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Abstract  
Microemulsions are optically isotropic and thermodynamically stable systems of water, oil and surfactant, often in 
combination with a cosurfactant which is required for optimal formation of microemulsion with a smaller 
aggregate radius and greater curvature of the interfacial layer. The full potential of microemulsion systems has yet 
to be realized and a lot of innovation in the field of microemulsion technology is expected. They have numerous 
advantages due to spontaneous formation, ease of manufacturing and scale-up, thermodynamic stability, ability to 
improve drug solubilization, and bioavailability. This work describes microemulsion systems which contain 
nonionic surfactants Tween 80 and Span 80, isopropyl myristate as the oil phase and purified water. From the most 
suitable microemulsion region, samples were selected and analyzed, blank and with encapsulated ascorbic acid, by 
measuring the size distribution of microemulsion aggregates, refractive index, electrical conductivity, and surface 
tension. 
Keywords: microemulsion; micellization; phase diagram; surfactant; cosurfactant, dynamic light scattering, refractive indeks, 
electrical conductivity, surface tension. 
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Анотація  
Мікроемульсії є оптично ізотропними і термодинамічно стабільними системами, що складаються з води, олії 
і поверхнево-активної речовини, часто у поєднанні з ко-сурфактантом, який потрібний для оптимального 
формування мікроемульсії з меншим агрегатним радіусом і більшою кривизною міжфазного шару. 
Потенціал мікроемульсій ще не повністю реалізований, і тому очікується багато інновацій в області 
технології мікроемульсій. Вони мають численні переваги завдяки спонтанному утворенню, простоті 
виробництва і масштабування, термодинамічній стабільності, здатності покращувати солюбілізацію ліків і 
біодоступність. У цій роботі описані мікроемульсивні системи, що містять неіонні поверхнево-активні 
речовини Tween 80 і Span 80, ізопропілмирістат в якості масляної фази і очищену воду. За допомогою 
вимірювань розподілу розмірів мікроемульсивних агрегатів, показника заломлення, електропровідності і 
поверхневого натягу з найбільш відповідної області мікроемульсії були відібрані і проаналізовані зразки, як 
порожні, так і з інкапсульованою аскорбіновою кислотою. 
Ключові слова: мікроемульсія; мицелізація; фазова діаграма; ПАР; ко-сурфактант, динамічне розсіяння світла, 
коефіцієнт заломлення, електропровідність, поверхневий натяг. 
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Introduction 
In recent years, researchers' interest in 

microemulsion has increased significantly as a 
system that could improve the drug delivery 
system due to its significant properties [1–10]. 
Microemulsion is a unique system that is a 
transparent and optically isotropic phase 
consisting of oil, water and surfactants. It is 
considered an ideal system for delivering active 
ingredients due to its thermodynamically stable, 
low viscosity, easy to produce and has a small 
range of droplet sizes [7; 8]. Due to the small size 
of the droplet (20-200nm), the microemulsion is 
able to improve the penetration and absorption 
of the drug or active ingredient into the skin [11; 
12]. In addition, the microemulsion system could 
provide a greater degree of solubility of lipophilic 
and hydrophilic active ingredients and prevent 
their decomposition [4; 6]. 

Ascorbic acid, unique for its high reactivity 
with all aggressive oxygen radicals, is the main 
and only essential antioxidant in the aqueous cell 
compartment [13]. It is believed that oral 
supplementation of ascorbate does not increase 
its concentration in the skin enough. Despite its 
very low lipophilicity, mouse skin is relatively 
high permeable to ascorbic acid, indicating its 
possible local application [14]. Topical use of 
ascorbic acid is also recommended due to its 
depigmentation activity and its ability to 
stimulate collagen synthesis [15]. Since ascorbic 
acid in the solution is subject to rapid oxidation, 
its use in pharmaceutical products is limited 
above all by its poor stability [10; 11]. 

The aim of this study is to produce a 
microemulsion of water in oil for topical 
application. This is achieved by constructing a 
phase diagram using isopropyl myristate, mixed 
surfactant Span 80 and Tween 80 in different 
mass ratio and water. From the phase diagram 
for physical characterization, a combination with 
a minimum amount of surfactant and the 
maximum amount of water is selected. 
Microemulsion with the most desirable physical 
properties is filled with ascorbic acid and tested 
its physical stability. 

 

Experimental Section 
Chemicals. Polyoxyethylene sorbitan 

monooleate (Tween 80), sorbitan monooleate 
(Span 80), ascorbic acid and isopropyl myristate 
were purchased from Merck, France. Suprapure 
water (declared conductivity 0.04 μS cm-1) was 
prepared by a Millipore Simplicity (USA) unit. 

Procedures and Apparatus 

Particle Size and Polydispersity Index (PDI). 
The mean particle size (Z-average) and PDI were 
measured using the Anton Paar Litesizer 500 
(Anton Paar, Austria) at 25.0 °C. The 
microemulsion was loaded in a clear quartz cell 
with a 1 cm path length. The particle size was 
measured in triplicate where each measurement 
consisted of 12 runs on the sample, and the 
average particle size was obtained. 

Electrical Conductivity. The electrical 
conductivity of the microemulsion samples was 
measured using a Mettler Toledo Five easy 
conductivity meter (Metter Toledo, Switzerland). 
All measurements were run in triplicate. 

Viscosity, surface tension and refractive index. 
The viscosity of microemulsion samples was 
measured at 25 °C with a Brookfield viscometer 
(LVDV-E, Brookfield Engineering Laboratories, 
Middleboro, MA, USA) using spindle no. 61. with a 
shear rate of 30 rpm. The surface tension and 
refractive index of microemulsion samples were 
also measured at 25 °C with a tensiometer 
(SIGMA 703D, Biolin Scientific Oy, Finland) and 
Abbe refractometer ORT 1RS (Roth, Germany). 

 

Results and Discussion 
Ternary Phase Diagrams. The ternary phase 

diagrams (Fig. 1) show that the water-in-oil 
systems form arc-shaped (binodal curve) regions 
at low water content in the presence of surfactant 
ranging between 20 and 90 % (w/w). 
Microemulsions form within a narrower region 
between 30 and 50 % using Span 80 with Tween 
80 mixed surfactant (ratio span 80/tween 
80 = 60/40; span 80/tween 80 = 55/45) and 
within a broader range using Span 80 with 
Tween 80 mixed surfactant (ratio span 80 / 
tween 80 = 70/30). In order to accommodate the 
higher number of water-solubilized active 
ingredients, a higher water phase is required in 
the selected surfactant range. Therefore, 
microemulsions samples formed using Span 80 
with Tween 80 mixed surfactant (ratio span 
80/tween 80 = 70/30) were selected for further 
characterization and discussion (Fig. 2). 

Size distribution, electrical conductivity, surface 
tension and refractive index. Microemulsion 
particle size results are given in Table. One of the 
factors that contributes to changes in 
microemulsion particle size is the packing 
parameter of the surfactants present in the 
formulation [17]. All three microemulsions have 
similar compositions used in the formulation. 
Hydrophobic fatty acid tail facing outwards to the 
oil phase.  
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а) 

 
b) 

 
c) 

Fig/ 1. Ternary phase diagram for the system of isopropyl myristate-water and surfactant mixtures  
a) span 80 / tween 80 = 70/30; b) span 80 / tween 80 = 60/40; c) span 80 / tween 80 = 55/45. ME is a single-

phase region, while the labeled solid curve represents the binodal curve 
 

 
Fig. 2. Selected samples (marked with squares) of a ternary system of surfactant mixtures  

(span 80 / tween 80 = 70/30) – isopropyl myristate-water for measuring the size distribution of microemulsion 
aggregates by dynamic light scattering, refractive index, electrical conductivity and surface tension 
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The particle size is also affected by the 
surfactant’s HLB value. Surfactants with lower 
HLB values tend to have a less hydrated 
headgroup compared to surfactants with a higher 
HLB value. Surfactant headgroups that do not 
swell greatly can produce a more compact 
structure and give a smaller particle size [18]. 
Microemulsions with narrow distribution values 
around 0.15 suggest that the microemulsion 
droplets are uniform in size, which is the best 
case in microemulsion sample 1. 

It is well known that there is a strong 
correlation between the specific structure of the 
microemulsion systems and their electrical 
conductive behavior, where phase systems (“oil 

in water” or “water in oil”) of the microemulsions 
were determined by measuring electrical 
conductivity [19]. In this study, microemulsion 
formulations had an electrical conductivity less 
than 0.05 mS/cm for all samples, which indicates 
the “water in oil” structure of microemulsions. 
Also, “water in oil” structure of microemulsions is 
confirmed with color tests. The mean viscosity of 
formulations was 160 cps for sample 1, 178.2 cP 
for sample 2 and 273.4 for sample 3 which 
indicates formation of water-in-oil 
microemulsions. The particle size results 
correlate with viscosity, whereby 
microemulsions with small particle sizes have 
low viscosity [15; 16].  

Table 
Average size, PDI, refractive index, electrical conductivity, surface tension and viscosity for blank and 

encapsulated  microemulsion samples 
 Sample 1 Sample 2 Sample 3 

Average size (nm) - blank 39.03±1.08 67.61±2.11 1327.6±38.14 

PDI - blank 0.186 0.260 0.354 

Average size (nm) – a. acid 44.78±4.28 122.3±5.02 851±18.22 

PDI – a. acid 0.188 0,264 0.358 

Refractive index - blank 1.4633 1.4625 1.4630 

Refractive index – a. acid 1.4630 1.4629 1.4631 

Electrical conductivity (mS cm-1) - blank 0.0240 0.0220 0.0211 

Electrical conductivity (mS cm-1) – a. acid 0.0243 0.0218 0.0210 

Surface tension (mNm-1) – blank 30.05 30.16 30.09 

Surface tension (mNm-1) – a. acid 30.10 3.15 30.15 

Viscosity (cP) – blank 160.2 178.2 273.4 

Viscosity (cP) – a. acid 160.6 177.6 273.9 
 

 
                                             a) 

 
                                                  b) 
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c) 

Figure 3. The droplet size distribution by intensity for: a) sample 1, b) sample 2 and c) sample 3, blank and with 
ascorbic acid (0.5 % w/w concentration) 

 

The surface tension of the formulations was 
around 30 mN/m for all microemulsion samples. 
It can be concluded that all samples had a “water-
in-oil” structure because the surface tension and 
refractive index values were very close to the 
values of an oil continuous phase. The visual 
examination experiment was carried out over a 
period of 6 months in weekly intervals for the 
first 3 months and monthly intervals for the 
subsequent months. The visual observation 
showed for first two samples no evidence of 
phase separation or any precipitation or 
flocculation, but for sample 3 flocculation 
occurred. These first two samples also revealed 
no sign of phase separation under centrifugation 
stress at 8000 rpm for 20 min. The centrifugation 
tests showed that microemulsions remained 
homogenous without any phase separation, 
which points to their good physical stability. 
These two blank samples were further used for 
encapsulation ascorbic acid. Furthermore, 
physical characterisation visual examination 
experiment was conducted with encapsulated 
samples over a period of six months. No phase 
separation, turbidity, precipitation or coagulation 
of the samples was observed, and no significant 
change in physical parameters confirming that 
these microemulsions are stable. It was also 
proved that the addition of ascorbic acid did not 
affect the stability of the basic microemulsion 
composition [20–24]. 

 

Conclusion 
The ternary phase diagrams show that the 

water-in-oil systems form arc-shaped (binodal 
curve) regions at low water content in the 
presence of surfactant ranging between 20 and 

90 % (w/w). Microemulsions form within a 
narrower region between 30 and 50 % using 
Span 80 with Tween 80 mixed surfactant (ratio 
span 80/tween 80 = 60/40; span 80/tween 
80 = 55/45) and within a broader range using 
Span 80 with Tween 80 mixed surfactant (ratio 
span 80/tween 80 = 70/30). All three 
microemulsions have similar compositions used 
in the formulation. Hydrophobic fatty acid tail 
facing outwards to the oil phase. The particle size 
is also affected by the surfactant’s HLB value. 
Surfactants with lower HLB values tend to have a 
less hydrated headgroup compared to surfactants 
with a higher HLB value. Surfactant headgroups 
that do not swell greatly can produce a more 
compact structure and give a smaller particle 
size. It can be concluded that all samples had a 
“water-in-oil” structure because the surface 
tension and refractive index values were very 
close to the values of an oil continuous phase. The 
visual observation showed for first two samples 
no evidence of phase separation or any 
precipitation or flocculation, but for sample 3 
flocculation occurred. These two blank samples 
were further used for encapsulation ascorbic 
acid. Physical characterisation visual examination 
experiment was conducted with encapsulated 
samples over a period of six months. No phase 
separation, turbidity, precipitation or coagulation 
of the samples was observed and no significant 
change in physical parameters confirming that 
these microemulsions are stable. It was also 
proved that the addition of ascorbic acid did not 
affect the stability of the basic microemulsion 
composition.
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