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ABSTRACT 

We study dynamic and structure of nano-droplets of AOT/water/oil microemulsion with different oils at water/AOT 
molar ratio of 6.7. Photon correlation spectroscopy is used to study collective diffusion coefficient of nano-droplets at 
AOT microemulsion with decane and cyclohexane. The collective diffusion coefficient of nanodroples is increasing 
with change of oil from decane to cyclohexane. The structure of AOT microemulsion with decane and cyclohexane is 
founded with SAXS. Our results show, nano-droplets of AOT microemulsion with decane at X = 6.7 have cylindrical 
structure and AOT microemulsion with cyclohexane at X = 6.7 have spherical structure. 
 
Keywords: Nano-Size; Droplet; Microemulsions; Photon Correlation Spectroscopy; SAXS; Diffusion 

1. Introduction 

One of the interesting topics in the soft matter physics is 
study of dynamic of nano-droplets inside of microemulsion. 
In general, shape and size of nanodroplets are depends to 
the solutions of microemulsion, for example using the 
different oil can change the structure of nano-droplets. 
Microemulsions are thermodynamically stable mixtures 
of water, oil and surfactant with nano-meter size of droplets 
and oil is usually a hydrocarbon or a solution of a solute 
in a hydrocarbon [1-4]. The microemulsions have several 
application, they can be used to deliver drugs to the 
patients via several routes [5,6]. The anionic surfactant 
Aerosol OT (sodium bis-(2-ethylhexyl) sulfosuccinate, 
AOT) together with water and oil readily forms ternary 
microemulsions [7,8]. The AOT microemulsion at X = 
6.7 show a single water-in-oil (L2) phase at the room 
temperature. The composition of each system is determined 
by the molar ratio X of water to surfactant molecules, X = 
[H2O]/[AOT] and the droplet mass fraction mf = 
(mAOT+mH2O)/(mAOT+mH2O+mDec) Which varies 
by the respective mass of the components water (mH2O), 
decane (mDec), and AOT. 

Brownian motion is a subject of renewed interest since 
the development of photon correlation spectroscopy (PCS) 
in the last decade [9]. The dynamic properties of micro- 
emulsions and colloidal systems are studied by measuring  

the relaxation of concentration fluctuations [9]. The study 
of the collective diffusion coefficient of microemulsion 
does give information on the interaction between droplets, 
[10]. A study shown, for AOT/H2O/ Decane micro- 
emulsion, at the low droplet mass fractions (0.01 < mf < 
0.1 transition from dilute to semi-dilute regime) and molar 
ratio of 40 the collective diffusion coefficient has a linear 
function of the mass fraction [10-12]. In the present work, 
we studied the behavior of the collective diffusion coeffi- 
cient at the AOT microemulsion with decane and cyclo- 
hexane at molar ratio of 6.7 by photon correlation spec- 
troscopy (PCS) and SAXS techniques. 

2. Experimental 

2.1. Materials 

The microemulsions were prepared by mixing of surfac- 
tants AOT, H2O, and oil (Decane and Cyclohexane) 
waiting for several minutes until the samples were single 
phase and optically clear. Sodium-2-diethylhexyl sulfo- 
succinate, or AOT 99% (an Alfa product) and Decane 
99% (Aldrich) and Cyclohexane was obtained from 
Sigma-Aldrich. The composition of the AOT/H2O/Oil 
microemulsion is given by the two parameters X and mf. 

The experimental solutions were prepared by weight- 
ing appropriate amounts of AOT dissolving in decane or 
Cyclohexane and adding water into the solution. Finally, *Corresponding authors. 
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all samples were filtered by using 0.2-pm Teflon filters 
(Gelman). 

2.2. Methods 

2.2.1. Small Angel X-Ray Scattering 
The measurements were performed on the modified 
NanoSTAR SAXS at the University of Aarhus. The in- 
strument is a modified version of commercially available 
SAXS equipment (Bruker AXS). It is optimized with 
respect to flux and background and therefore ideally 
suited for solution scattering. The instrument uses a ro- 
tating anode X-ray source and is equipped with multi- 
layer parabolic Gobel mirrors. The configuration of the 
instrument in the high-resolution configuration provides a 
range of scattering vector moduli q from 0.004 to 0.22 
Å-1 with a flux of 106 photons per second. The sample 
to detector distance was 106.70 cm. The high-resolution 
version uses small pinholes (0.5 mm L of source pinhole, 
0.15 mm L of defining pinhole, and 0.5 mm L of the an- 
tiscatter pinhole in front of the sample) and a small 
beamstop (2.0 mm L). It can thus reach smaller values of 
the scattering vector. The sample was held in a 1 mm 
glass capillary at T = 293.15 K. 

2.2.2. Photon Correlation Spectroscopy 
Dynamic light scattering measurements were performed 
on filtered samples using Malvern photon correlation 
spectroscopy instrument at Ferdowsi University of Mash- 
had. The light source is a HeNe-laser, operating at a 
wavelength of 632.8 nm, with vertically polarized light. 
The beam was focused on the sample cell (10-mm glass 
tubes) through a temperature-controlled cylindrical quartz 
container (with two plane-parallel windows), which is 
filled with a refractive index matching liquid (toluene). 
The temperature was kept at 293.15 K with an accuracy 
of ±0.1 K during the experiments. The scattering angle θ 
was varied from 50˚ to 110˚ with 10˚ increments, cor- 
responding to a range of scattering wave vectors (q) be- 
tween 1.2 × 107 and 2.3 × 107 m–1. 

4π
sin

2

nq 


                  (1) 

where n is the refractive index of the solvent, λ is the 
wavelength of the laser or x-ray, and θ is the scattering 
angle. 

3. Results and Discussion 

3.1. Photon Correlation Spectroscopy 

Microemulsions were formulated by mixing AOT with 
water and n-Decane or cyclohexane at the fixed molar 
ratio of water to AOT (X = 6.7) at the different mass 
fraction (0.01 < mf < 0.07 dilute regime). Dynamic be- 

havior of the AOT/H2O/Decane or AOT/H2O/Cyclo- 
hexane microemulsion was probed with photon correlation 
spectroscopy methods. The correlation function showed a 
single exponential decay at all concentrations, Figure 1 
and Figure 2. In the photon correlation spectroscopy ex- 
periments, the normalized intensity time correlation func- 
tion g2(q, t) was measured [13,14], 
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where I(q, t) is the scattered intensity at a given q and 
time t. The g2(q, t) function is related to the normalized 
electrical field correlation function g1(q, t) by the Siegert 
relation assuming that the system is an ergodic media  
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Figure 1. Correlation function as function of delay time of 
AOT/H2O/Decane microemulsion at X = 6.7 with different 
mass fraction. All data of the correlation functions as 
function of delay time show a single stretched exponential 
function, at 293.15 K. 
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Figure 2. Correlation function as function of delay time of 
AOT/H2O/Cyclohexane microemulsion at X = 6.7 with dif- 
ferent mass fraction. All data of the correlation functions as 
function of delay time show a single stretched exponential 
function, at 293.15 K. 
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where B is the coherence factor of the equipment. All the 
correlation functions in this work were fitted by a single 
stretched exponential function [15]. 

 1 exp
tg t
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The stretched exponential function describes the decay 
processes that have a distribution of relaxation times (). 
The parameter β (0 ≤ β ≤ 1) measures the width of the 
distribution function. The results of the correlation func- 
tion as function of delay time for AOT/H2O/Decane at X = 
6.7 at different mass fraction shown in the Figure 1. The 
correlation function as function of delay time for AOT/ 
H2O/Cyclohexane at X = 6.7 is presented in the Figure 
2. 

The mean value of the relaxation time is given by 

0
1

exp d
t t
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where Γ is the gamma function. Where the collective 
diffusion coefficient is calculated from Dc = 1/(q2<τ>). All 
the correlation functions in this work were fitted by a sin-
gle stretched exponential function, Equation (4). The col- 
lective diffusion coefficient Dc were extracted as the 
function of the droplet mass fraction and illustrated in 
Figure 3. The collective diffusion coefficient measure-
ments were carried out on dilution series of microemulsion 
samples at fixed temperature 293.15 K and molar ratio 
6.7. In the Figure 3, the collective diffusion coefficient 
show a liner behavior with negative slop between 0.01 < 
mf < 0.07. The light scattering experiments revealed that 
the collective diffusion coefficient of the system de-
creases with increasing droplet mass fraction, which indi-
cates the attractive interactions between droplets. 
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Figure 3. the collective diffusion coefficient as a function of 
mass fraction for AOT/H2O/Decane microemulsion at X = 
6.7 with different mass fraction (cubic) and AOT/H2O/ 
Cyclohexane microemulsion at X = 6.7 with different mass 
fraction (Up triangle) at the temperature 293.15K. 

3.2. Small Angle X-Ray Scattering 

In this work, SAXS was used for the determination of the 
structure of AOT/H2O/Decane and AOT/H2O/Cyclo- 
hexane microemulsion at 293.15 K. The scattered inten- 
sity as a function of q for AOT/H2O/Decane and AOT/ 
H2O/Cyclohexane with molar ration 6.7 and mass frac- 
tions 0.1 were collected for these experiments is presented 
in the Figure 4, which the lines are fits to a power law, 
I(q) ≈ q – 1, with properties of a cylindrical object. At 
small q, the Guinier’s law, I(q) ≈ exp(–(qξ)2/3), is used 
for analyzing the data, where ξ is a correlation length. 

Results show that the correlation length (ξ) is changing 
from 45Å to 23Å and cylindrical to spherical transition 
with changing oil from decane to cyclohexane. We know 
that spherical droplet with lower size can diffusion better 
that the cylindrical shape with bigger size. So, the change 
of size and shape can describe the different between the 
collective diffusion coefficient at AOT/H2O/Decane and 
AOT/H2O/Cyclohexane microemulsion. For analyzing 
the data, we applied a model for a mixture of core-shell 
spheres with an added depletion attraction due to dis- 
solved non-adsorbing polymer. The scattering intensity 
as function of the scattering vector I(q) of spherical, 
monodisperse particles can be describe with a form fac- 
tor component F(q), which is proportional to the scatter- 
ing of a single particle, and a structure factor S(q), which 
describes the interaction effect:  

     2I q cF q S q                (6) 

c being a prefactor, which contains the number density of 
scattering particles. For the general case of n shells around 
a spherical droplet core the form factor reads. 
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Figure 4. SAXS intensity I(q) of a AOT/H2O/Decane and 
AOT/H2O/Cyclohexane microemulsion at X = 6.7. The red 
line is the I(q) ≈ q – 1 that shown cylinder behavior of the 
SAXS experiments and dot line at low q is the fit of 
Guinier’s law, I(q) ≈ exp(–(qξ)2/3). line is the I(q) ≈ q – 1 that 
shown cylinder behavior of the SAXS experiments and dot 
line at low q is the fit of Guinier’s law, I(q) ≈ exp(–(qξ)2/3). 
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where Ri is the radius of the ith shell or, respectively, the 
core R0 and ∆ρi is the electron density contrast between 
the shells i and i + 1 with ρn + 1 and ρ0 being the electron 
density of the solvent and the core, respectively. So, for a 
simple core-shell micelle n = 1. The structure factor is the 
Fourier transform of the pair correlation function g(r). 

      2
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The pair correlation function gives the probability to 
find another particle at a distance r from the center of a 
given particle, relative to the probability to find a particle 
at this distance in an ideal gas. It is closely related to the 
total correlation function h(r) = g(r) − 1 and it can by 
means of the Ornstein-Zernike equation [16,17]. The 
results of the fit of SAXS experiment with hard sphere 
model and hard sphere model with core radius 25 and 
core-shell radius 30 with polydispersity 0.19 are pre- 
sented in the Figure 5. 

4. Conclusion 

In this work, we found the collective diffusion coefficient 
of nano-droplets at AOT/H2O/cyclohexane is higher than 
AOT/H2O/Decane microemulsion at same molar ratio 6.7. 
Small-angle X-ray scattering measurements revealed that 
shape of nano-droplets at AOT/H2O/decane microemul- 
sions change from cylindrical to spherical with change 
oil to cyclohexane. The increase of collective diffusion 
coefficient of nano-droplets at AOT/H2O/cyclohexane in- 
stead of AOT/H2O/Decane can be describe with spherical 
shape of AOT/H2O/cyclohexane instead of cylindrical 
shape of AOT/H2O/Decane. 
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Figure 5. The SAXS intensity I(q) of a AOT/H2O/Decane 
and AOT/H2O/Cyclohexane microemulsion at X = 6.7. The 
red line is the analyzing data with hard sphere model with 
core radius 25 and core-shell radius 30 with polydispersity 
0.19. 
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