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ABSTRACT 

The mixture of C12E5 microemulsion with PEG have been studied by small-angle X-ray scattering and dynamic light 
scattering in order to determine structure and dynamic of the system. Light scattering experiment shown an exponential 
relaxation for pure C12E5 microemulsion that with increasing of PEG concentration in the C12E5 microemulsion, re-
laxation becomes non-exponential, which demonstrates that increase of cooperativity. The study structure of the system 
with SAXS experiment, shown with increasing of PEG concentration, the size of the droplet doesn’t change but interac-
tion between droplets increases that have agreement with light scattering data’s. 
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1. Introduction 
One of the interesting topic in the soft matter physics is 
mixture of microemulsion with polymer and study de-
pletion interaction between droplets of microemulsion 
that induced by polymer. The depletion phenomena 
play an important role in many industrial and biologi-
cal applications. The study of the depletion interaction 
is important because of the some phenomena that it can 
produce with this effect. It is well known that depletion 
interaction can make phase separation in the colloidal 
dispersions [1], protein crystallization and the helical 
conformation of long molecular chains [2-4]. In the 
mixture of non-adsorbing polymer with microemulsion, 
near the surfaces of droplets, there exists a depletion 
volume usually characterized by a depletion layer 
thickness [5-8]. Ternary microemulsions, consisting of 
water, decane, and nonionic surfactant, pentaethylene 
glycol dodecyl ether (C12E5), have been well charac-
terized by many researchers, [9-11]. These systems 
form an oil-in-water droplet microemulsion, a lamellar 
structure, a bi-continuous microemulsion, or a hexago- 
nal structure depending on the concentration and tem-
perature. The thermodynamic properties of the nonio- 
nic microemulsion with the C12E5 at a constant surfac-
tant-to-oil weight ratio of 1.08 had been studied exten-
sively, and the system is well characterized. The C12E5 
microemulsion at this weight ratio have between 24 C 

to 30 C shown a L1 phase and phase tradition change 
with add polymer to the microemulsion. Dynamic and 
structure study of this system showed a single relaxa-
tion and well-defined spherical oil droplets with hy-
drocarbon radius 75 Å and low polydispersity [12]. In 
this work, the effects of increasing of nonadsorbing 
polymer, polyethylene glycol (PEG), on the structure 
and relaxation of droplet of nanionic microemulsions 
(C12E5 microemulsions) is studied with SAXS and light 
scattering. The viscosity and light scattering of the 
mixture of PEG with C12E5 microemulsion was studied 
and analyzed within polymer depletion theory, [13]. In 
that studied, dilution viscometry and dynamic light 
scattering were used to confirm that these microemul-
sions behave as hardsphere dispersions. However, the 
system is different to ours with respect to the molecular 
weight of the polyethylene glycol. 

2. Experiment  

Materials and Istruments  
The Pentaethylene glycol monododecyl ether (C12E5), n- 
decane and polyethylene glycol (PEG) (Mn = 2200) were 
obtained from Sigma-Aldrich. Chemicals were used as 
received and MilliQ water was used in preparing all 
samples. The bottles of C12E5, which are hermetically 
sealed, have always been stored in a refrigerator well 
below the melting point (23˚C). After a container was 
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opened, the surfactant was stored in a nitrogen environ-
ment; it was still found that the surfactant did not remain 
stable for more than a month. The samples were prepared 
by mixing the components directly in glass a ampoule in 
order to minimize the number of transfers and the glass 
ampoules were tightly sealed with a gas flame. The mi-
croemulsions were prepared by weight, in terms of sur-
factant-oil mass ratio of 1.08 and the mass fraction of 
droplets (mf, drop = (mDec + mC12E5)/(mTotal)), which 
varies by the respective mass of n-decane (mDec), C12E5 
(mC12E5) and total sample mass (mTota). The microe-
mulsions are thermodynamically stable dispersions in 
oil-in-water (O/W) droplets surrounded by a surfactant 
film: For these O/W microemulsions, it has been shown 
that the microemulsion phase (L1) is well-modeled as a 
dispersion of hard-sphere particles. In all experiments, 
the mass ratio of surfactant to the oil is constant and with 
a hydrocarbon core radius of 75 Å over a wide range of 
droplet concentrations, when the system is near the limit 
of maximum oil solubilization. The samples of microe-
mulsions with polymer were prepared by weight in the 
terms of the mass fraction of triblock polymer (mf, poly 
= mpoly/(mTotal)) that mpoly is the mass of polymer in 
the sample. The mixed samples were prepared at a con-
stant mass fraction of droplets (mf, drop = 0.1) and a 
surfactant-oil mass ratio of 1.08 with the different mass 
fractions of polymer. The samples were thoroughly sha- 
ken to ensure homogenization and then kept at the tem-
perature 26˚C in a water bath for several days before the 
experiment. We observed that all samples were trans-
parent at 26˚C. 

Small-angle X-ray scattering (SAXS) measurements 
were performed using the pinhole SAXS instrument at 
the University of Aarhus. The instrument consists of an 
X-ray camera (NanoSTAR, Bruker AXS) with a rotating 
anode X-ray (Cu Ka radiation) source, crosscoupled 
Gobel mirrors, collimation using three pinholes and an 
evacuated beam path, and a 2D position-sensitive gas 
detector (HiSTAR). The experiments were done at a 
fixed wavelength of 1.54 Å and two different sam-
ple-detector distances. In the current experiments small 
pinholes were used, giving a range of scattering vectors 
as 0.001 < Q (1/Å) < 0.2, where q is the wave vector. 
Samples were held in 1 mm quartz capillaries and meas-
urements were made at room temperature. The scattering 
from capillaries was measured as background and was 
subtracted to yield the excess scattering as a function of 
Q for microemulsion samples. DLS measurements were 
performed using an ALV single-detector version com-
pact goniometer system, from ALV-GmbH, Langen, 
Germany. The light source is a He-Ne laser, 

Operating at a wavelength of 632.8 nm, with vertically 
polarized light. The beam was focused on the sample cell 

through a temperature-controlled cylindrical quartz con-
tainer (with two plane-parallel windows), which is filled 
with a refractive index matching liquid (toluene). All the 
correlation functions in this work were fitted by a single 
stretched exponential function.  
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The stretched exponential function describes the decay 
processes that have a distribution of relaxation times ( ). 
The parameter  0  1   measures the width of the 
distribution function. A smaller β value corresponds to a 
broader distribution of relaxation times or more coopera-
tive movement [14-16]. The mean value of the relaxation 
time is given by 
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Where   is the gamma function and the collective 
diffusion constant [17-21] was calculated through 

21/cD q  . 

3. Results and discussion.  

Figure 1 shows time correlation function data (at a scat-
tering angle of 90˚) for polymer mass fraction of 0.027. 
The decay of the time correlation function shows a single 
relaxation that can be well described by Equation (1) for 
all the samples at 26˚C. The fittings of the correlation 
functions for the pure microemulsion show that the size 
distribution of the particles is not changing by changing 
the droplet mass fraction and also has rather narrow (   
= 0.98), Figure 2. The value of β, for mixed polymer and 
microemulsion is slightly lower than pure microemulsion, 
which demonstrates that either the polydispersity or co-
operativity [16] of the mixed system is practically in-
creases by the addition of polymer (Figure 2). In addi-
tion Figure 2, illustrates that is increasing by decreasing 
the mass fraction of droplet and for the lowest droplet 
mass fraction the value of virtually is not affected the 
addition of polymer. The size of microemulsion in the 
presence of non-adsorbing polymer is expected to be 
constant [13,19] so decreasing of   value can be the 
contribution of cooperative movement due to the deple-
tion effect. At the lower droplet mass fraction, with the 
increase of polymer amount the   decrease less sig-
nificantly compare the pure microemulsion. So, decreas-
ing   value in lower droplet mass fraction can be ra-
tionalized by decreasing depletion effect. It is obvious 
from Figure 3 that the diffusion decreases monotonously 
with increasing PEG concentration for all systems, and is 
lower for the higher mass fraction of the polymer. More-  
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Figure 1. The first-order field correlation function versus 
time for C12E5 microemulsion at a droplet mass fraction of 
0.098 and polymer mass fraction of 0.027 at the tempera-
ture 26˚C. 

 

Figure 2. The β  value of the mixtures of C12 E5 microe-
mulsion for different polymer mass fractions (mf,poly = 0, 
0.015▲, 0.022, 0.027▼), versus the mass fraction of 
droplets at temperature 26˚C. 

over the general trend depicted in Figure 3 is that the 
adding increase amount of PEG the slop of collective 
diffusion verse droplet mass fraction and the intercept 
(the dilute-limiting value of diffusion) decreases. This 
trend is attributed to the change of interaction between 
microemulsions from repulsion to the attractive interac-
tion [20]. This is a typical behavior that has been re-
ported elsewhere for the mixture of the C12E5 microe-
mulsion and PEG, [13]. 

The structure of the C12E5 microemulsions at the dif-
ferent concentrations of droplets (oil and surfactant) has 
previously been studied by SAXS and small-angle neu-
tron scattering in the L1 phase of the microemulsion, 
[14-16]. A studied has shown hard-sphere behaviors’ that  

 

Figure 3. The diffusion coefficient of the mixtures of C12E5 
microemulsion with different polymer mass fractions 
(mf,poly = 0, 0.015, 0.022▲, 0.027▼), versus the mass 
fraction of droplets at temperature 26˚C. 

it well-modeled as core-shell particles for a surfactant-to- 
oil mass ratio of 1.08 at a temperature 25˚C, [14]. In the 
present work, the variation of structure of the C12E5 mi-
croemulsion under addition of the PEG is investigated by 
SAXS. The generalized indirect Fourier transformation 
(GIFT) method with a structure factor for a model of 
monodisperse spheres with an attractive depletion poten-
tial is applied to the SAXS data, [22-25]. 

We used GIFT program for analysis SAXS experi-
ments and we present results of this analysis in the Table 
1. Our results show that size of the droplet at C12E5 mi-
croemulsion is 85 Å that it is in agreement with previous 
results, [14], and the size ratio of polymer to droplet 
change from 0.3 to 0.5 with increasing polymer mass 
fraction. Figure 4, shows the SAXS data for the effect of 
PEG concentration on C12E5 microemulsion at the con-
stant droplet mass fraction (0.098) and constant mass 
ratio of oil to surfactant (1.08). The red line is the fit by 
the depletion model using the GIFT method. The struc-
ture factor derived by this approach from the SAXS data 
using the depletion model shows a peak at q = 0.034 Å. 
This peak does not change with the PEG concentration, 
however, the value of the structure factor at q = 0 in-
creases with increasing of PEG concentration, Figure 5. 

The pure microemulsion, S(Q) as a function of Q has a 
peak around Q = 0.036 Å and shows a single broad in-
terference peak. Under addition of the PEG a strong 
change of the first interference peak together with the 
development of a second order peak is clearly observed. 
Moreover, a significant decrease of the full width with 
increasing PEG is evident, indicating the increase of or-
der with increasing content of polymer. The peak loca-
tion carries information about the mean intermicellar dis-  
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Figure 4. The SAXS experiment of the mixture of C12 E5 
microemulsion at a constant droplet mass fraction (0.098) 
and mDec/mC12E5 = 1.08 with different concentration of PEG 
(mf,pol = 0.015, 0.022▲, 0.027). The red line is the fit 
with the attractive monodisperse spheres with q depletion 
potential obtained by the GIFT method. 

 

Figure 5. Structure factor as a function of q for different 
mass fraction of PEG (mf,pol = 0.015, 0.022▲, 0.027) 
mixed with C12E5 microemulsions at constant mass fraction 
of droplet (0.098) and mDec/mC12E5 = 1.08. The insert shows 
the structure factor value at the origin (q = 0) as a function 
of polymer mass fraction. 

Table 1. Evaluation parameters for fit data with attractive 
monodisperse spheres with depletion potential. 

Droplet Mass fraction Polymer Mass fraction Droplet Radious (Å) 

0.098 0.015 85 0.5
0.098 0.022 85 0.4
0.098 0.027 85 0.3

 
tance and the sharpness of the peak about the fluctuations 
around this mean distance, which in turn is dictated by 

the micellar interaction potential. Hence, the develop-
ment of a rather sharp peak in S(Q) up on polymer addi-
tion shows that the micellar ordering is enhanced and the 
polydispersity increase with add PEG to the systems. 

The SAXS experiment on the mixture of microemul-
sion with several polymer systems studied before. A 
study on the mixture of stearate-polyethylene oxide- 
stearate triblock copolymer and C12E5 microemulsion 
shown that the addition of physically cross-linking trib- 
lock copolymer leads to an enhancement of the order 
between the spherical micelles, [11], increase of the net-
work decrease dynamic of the systems. The same results 
that we can find in the mixture of Hydrophobically End- 
Capped Poly (ethylene oxide) with C12E5 microemulsion, 
[12]. In the mixture of PEG with C12E5 microemulsion, 
PEG cannot increase the order in the microemulsion, 
because of the non-adsorbing origin of it, but it can in-
crease the interaction between the droplets, it is clear 
from light scattering experiments, Figure 3. So, the best 
model for the describe the effect of PEG on the C12E5 
microemulsion is an attractive sphere model with deple-
tion potential. Å 

4. Conclusions  

Small-angle X-ray scattering and dynamic light scatter-
ing have been used to study the mixture of C12E5 with 
PEG. Our results show the stretched exponential function 
decrease in   from 0.98 to 0.92 with increase of mass 
fraction of the droplet that this behavior is the same for 
all the PEG concentration in the C12E5 microemulsion 
which demonstrates increase of the cooperativity be-
tween droplets, more ever the study of the C12E5 mi-
croemulsion at different droplet mass fraction shows a 
repulsive behavior that with increase of concentration of 
PEG on the C12E5 microemulsion, system become attrac-
tive. We used an attractive monodisperse sphere model 
and polydisperse hard sphere model with size polydis-
persity governed by a Schulz distribution to analyzing 
the SAXS data of mixture of PEG with C12E5 microe-
mulsion, first model demonstrates a increase of interac-
tion between droplet with increase of the PEG concentra-
tion and second model demonstrates a increase of order 
in the mixture of PEG with C12E5 microemulsion. How-
ever, according to the DLS results, the model is more 
likely to be the right model. 
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