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Abstract
Emulsions developed for topical applications have attracted so 
much interested over the last years, due to their characteristics, 
stability and possibility to work as Nano carrier to deliver an active 
agent to the skin. There are some aspects that need to be taken into 
considerations when developing an emulsion for topical application, 
such as: long-term delivery drugs with beneficial properties, have a 
pleasant feeling to the users, maintaining its properties during the 
storage, being stable, biocompatible, and not provide skin irritation. 
In this manuscript, we report the importance of the stabilization 
emulsions for topical application purposes, which can be achieved 
by either adding surfactants, solid particles (Pickering emulsions), 
or bio-mass. Pickering emulsions are stabilized by adding solid 
particles into the water-in- oil, oil- in water, or both interface. 
Moreover, this manuscript includes the use surfactant stabilizer, 
which can be replaced for biomass-based particles, which are 
biocompatible and eco-friendly agents.
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developing skin care lotions, the emulsifiers used in its formulation 
play a significant role during the evaporation process either in simple 
emulsion or colloidal structures [6]. The formulations of emulsions 
are used in many processes such as pharmaceutical and personal good 
that beautify and moisturize our skin. The emulsions can be either 
water drops in oil or oil drops in water, both kinds of emulsions 
have the need to be stabilized to prevent their formulation from re-
coalescing.

Emulsions may also be used to deliver multiple active 
pharmaceutical ingredients, known as (API´s). Therefore, is 
important to note the importance of solubility, improve the patient 
compliance, and permeation and/or distribution. Emulsions, in 
general, are inherently thermodynamically unstable, for this reason, 
when dealing with emulsions for topical applications it is crucial 
the theoretical understanding of several factors that may influence 
emulsion stability and emulsion formulation [7]. The process by 
which an emulsion completely breaks (coalescence), i.e., the system 
separates into bulk oil and water phases, is generally considered to be 
governed by four different droplet mechanisms. These mechanisms 
are: creaming, sedimentation flocculation, Brownian flocculation, 
and disproportionation. The emulsions may destabilize by the 
first three methods, although all four may occur in any order and 
simultaneously. In this manuscript we aim to explain the methods 
and test of emulsions stabilization for topical application.

Emulsions Stabilization
The stabilization of droplet found in the emulsion interface is 

achieved through the addition of emulsifier which acts increasing 
the electrostatic repulsion between droplets, steric hindrance and 
by decreasing the phase interfacial tension. Another way to stabilize 
the emulsions is by adding amphiphilic molecules such as surfactant 
(Figure 1). The properties of the emulsion are directed related to the 
molecular surfactant structures. The molecular structure is decisive 
for the emulsion phase condition. Surfactants are classified into two 
groups: non-soluble in water (forming a cloudy dispersion even 
at a concentration as low as 1%) and water soluble (as the result is 
obtained a transparent emulsion, when the surfactant concentration 
varies up to 25%); their designation comes from the appearance 
in aqueous dispersion. An important factor on the emulsion 
stabilization influenced by micellization or also described as critical 
micelle concentration (CMC), the CMC depends on electrolytes, 
temperature, pressure and the concentration and presence of other 
active surface substances. The surface of the element changes strongly 
upon varying the surfactant concentration [8]. However, when the 
CMC is reached, the tension at the surface remains relatively stable 
or might change in a lower slope [9], this can be observed in Figure 
1. Emulsifiers also play an important long-term effect even in the 
simple colloidal structures solutions formulations [6]. In addition to 
small surfactant molecular weight, solid colloidal particles, polymeric 
emulsifiers and soluble proteins, can be used as emulsion stabilizer by 
intermediating the wetting properties [10].

As shown in Figure 1, the surfactant molecules contain water 
insoluble or oil soluble and water soluble components. When these 
molecules are on oil-water or air- water interface, the hydrophobic 
molecule part is in air or oil phase and the hydrophilic portion is 

Introduction
Over the last few years, the interest regarding emulsions has 

increased, once they possess a substantial and vast number of 
applications [1]. When formulating emulsions, including application 
for food, paint, agrochemical, pharmaceutical and oil industries [2], 
some important factors must be taken into consideration, as they 
must give a pleasant feeling during its application, long-term of the 
beneficial effect properties, good appearance regarding the original 
formulation, and above all, maintain its appeal and also the properties 
during the storage [3]. The original formulation of lotions should 
focus on the benefits action on the skin concerning the compounds 
in its formulation that might evaporate the water containing as 
well as other volatile polymers and chemicals [4]. It was reported 
by Mezei and Gulasekharam, that they are focusing their attention 
on the original dispersion structures, as the evaporation behavior 
is also important. It is known that the stratum corneum (SC) when 
it is present in its intact form, can be penetrated by liposomes and 
vesicles action [5]. Some micro emulsion structures are reported to 
provoke skin irritation, once that they can disorder the SC increasing 
the penetration. Colloidal micro emulsion, after less than 30 minutes 
of application, evaporates, not causing any skin irritation. When 
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located in the water phase., When the micelles are in water solution, 
the hydrophilic head group protects the hydrophobic tails, which is a 
surfactant energical favorable form. The graphic surface tension versus 
concentration shows the CMC point, found in logarithmic scale [11].

The stability testing is an integral part of the development of 
emulsions. The emulsion formulator is generally concerned with 
understanding the effects that include storage and shipping condition 
on shelf-life which may include exposure to sunlight, extreme 
temperatures, humidity and vibration. In Table 1 we list important 
properties to fully understand important stability and characteristics 
of an emulsion formulation Table 1.

The development of lotions for treatments of any disorder 
includes a two phase formulation; this formulation is not often used 
on the skin care development, here we describe the stabilization of 
two and three-phase emulsions:

Two-phase emulsion stabilization

 Sometimes referred as the stability of emulsions or stabilization of 
emulsions, expressed by the monomer, the stability degree of emulsions 
is in fact measured through their instability; while the destabilization 
process is undergoing, the rate is given in a quantitative number, 
called as colloidal stability. The primordial factor that influences the 
colloidal stability is the dispersion of non-stable particles, because 
as these particles do not possess inter-forces, they become attached 
permanently at the touching moment. By adding electrolytes, the 

Figure 1: The surfactant molecules contain water insoluble or oil soluble and water soluble components.

Property Test method
Active ingredient(s) Chemical or bio-assay
Color Visual or colorimeter
Conductivity Conductivity meter

Droplet size distribution Microscopic examination (image analysis) and 
instrumental

Flow behavior Oscillatory shear viscosity with a cone/plate 
Rheometer

Odor Organoleptic
pH pH meter
Preservation Microbial challenge and/or assay
Separation Creaming value - visual or instrumental
Specific gravity Pycnometer
Tack/Texture Extensional and compressional deformation
Viscosity Rotational viscometer

Table 1: Emulsion properties to be monitored during stability test.

Storage conditions Storage Period
Ambient temperature 25ºC for 3 years (or projected shelf-life of the product)
Cycling chamber 4ºC to 45ºC in 48 hours for 1 month
Elevated temperature 37ºC for 6 months and 45ºC for 6 months
Freeze/thaw cycles (5) Approximately -10oC to ambient

Light exposure 1 month exposure to north-facing daylight or light 
cabinet

Refrigerator Approximately 4oC for 3 months

Table 2: Most used test conditions for emulsion stability testing.
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stabilization is lost, as electrolyte compresses the electric double layer 
of different charges, this loss is directly related to the concentration of 
the electrolytes, also referenced as the rule of Schulze- Hardy [4]. The 
destabilization is achieved when the compression of electric double 
layer potential leads to total repulsive potential cancellation. As an 
alternative for the particle, stabilization is dealing with polymers 
chain distended from the particle surface into the surrounded liquid 
[12]. The DLVO theory states that the excess addition of electrolytes 
concentration may lead to the cancellation of a stable double layer. 
Although the addition of electrolytes may cancel the stabilization 
forces, the incensement of salts into the emulsion may interfere to 
Schulze- Hardy limit, leading to enhancement of stabilization. The 
stabilization mechanism is the inverse of the destabilization one. The 
destabilization process is described in four phases (Figure 2). The first 
step is shown in Figure 2, where there is an aggregation of the droplets, 
in this period the degree of destabilization can increase addition of salt 
in excess accordingly. The second phase is named coalescence (Figure 
2), the flocculated drops burst, followed by the formation of larger 
droplets, in this phase if the electrolyte is added, is possible to reduce 
the surfactant repulsion in the interfacial layer. Therefore, the solution 
becomes stable and denser. The third phenomena is the gravitational 
droplet transportation, known as creaming or sedimentation 
depending upon the density of the continuous and dispersed phase 
(Figure 2) this step only occurs for macro emulsion droplets, once 
that in the micro emulsion the Brownian motion is the determinant 
phenomenon instead of gravitational transportation. The last phase 
happens when the sedimentation or creaming droplets lead to the 
formation of a concentrated layer of the emulsion, the coalescent is 
enhanced. As a result, the coalescence is completed, followed by phase 
separation (Figure 2) [4]. 

Three-phase emulsion stabilization

 In the three-phase stabilization, the stability is played not only 
for the surfactant molecules, as well as to liquid crystalline phase [13]. 
In this process, the limitation of CMC does not exist. The vesicles 
are found in this stage, which is characterized by the thickness of the 
shell and the multilayers surrounding it and the radius of the water 
core. The stability of three-phase system consists in water-particle-
oil, basically the system comprehends oil and a solid phase dispersed 
in aqueous solution. It is more complex, as “triple emulsions” 
have dispersed droplet of continuous phase materials. The three 
primary interests are the amount of water needed to have the vesicle 
formation, the fraction of the surfactant concentration versus the total 

vesicle fraction, and last but not least the ratio between the amount of 
liquid crystals and the surfactant concentration in the emulsion. Two 
main destabilization phenomena have an impact on the homogeneity 
of dispersions: liquid particles and migration of solid, creaming and 
sedimentation, and aggregation in combination with corresponding/ 
subsequent increase of particle size, i.e., coalescence and flocculation. 
Creaming is a common mechanism of instability of emulsions or 
suspensions; it is observed when the density of the particles is lower 
than that of the liquid. Sedimentation can occur if the density of the 
dispersed phase is greater than that of the continuous phase. From 
the physicochemical point of view, coalescence and flocculation/
coagulation phenomena may occur; they both lead to a shift of size 
distribution of the dispersed phase towards coarser values. Frequently 
it is noted not one destabilization mechanism, but a combination of 
and even interrelation among different ones. Therefore, the presence 
of more than two phases additionally multiplies and complicates the 
identification of destabilization mechanisms in a dispersed system. In 
this case there are three possibilities:

Solid particles are well dispersed in (oil) droplet without any 
attraction to the interface (immersion mechanism);

The solid phase is dispersed in the continuous (aqueous) phase 
and has no attraction to (oil) droplets (hydrophilic particles)

Solid particles gather at the interface (distribution mechanism).

The volume and structure considerations in emulsions containing 
liquid crystals are interesting in two situations, the emulsion behavior 
during the evaporation process followed by stable surfactant emulsions 
with an excess of Krafft point at room temperature. It is important 
to mention that emulsions when stabilized by any surfactant with an 
excess of Krafft point at room temperature, they do not have liquid 
crystals at this temperature. The surfactant is found in hydrated 
crystalline form, monomolecular layers only, poor stabilization and 
very low concentration excess covering the interface [14]. The greater 
stability can only be achieved at high temperature, in which the 
surfactants form liquid crystals with water [15]. The emulsions are 
cooled to room temperature, the lamellar liquid crystals structures 
at the interface change to gel layered phase, which provides an 
excellent stabilization. At this point the layered structure with water 
is destroyed. Therefore, the needle-formed crystals are found instead 
of water layers, once that this last layer has been squeezed from the 
structure at the interface. Now the presence of surfactant contributes 
to the emulsion stabilization, instead of the reverse.

Figure 2: Example of a destabilized emulsion [4].
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Evaporation Process and Structural Changes

This process is paramount when dealing with emulsion; it has 
been widely investigated by many researchers depending on their 
applications. It is possible to find some studies reporting that the solid 
particle size into the emulsion may delay the evaporation process. 
Skin care emulsion does not have the significant concern regarding 
the particles shape and size and the evaporation rate associated with 
surfactant structures and volatile compounds. The primary factor of 
W/O emulsion is that after topical application, 90% of the containing 
water will evaporate, leading to the structural changes [6]. Hence, a 
liquid crystal with high viscosity is formed, as the water drops in few 
minutes a fluid crystalline particle is formed. On the other hand, the 
liquid crystalline material when replaced can result in an emulsion 
with oil in oil of liquid surfactant, both dissolved. Surprisingly, these 
changes affect the original emulsion composition. For skin lotions, 
as they do not contain a significant amount of volatile oils, the 
evaporation path is useful. We can point that the essential aspect of 
emulsions for topical application regarding the distillation process 
effect and behave is that the skin care formulation most of the time 
undergoes significant structural changes in evaporation process [16], 
even with the evaporation there is no potential chemical change, so, 
there is no tendency to cause skin irritations if the initial formulation 
of the emulsion is non-toxic for dermal human fibroblasts (DHF).

Pickering Emulsions

This kind of emulsions are stabilized by solid particles, as 
nanoparticles, instead of surfactants, they can be found in any type, 
water-in-water (W/O), oil-in-water (O/W) or in multiple phases 
(Figure 4) [17]. These emulsions have been reported for the first time 
in 1907 by Pickering [18], who published that O/W emulsion may be 
stable by adding solid particles, which are later absorbed in the surface 
of oil droplets; in this study he reported one of the major features of 
O/W emulsions stabilized by solid particles. Particles for emulsions 
stabilization are possible due to the properties of the particles, which 
is a combination of partial dual wettability of water and oil phase, 
size, and shape. The most commonly used particles for Pickering 
emulsion stabilization are hitherto included synthetic/inorganic 
particles such as alumina, latex, titanium oxides, clays and silica [2]. 
Among all benefits of emulsion stabilization by solid particles, the 
most important characteristics are that these emulsions have a high 
resistance to coalescence and Ostwald ripening [10]. By eliminating the 
emulsifier (surfactant), these emulsions become much more attractive 
for different kinds of applications, especially in pharmaceutics and 
cosmetic industries where surfactant based emulsions might possess 
some adverse effects such as hemolytic behavior and cytotoxic. The 
solid particle size can stabilize the emulsion, when the particles are at 
the Nano scale, size range from 1-100 nm, or even when these particles 
are sized at sub-micro-size ~ 100 nm. The smaller the particle size, 
the smaller is the droplet that can be stabilized, for example, micron-
sized particles can stabilize larger droplets up to few millimeters in 
diameter [19].

Pickering emulsions, are stabilized due to the capillary forces of the 
solid particles, as we can observe at the images above. In the surfactant-
based emulsions the micelles are absorbed at O/W interface, stabilizing 
the emulsion through osmotic process (Figure 4) [19,20].

Polymerization- pickering emulsions

 Different types of materials either hybrid, organic or even 
inorganic can be coated with solid particles which make them tightly 

attached at the oil interface [21]. Polymerization of the conventional 
emulsion can be done using as stabilizer, solid particles, instead of 
usual methods as copolymerization of a hydrophilic comonomer, 
emulsifier absorption or ionic initiator resulting in electrostatic 
repulsion. The utilization of solid particles instead of conventional 
stabilization does not change the polymerization [22]. By grafting 
into the surface of the solid particles an organic monomer, the solid 
particles surface presents a more hydrophobic behavior, which 
contributes to the solid particles absorption to the monomer droplets 
[23]. Miniemulsion polymerization stabilization can be achieved 
by solid nanoparticles [24]. In this process the solid particles aim 
the stabilization of the monomer as well the polymer droplets. The 
stabilization of the monomer droplets with a submicron-size is 
difficult, once that most monomers are very soluble in water, causing 
de- stabilization. Porous materials can be done by using as template 
the Pickering emulsions droplet. Polymerization in Pickering 
emulsion followed by a drying process can develop porous inorganic-
organic hybrid materials. In concentrated emulsions, the porous 
materials wall is formed by the polymerization in a continuous phase, 
where are immersed the solid particles. These materials are known as 
Polymerized High Internal Phase ratio Emulsion, Poly- HIPE [25]. In 
the emulsion continuous phase, the reinforcement of the wall by the 
monomer polymerization leads to an improvement in the mechanical 
strength of porous materials; similar characteristic can be achieved by 
mixing solid particles (with opposite electrical charge) with surfactant 
[26].

Nanoparticles Interfaces and their Absorption

When solid particles are in O/W interface, it is necessary a partial 
wetting of these particles, which can be done by water and oil. This 
phenomenon is an interfacial energy of three different interfaces, 
namely, oil-water, solid -oil and solid-water, respectively ᵧo-w, ᵧs-o 
and ᵧs-w as described by Chevalier & Bolzigner, already mentioned 
in this manuscript. They reported that the partial wetting of solid 
particles by water when in an oil medium is needed the spreading 
coefficient of water, S (W/O), which is negative and the energy-water 
adhesion, EAdh (W/O) which is positive:

( / ) 0s W O s o o w s wγ γ γ= − − <− − −               (1)

( / ) 0E W O s o o wAdh γ γ= + >− −              (2)

By one side, if the solid particles have a very hydrophilic surface, 
as a consequence of the hydrophilic behavior they will be thoroughly 
wetted by water interface, afterwards solid particles will no longer be 
absorbed once that they remain dispersed in the aqueous emulsion 
phase. By the other side particles with hydrophobic behavior are 
wetted by the oil. The solid particle absorption under wetting 
conditions is increased. Free energy adsorption is related to interfacial 
size and tension of the particles, where the free energy absorption is 
characterized by the free energy input necessary to the solid particles 
be released through the surface, either in oil or aqueous phase [27]. 
The higher absorption rate is found at the 90º angle of contact, 
corresponding to a maximum emulsion stabilization [28]. The 
absorption free energy rate is higher in those particles which possesses 
a larger area (larger particle size) in contact with water and oil.

Particles Stabilization

In 1923, Finkle and coworkers were the first researchers to report 
the correlation between the particles ability to stabilize the emulsion 
and their wettability; this is called Finkle´s rule. The Finkle´s rule 
says that the droplet system will be favored either water-in-oil or 
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Figure 3: Emulsions formulation examples, including three phase emulsions [14].

Figure 4: Pickering emulsions are stabilized due to the capillary forces of 
the solid particles.

Figure 5: TEM microscopy of silica nanoparticles ranging size of 20 nm ±  4 
nm, manufactured by nano Composix [43].

oil-in-water, which depends on the angle of contact at the interface 
of oil-particle-water [29]. The stabilization through particles use is 
not theoretically different from macro-molecular emulsifiers such as 
hydrocolloids or proteins, by absorbing the oil-water interface, the 
particles became trapped, as a result of the free energy detachment 
[30]. Either organic or inorganic, many particles can achieve a greater 
wetting condition in oil interface. As an example of these particles 
we can mention: laponite [31], micelles copolymers blockers [32], 
carbon nanotubes [33], carbon black, barium sulfate and calcium 
carbonate [34]. However, for Pickering emulsions, the best particle 
stabilizers are spores [35], hydrophobic bacteria [36] and cationic 
Nano crystals [37]. Hydrophobic particles meet the perfect conditions 
for partial wetting by oil and water, to enhance the hydrophobicity 
behavior surface modification of solid particles. Previous studies 
reported that oil content changes in the emulsion, for example, may 
lead to an inversion of the phase interface of Pickering emulsions 
[38]. The dispersed phase fraction level was described by Binks & 
Lumsdon, who reported that the inversion occurs depending on the 
affinity of the particles for the initial continuous phase in Pickering 
emulsion [39]. Some inorganic particles might have hydrophilic 
surface characteristics, in this case, to ensure a better wetting by oil 
and water, is required a hydrophobic coating (silica is one of the 
most used as particle stabilizer). Instead of adsorption, chemical 
grafting is preferred, even though it can present some limitations, 
once that this method involves reactions with the groups at solid 
surface; for chemical grafting the chemicals should be stable against 
hydrolysis and such reaction is preferably done by dry organic 
solvent, in a suspension, or on the dry powder of the solid materials, 
in an aqueous medium these chemicals reactions are not compatible. 
Absorption of organic polymers can make the surface of the particles 
more hydrophobic [40]. Pickering emulsion stabilization can be 
achieved due to the solid particles flocculation, thus neutralization of 
different charge, as a result of multivalent ions absorption of different 
charge at the solid surface takes place, as an example the lanthanum 
cations onto silica [41]. Silica particles have been done from some 
manufacturers as Cabot, Wacker, Evonik and nano Composix [42] 
(Figure 5), this is the most used solid material due to its surface that 
can quickly become hydrophobic by organosilanes grafts; the surface 
coverage, known as grafting degree plays a role in the hydrophobic 
characteristics of silica, as well the wetting capacity in oils and 
water. In Pickering emulsions, the droplets size is related either to 
the emulsification energy intensity in a high concentration of solid 
particles or to the amount of particles available, dispersed in the phase 
to stabilize the emulsion interface at lower concentration of solid 
particles (Tables 1 and 2) Figure 5 [19,20,43].

Biomass Stabilization

In the oil-water interface, the size and the angle of contact, 
including other particles properties will directly influence the 
wettability and the eventual emulsion stability. The surface roughness 
and morphology may change the emulsifying behavior of the solid 
particles. It was reported that by increasing the roughness surface 
of these particles, consequently, increase the particles emulsification 
capacity. This behavior of the solid particles can reach a so high 
level, where the roughness surface degree of the particles can no 
longer be wetted homogeneously by the liquids interface. Hence, 
the resulting emulsions stability is drastically decreased [44]. An 
eco-friendly alternative option to this issue might be the bio-mass 
based particles, which mainly consists of particles that are often 
made from bio-degradable and renewable resources, presenting non-
spherical morphology, however many literature [45-47] reported 

that according to capillary interaction of anisotropic particles curved 
fluid interfaces may have different shapes, as pentagons, ellipses, 
stars, and dumbbells. These particles can be synthesized from 
molecules extracted from biomass (e.g. crystallization, coacervation, 
aggregation, precipitation or crosslink), obtained by isolating their 
intrinsic biological structures or decreasing the size of the existing 
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structures. As an example of biomass-based solid particles we can 
mention the Nan rods, which are made from cellulose (cotton, bacteria 
and algae), they are found in various ratios [48]. When approaching 
biomass particles synthetically, we can exemplify chitin nan crystals 
[49], flavonoid particles [50], chemically modified Nano spheres [51], 
fat crystals and solid lipid particles [52]. On the other hand, when 
particles are obtained by the breakdown of larger structures (milling 
and hydrolysis), these include: ethyl cellulose particles [53], cellulose 
Nan crystals [54] and keratin wool powder [55].

Conclusion
The emulsions stability is related to the surfactant behavior in 

diluted aqueous solution. The micelles, formed by the surfactants 
are absorbed to the W/O interface in monolayers form. In addition 
to that, the surfactant concentration at the interface is limited to 
the amount at its CMC. Vesicles form is caused by the high energy 
of emulsification-dispersed to lamellar liquid crystals. During the 
evaporation process the emulsions undergo crucial changes in their 
formulations; these changes must be taken into consideration, when 
developing emulsion for topical applications. We also point out that 
not only surfactant but also nanoparticles can be used as a stabilizer. 
Pickering emulsions have been for a long period left without any 
scientific interested, however now this situation has changed. 
The scientific community worldwide has increased the interest 
in Pickering emulsions, once they possess an excellent stability 
against the coalescence, making possible the development of stable 
double emulsions. They can be used in many different fields, porous 
materials and drug delivery systems are examples of it. Because of 
solid nanoparticles coating the surface of the emulsion droplets a rigid 
shell is formed, acting as a barrier against materials transferring through 
the surface and against deformation. By using Pickering emulsion, it is 
possible to decrease or eliminate the usage of active agent at the surface. 
Instead of using surfactant, it can be replaced by eco-friendly agents 
and more biocompatible as biomass- based particles, which are defined 
as materials made from renewable resources. The stable emulsions can 
be used as Nano carriers for topical application; a promising strategy 
is the design of advanced target Nano carriers. A rational design of 
Nano carriers should ensure a skin permeability, penetration and 
biocompatibility producing a local pharmacological action decreasing 
the side effect. It has been shown in this manuscript that polymer 
characteristics, as well particle size, surface modification among other 
factors may affect directly the efficiency, bio distribution and safety, 
therefore, the availability of the Nano carrier. In this context, stands out 
the design of polymeric nanoparticles by nan-emulsion as a versatile and 
safe technique for the Nano carriers preparation.
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