemulsion was thermodynamically 
unstable. (Rh) of the freshly prepared HzOIAOTln- 
hexane microemulsion is 3.61 nm at T = 25 "C. At T = 
35 "C, (Rh) decreased to  2.36 nm close to the radius of 
the AOT micelle in pure n-hexane. In Figure 2, the 
H20( PNIPAM)/AOTln-hexane microemulsion has a simi- 
lar (Rh) at  T = 35 "C. However, the stability of the 
microemulsion with pr without PNIPAM is much dif- 
ferent. To demonstrate this difference, we first heated 
both of the microemulsions to 35 "C and then quenched 
them from 35 to 25 "C. (Rh) was measured as a function 
of time (t). 

Figure 3 shows a plot of (Rh) vs t for the HzO- 
(PN1PAM)lAOTln-hexane (0) and HzOlAOTln-hexane 
(0) microemulsions a t  C = 1.50 x g/mL and T = 
25 "C. For both of the microemulsions (Rh) increases 
with time after T drops from 35 to 25 "C. This clearly 
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Figure 4. C dependence of the average hydrodynamic radius 
(&), where w = 23 and T = 25 "C: (0) the H&(PNIPAM)/ 
AOTln-hexane microemulsion; and (0) the HzOlAOTln-hexane 
microemulsion. 

indicates that the AOT micelle was gradually swollen 
again by water at 25 "C. In first 2 h, the swelling was 
fast and then the swelling slowed down at a longer t. 
After 25 h, the H20(PNIPAM)/AOT/n-hexane micro- 
emulsion reached its stable state and (&) is the same 
as before the heating. In contrast, (&) of the H20/AOT/ 
n-hexane microemulsion only approaches 3.10 nm, other 
than its original 3.61 nm. This indicates that the 
heating and cooling process has brought the H20/AOT/ 
n-hexane microemulsion an irreversible change. In 
other words, this path dependence of (Rh) shows that 
the dilute HzOIAOTln-hexane microemulsion without 
PNIPAM is thermodynamically unstable at C = 1.50 x 
10-3 g/mL. 

Figure 4 shows the C dependence Of (Rh) for the H2O- 
(PNIPAM )/AOT/n -hexane (0) and H20/AOT/n -hexane 
(0) microemulsions, where T = 25 " C and 8 = 15". 
Without PNIPAM, (Rh) is independent of C as long as 
C L 4.5 x lop3 g/mL, but (Rh) drops with dilution when 
C 4.5 x g/mL. This C dependence of (Rh) is 
similar to those in the H20/AOT/decane14 and H20/AOT/ 
isooctane30 microemulsions. The decrease of (Rh) with 
dilution in a ternary system has been attributed to the 
phase ~epara t i0n . l~  In contrast, with PNIPAM (Rh) is 
larger than that without PNIPAM at the same concen- 
tration, and the decrease of (Rh) with dilution is linear. 
The introduction of PNIPAM in the water core stabilizes 
the water-in-oil microemulsion in the very dilute region. 
The slow and linear decrease of (Rh) with dilution can 
be explained in terms of the attractive interaction 
between the droplets. At a finite concentration, the 
attractive interaction will slow down the droplet's 
diffusivity, which leads to a larger apparent (Rh). On 
the basis of eq 4, the extrapolation of (r/q2) vs C to 
infinite dilution leads to a value of (D)c-o = 1.75 x 
cm2/s and k d  = -33 mug.  From (D)C-O, we were able 
to calculate the true hydrodynamic radius of (Rh) = 4.17 
nm. 

Figure 5 shows the scattering intensity (I) as a 
function of concentration ( C )  for the HzO(PNIPAM)/ 
AOTln-hexane (0) and HzOIAOTln-hexane (0) micro- 
emulsions, where 8 = 15" and T = 25 "C. In this dilute 
region of 1.50 x (g/mL), the 
scattering intensity increases linearly with concentra- 
tion, which is consistent with the results in ref 9. The 
scattering intensity of the microemulsion with PNIPAM 
is higher than that of the microemulsion without 
PNIPAM under the same conditions. This intensity 
difference (AI) can be attributed to the light scattered 
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Figure 5. C dependence of scattering intensity (I), where w 
= 23, and T = 25 "C: (0) the HzO(PN1PAM)lAOTln-hexane 
microemulsion; (0) the HzOlAOTln-hexane microemulsion. 
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Figure 6. Typical Zimm plot of the HzO(PNIPAM)/AOT/~- 
hexane microemulsion, where T = 25 "C and 1.50 x g/mL 
5 C I 6.00 x g/mL. 

by PNIPAM molecules (M,  = 6000) inside the water 
core. The increase of AI with C is due to the fact that 
the amount of PNIPAM in the H20(PNIPAM)/AOT/n- 
hexane microemulsion increases with C .  The formation 
of a series of stable dilute HzO(PNIPAM)IAOT/n-hexane 
microemulsions enabled us to study it by static LLS. 

Figure 6 shows a typical Zimm plot of the H2O- 
(PNIPAM)/AOT/n-hexane microemulsion, where w = 23, 
T = 25 "C, and C ranges from 1.50 x t o  6.00 x 
loW3 g/mL. On the basis of eq 1, we were able to 
calculate M ,  = 7.80 x lo4 from the extrapolation of [HC/ 
R, (B)~S-O,C-O and A2 = -7.95 x mol.ml/g2 from 
[HCIR, (8)le-0 vs C. The size of the droplet is so small 
that an accurate (Rg) cannot be measured. I t  should be 
noted that, in static LLS, AR(8) = [I(solution) - I- 
(solvent)]. In a water-in-oil microemulsion, I(so1ution) 
includes the contributions from the water core, oil, and 
surfactant. Since we have used a mixture of oil and AOT 
as the reference solvent, AR(8) in Figure 6 represents the 
net light intensity scattered only from the water core; 
namely, the influence of AOT in the microemulsion has 
been experimentally compensated. Here, M ,  is the 
weight-average mass of the water core. The negative 
A2 indicates that n-hexane is a poor solvent even though 
the droplets are protected with AOT and stabilized by 
PNIPAM. The negative A2 in static LLS agrees well 
with the negative k d  in dynamic LLs according to eq 5. 
The change of [HC/R,(B)]~o vs C agrees well with the 
static structure factor S(@) vs the dispersed-phase 
volume fraction 4 obtained by Dozier et a1.12 Their 
results also showed a negative virial coefficient and a 
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Figure 7. Schematic of a spherical core-shell stpAural 
model for the H~O(F'NIPAMYAOT/n-hexe microemulsion. 

h e a r  dependence of S(@) on @ when the microemulsion 
is dilute. 

Figure 7 shows a spherical core-shell model for the 
water-in-oil microemulsion. On the one hand, for the 
narrowly distributed microemulsion droplets, M, ob- 
tained in Figure 6 can lead to an average radius ((R,)) 
of the water core by using M ,  = 4/3 zR2eNA, where e is 
the water density (-1.0 g/cm3). On the other hand, we 
know that (Rh)c-o = 4.17 nm in Figure 4. The differ- 
ence between (Rh) and (R,) is the surfactant shell 
thickness (b), i.e., b = (Rh) - (Re) = 4.17-3.07 = 1.10 
nm which is very close to the length of an AOT molecule 
(-1.2 nm) calculated from ita known chemical struc- 
ture.33 

Conclusions 
Poly(N-isopropylauylamide) (PNIPAM) can be po- 

lymerized inside the small water droplets in a water- 
in-oil miememulsion. The introduction of PNIPAM can 
stabilize the microemulsion. Therefore, we were able 
to prepare a series of dilute HzOIAOTln-hexane micro- 
emulsions in the range of 1.50 x g/mL s C s 7.50 
x g/mL. The laser light scattering (LLS) results 
showed that the HzOlAOTln-hexane mimemulsion with 
PNIPAM is thermodynamically stable even at a very 
dilute dispersed-phase concentration (-1 x g/mL), 
while the mimemulsion without PNIPAM is unstable 
under the same conditions. When the microemulsion 
is dilute, such as C = 1.50 x g/mL, the average 
hydrodynamic radius (R,,) of the droplets decreases as 
temperature increases, while at a higher concentration 
of c = 0.150 g/mL, (Rh) increases with temperature. 
This reflects a stronger interaction among the droplets 
in the microemulsion if the concentration is high. 
Therefore, all parameters obtained from a concentrated 
microemulsion should be apparent. The conclusions 
based on these apparent parameters in the past should 
be reexamined. A combination of (Rh) from dynamic 
LLS and Mw from statis LLS enabled us to determine 
the thickness (b)  of the surfactant shell to be -1.1 nm 
which is very close to the length of a AOT molecule. This 
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suggests that the structure of the H20(PNIPAMXAOT/ 
n-hexane microemulsion can be modeled as a spherical 
core-shell model, wherein the water core is coated with 
only one monolayer of AOT molecules standing on the 
surface of the water core. 
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