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Abstract: Microemulsion is a widely used technique for preparing nanoparticles. The droplet size in stable microemulsions is a key
parameter for limiting the size and shape of the formed nanoparticles. In this paper, the stable microemulsions were synthesized by two titration
methods, the water titration method and the co-surfactant titration. Six reagents with different HLB were used as surfactants, including Span-80,
E-1302, EL-10, MOA-9, Triton X-114 and OP-10. Quasi ternary phase diagrams of O/W and W/O microemusions with different surfactants
were established according to the composition of surfactant, co-surfactant, oil and water. The size of the microemulsions droplets was
characterized by using Zetasizer Nano S90. Within the stable micromulsions region, the droplet size was systemically controlled from 1 nm to
120 nm by changing different surfactants and controlling the quality ratio of components. A complex dependence of the droplet size on the
water to surfactant ratio and the co-surfactant to surfactant ratio was established. In the stable microemulsions region, the droplets size
increases dramatically with increased the water to surfactant ratio and the larger droplet size is obtained with increasing the co-surfactant
amount.
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1. Introduction
Microemulsions have wide applications in the
nanomaterials [1, 2], surface science [3], magnetic field [4],
cosmetic [5, 6], pharmaceutical industries [7, 8], and so on.
Microemulsions are thermodynamically stable colloidal
dispersions of two immiscible liquids (typically water and oil)
that coexist in one phase due to the presence of surfactant and
co-surfactant molecules with balanced hydrophilic-lipophilic
properties [9]. The successful preparation of the
microemulsions has a strict requirement for the proportions of
the ingredients, whereas the selection and design of the
microemulsions composition is complex, time-consuming and
unpredictable. Owing to the different compositions having
different stable ranges of the microemulsions system, it is
necessary to study the stability region of the microemulsions
system for the wider use [10].
Microemulsion is a widely used technique for preparing
nanoparticles with better control of size, shape and size

distribution [11-14]. In the presence of surfactants, stable
microemusions consisting of nanometer-sized H2O droplets
dispersed in oil or nanometer-sized oil droplets dispersed in
water. As a consequence, the droplet can act as a small reactor
to confine the nuclei growth and hinder inter-gain
agglomeration. The size of the droplet is a key parameter for
limiting the size and shape of the formed nanoparticles. By
varying primary parameters, such as water to oil ratio,
surfactant and co-surfactant concentration, the size of droplet
varies from a few nanometers to a few hundred nanometers
[15].
The aim of this work was to provide a widely available
microemulsions preparation formulation by using different
surfactants and controlling the ratio of components. The quasi
ternary phase diagrams of stable microemulsions with
different surfactants were mapped. Then the effects of the
water-to-surfactant ratio and surfactant-to-co-surfactant ratio
on the droplet size were investigated.
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2. Material and Methods
Six reagents with different HLB (Hydrophile Lipophilic
Balance) were used as surfactants, including Span-80
(C24H44O6, HLB=4.5), E-1302 (RO (CH2CH2O)nH,
HLB=5-6), Cremphor EL-10 (HLB=6.4), MOA-9 (C12H25O
(C2H4O)n, HLB=12.5), Triton X-114 (C18H30O3, HLB=13.5),
OP-10 (C34H62O11, HLB = 14.5). Cyclohexane（C6H12, purity
≥ 99.7％） was used as oil. Isopropanol (C3H8O, purity ≥
99.7％) was used as co-surfactant.
Microemulsions were synthesized by the water titration
method. The amount of surfactant, co-surfactant and oil were
mixed under vigorous stirring in room temperature (24°C
~27°C) to form the transparent solution. Then the deionized
water was added dropwise into the mixed solution to form the
microemulsion. The thermodynamically stable microemulsion

77

was transparent. As the solution changed from clear to turbid
and stood for ten minutes, the microemulsion vanished. The
composition at this transition point was recorded.
Microemulsions were also synthesized by co-surfactant
titration method. The mixed solution of surfactant, oil and
water was turbid. Co-surfactant was added into the solution to
observe the transparency variation of the system. As the
solution changed from turbid to clear and stood for ten
minutes, the microemulsion formed and the amount of each
component at this transition point was recorded.
Quasi ternary phase diagrams with different surfactants
were established according to the composition at the transition
point recorded above. The size and size distribution of
microemulsions droplets were determined by Zetasizer Nano
S90 (Malvern Instruments Ltd, UK). The microemulsion was
directly used in the test without any dilution.

3. Results and Discussion
3.1. Quasi Ternary Phase Diagrams of the Microemulsions

Figure 1. Quasi ternary phase diagrams of O/W microemulsions.
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According to the ratio of water to oil, the microemulaions
can be divided into the O/W (oil dispersed in water) and W/O
microemusions (reverse micelles, water dispersed in oil).
Figure 1 are quasi phase diagrams of O/W microemulsions
using Span-80, E-1302, EL-10, MOA-9, TritonX-114 and
OP-10 as surfactant respectively. Within the monophasic
region I, the stable microemulsion can be existed. It is
obviously that surfactant system with high HLB possesses the
wide stable microemulsion region. The area of the stable
microemulsion region increases with the increasing of HLB

from 4 to 12 and keeps similar after that. Surfactants with high
HLB value are preferred for O/W microemulsions [3, 16], thus
could greatly enhance the maximum oil content. Figure 2
represents the quasi ternary phase diagrams of W/O
microemulsions with different surfactants. Very small area of
the stable microemulsions is obtained for the diagrams of
Span-80, which has the lowest HLB value. No obviously
difference in the monophasic region area is observed for the
other surfactants.

Figure 2. Quasi ternary phase diagrams of W/O microemulsions.
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Figure 3. Quasi ternary phase diagrams of W/O (a, b) and O/W (c, d) microemulsions using different titrant methods.

Figure 3 shows quasi ternary phase diagrams of W/O (a,
b) and O/W (c, d) microemulsions obtained by using
different titrant, the dotted line is constructed using the
water titration method and the solid line is constructed
using the co-surfactant titration method. As shown in
Figure 3, microemulsions areas are almost coincident with
different titrants which proved that the different titrant
method has little influence on the formation of
microemulsions.
3.2. Microemulsions Droplets Size Analysis
Figure 4 shows size distributions of W/O microemulsions
droplets under different quality ratio of water to surfactant
using Span-80, E-1302, EL-10, MOA-9, TritonX-114 and
OP-10 as surfactant respectively. The ratio of surfactant to
co-surfactant and oil is kept constant as 1: 6: 4, while the
water-to-surfactant ratio is varied by changing the X from
0.8 to the maximum water solubilization, which is the
emulsification boundary value. The stable microemulsions
will disappear beyond this value. It can be seen that the
narrow size distribution is obtained and the droplet size
increases with increasing the quality ratio of water to
surfactant.
Figure 4. Size distributions of W/O microemulsions droplets under different
quality ratio of water.
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Figure 5 shows size distributions of O/W microemulsions
droplets under variable surfactants and water to surfactant
ratios. The ratio of surfactant to co-surfactant and oil is kept
constant as 1: 5: 1, while the water-to-surfactant ratio is varied.
Similar results are obtained as that of W/O microemulsions.
With different surfactants, the effect of water to surfactant
ratio on the microemulsions droplet size is shown in Figure 6,
(a) and (b) represents the W/O and O/W micromulsions
respectively. It is found that the droplet size of

microemulsions increases with the ratio of water to surfactant
until a critical concentration is reached. This critical
concentration is the start of the system destabilization. With
further increasing the water amount, it will leave the
monophasic region in the phase diagram and fail to form a
stable microemulsion. The wide range of droplets size, from 1
nm to 120 nm, is obtained with changing the surfactants and
the ratios of water to surfactant.

Figure 5. Size distributions of O/W microemulsions droplets under different quality ratios of water to surfactant.

Figure 6. Microemulsions droplet size distribution with different surfactants and water to surfactant ratios, (a) and (b) represents the W/O and O/W
micromulsions respectively.
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Figure 7 shows the influence of co-surfactant on the droplet
size. Surfactant is EL-10 and the ratio of co-surfactant to
surfactant is 3: 1 and 5: 1 respectively. It is obviously that the
larger droplet size is obtained with increasing the
co-surfactant amount. The largest droplet size even reaches
the 122.4 nm. The surfactant and co-surfactant molecules
form interface film that separates the oil phase from the
aqueous continues phase. The addition of co-surfactant further
reduces the interfacial tension and therefore lowers the
interfacial free energy which favors the formation of stable
microemulsions and larger droplet [17, 18].

Figure 7. The droplet size of O/W microemulsions with surfactant EL-10 as a
function of water to surfactant ratio. The ration of co-surfactant to surfactant
was 5:1 and 3:1 respectively.
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4. Conclusions
Stable microemulsions were successfully obtained by
titration method, and the quasi ternary phase diagrams of
different surfactants were drawn based on lots of experimental
data. The composition of surfactant/ co-surfactant/ oil/ water
within the monophasic stable region can form the stable
microemusions. The monophasic region area was not
dependent on the titrant method.
The droplet size with narrow size distribution can be
controlled in the wide range, from 1 nm to 120 nm, by
changing the surfactant type and composition. It showed a
complex dependence of the droplet size on the water to
surfactant ratio and the co-surfactant to surfactant ratio. In
the stable microemulsions region, the droplets size
increases dramatically with increased the water to
surfactant ratio.
The results obtained in this work are the valuable reference
for the synthesis of stable microemulsions and the controlling
of the droplet size.
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