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The interest in nanoemulsions has experienced a continuous increase in the last years as evidenced 
by the numerous publications and comprehensive reviews on the subject. This enormous interest is 
triggered by the wide range of applications, namely in the pharmaceutical, cosmetic, food, chemical 
industries. Nanoemulsions (submicrometer-size droplets) have advantages over conventional emul-
sions (micrometer-size droplets) due to their small droplet size; it stipulates their stability against 
sedimentation or creaming and a transparent or translucent optical aspect (similar to that of microemul-
sions). Nanoemulsions are commonly prepared by high-energy methods using mechanical devices, 
which can produce intense disruptive forces, for example, high pressure homogenizers and ultra-
sound generators. Nanoemulsion formation by these methods is quite straightforward as the higher 
the energy input is, the smaller is the droplet size. However, the level of energy required to obtain 
nanometer-scaled droplets is very high, and therefore, cost-inefficient, especially considering that 
only a small amount of the energy produced is used for emulsification. In contrast, low-energy emul-
sification methods using the internal chemical energy of the system are often more energy efficient as 
only simple stirring is needed, and generally allow producing a smaller droplet size than high-energy 
methods. It has been also claimed that high-energy methods allow preparing nanoemulsions at higher 
oil-to-surfactant ratios than low-energy methods. The results obtained confirm that both PIT and PIC 
have the same mechanisms. However, there are still issues to be solved. One of them concerns the 
possibility to obtain nanoemulsions with the minimum droplet size and low polydispersity by the PIC 
method. It is likely that the kinetics of the emulsification process plays an important role in this emul-
sification method, which has not been taken sufficiently into account. Therefore, more research effort 
needs to be done on this subject. A more comprehensive knowledge on the mechanisms involved 
in nanoemulsion formation by low-energy methods will allow their optimization and consequently will 
extend the fields of their application.

The interest in nanoemulsions has experienced a con-
tinuous increase in the last years as evidenced by the 
numerous publications and comprehensive reviews [12, 
14, 19, 22, 31] on the subject. This enormous interest 
is triggered by the wide range of applications, namely 
in the pharmaceutical [2, 3, 6, 9, 10, 13, 19, 22, 28, 36, 
37], cosmetic [1, 7, 34, 40], food [15, 26, 27, 29], chemi- 
cal [5, 17, 23, 25], etc., industries. Nanoemulsions (sub- 
micrometer-size droplets) have advantages over con-
ventional emulsions (micrometer-size droplets) due to  
their small droplet size; it stipulates their stability against 
sedimentation or creaming and a transparent or translu-
cent optical aspect (similar to that of microemulsions). 
However, nanoemulsions, in contrast to microemul-
sions, which are thermodynamically stable, are non-
equilibrium systems, which may undergo flocculation, 
coalescence and/or Ostwald ripening. Nevertheless, with  
an appropriate selection of the system components, com- 
position and preparation method, nanoemulsions with 
a high kinetic stability can be obtained. It is generally ac-
cepted [21, 30, 33] that the nanoemulsion main break-
down process is Ostwald ripening (diffusion of molecules 
of the disperse phase from small to big droplets). How-
ever, recent reports have shown flocculation to be a 
possible breakdown mechanism for nanoemulsions for-
mulated with mixed nonionic-ionic surfactants [38, 39].

Nanoemulsions are commonly prepared by high-
energy methods using mechanical devices, which can 
produce intense disruptive forces, for example, high-
shear stirrers, high pressure homogenizers and ultra-
sound generators. Nanoemulsion formation by these 
methods is quite straightforward as the higher the ener- 
gy input is, the smaller is the droplet size. However, the 
level of energy required to obtain nanometer-scaled drop-
lets is very high, and therefore, cost-inefficient, especial-
ly considering that only a small amount (about 0.1%) 
of the energy produced is used for emulsification [32]. 
In contrast, low-energy emulsification methods using  
the internal chemical energy of the system are often more 
energy efficient as only simple stirring is needed, and 
generally allow producing a smaller droplet size than 
high-energy methods [36]. Nevertheless, depending on 
the system and composition variables, similar droplet 
sizes can be obtained by both types of methods [41]. 
It has been also claimed that high-energy methods al-
low preparing nanoemulsions at higher oil-to-surfactant 
ratios than low-energy methods [41]. However, nanoe-
mulsions with high oil-to-surfactant ratios prepared by 
low-energy methods have also been reported [9]. 

Low-energy emulsification methods
Low-energy approaches rely on the spontaneous for-

mation of tiny oil droplets within oil-water-emulsifier  
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mixtures when either their composition or the environmen- 
tal conditions are altered. A number of different nanoemul-
sion preparation methods are based on this principle, in-
cluding spontaneous emulsification (SE), phase inversion 
temperature (PIT), phase inversion composition (PIC), and 
emulsion inversion point (EIP) methods [4, 8, 16, 24].

Spontaneous emulsification. In this group of methods  
an emulsion or nanoemulsion is spontaneously formed 
when two liquids (usually an organic phase and an aque-
ous phase) are mixed together at a particular tempera-
ture [24]. For example, an organic phase consisting of a 
non-polar oil and a hydrophilic surfactant and/or a water-
miscible organic solvent may be slowly added to water. 
Alternatively, water may be added to an organic phase 
containing a non-polar oil, a water-miscible organic sol-
vent and a surfactant [31]. The water-miscible organic 
solvent is typically ethanol or acetone, but it may be 
replaced with a water-miscible surfactant instead.

To obtain very small droplets, as is required in na-
noemulsions, it is usually necessary to use a high ratio 
of the water-miscible component-to-oil in the organic 
phase prior to mixing. The spontaneous emulsification 
method has found a widespread utilization within the 
pharmaceutical industry, where it is used to form drug 
delivery systems to encapsulate and deliver lipophilic 
drugs. Systems prepared using this approach are usu-
ally referred to as either Self-Emulsifying Drug Delive- 
ry Systems (SEDDS) or Self-Nanoemulsifying Drug De- 
livery Systems (SNEDDS) depending on the droplet size 
produced. A great deal of research has gone into optimiz-
ing the formulation of SEDDS and SNEDDS in terms 
of identifying the most appropriate preparation method 
and compositions. The main drawback when using this 
approach in the food industry is that high concentrations 
of synthetic surfactants are normally needed, which may  
be undesirable due to regulatory, cost or sensory rea-
sons. Nevertheless, there are certainly some applications 
where this approach may be useful, e.g., incorporating 
small amounts of bioactive lipophilic components into 
beverages.

Phase inversion methods. The phase inversion tem- 
perature (PIT) method relies on changes in the optimum 
curvature (molecular geometry) or solubility of non-ionic 
surfactants with changing temperature [14, 22]. For exam- 
ple, nanoemulsions can be spontaneously formed using 
the PIT method by varying the temperature-time profile 
of certain mixtures of oil, water and non-ionic surfac-
tant. This type of phase inversion usually involves the 
controlled transformation of an emulsion from one type 
to another (e.g., W/O to O/W or vice versa) through an 
intermediate bicontinuous phase. The driving force for 
this type of phase inversion is changes in the physico-
chemical properties of the surfactant with temperature. 
The molecular geometry of a surfactant molecule can 
be described by a packing parameter, p [16].

At low temperatures, the head group of a non-ionic  
surfactant is highly hydrated, and so it tends to be more 
soluble in water. As the temperature increases, the head 
group becomes progressively dehydrated and the solu-
bility of the surfactant in water decreases. At a particular 

temperature (PIT), the solubility of the surfactant in the 
oil and water phases is approximately equal. At higher 
temperatures, the surfactant becomes more soluble in 
the oil phase than in the water phase. A nanoemulsion 
can be formed spontaneously by rapid cooling of an 
emulsion from a temperature at or slightly above the 
PIT to a temperature well below the PIT. 

The phase inversion composition or PIC method is 
somewhat similar to the PIT method, but the optimum 
curvature of the surfactant is changed by altering the 
composition of the system rather than the temperature. 
For example, an O/W emulsion stabilized by an ionic 
surfactant can be subjected to phase invertion to a W/O 
emulsion by adding a salt. In this case, the packing pa-
rameter is adjusted from p<1 to p>1 due to the ability 
of the salt ions to screen the electrical charge on the 
surfactant head groups [20]. Alternatively, a W/O emul-
sion containing a high salt concentration can be con-
verted into an O/W emulsion by diluting it in water, i.e. 
reducing the ionic strength below some critical level.

Emulsion inversion point. In the emulsion inver-
sion point (EIP) methods the change from one type of 
an emulsion to another (e.g., W/O to O/W or vice versa) 
is through a catastrophic phase inversion (CPI), rather 
than a transitional phase inversion (TPI) as with the PIC 
or PIT methods [11, 35]. In this case, a W/O emulsion 
with a high oil-to-water ratio is formed using a particu-
lar surfactant, and then increasing amounts of water are 
added to the system with continuous stirring. Above a 
critical water content, the water droplet concentration is 
so high that they are packed very tightly together, and 
the emulsion reaches a phase inversion point where it 
changes from a W/O to an O/W system. The size of the 
droplets formed depends on the process variables, such 
as the stirring speed and the rate of water addition [35]. 
The emulsifiers used in catastrophic phase inversion are 
usually limited to small molecule surfactants that are 
able to stabilize both W/O emulsions (at least over the 
short term) and O/W emulsions (for a long term). Re-
cently, it has been shown that the emulsion inversion 
point (CPI) method can be used to produce nanoemul-
sions (r< 100 nm) from food-grade ingredients [26].

CONCLUSIONS
Nanoemulsions cause constant and growing interest  

as due to their characteristic properties (small size, large 
surface area and transparent optical properties) they are 
advantageous over other colloidal systems for a wide 
range of applications. It is worth noting the interest to 
nanoemulsions for application in pharmacy, cosmetics, 
agrochemical, food, chemical industries, etc. Low-ener-
gy emulsification methods have focussed considerable 
research interest in the last years as small droplet sizes 
and narrow size distributions can be obtained using sim-
ple equipment. The review on formation of nanoemul-
sions by self-emulsification and phase inversion (PIT 
and PIC) methods confirms the progress in studying the 
factors leading to nanoemulsions with the minimum size  
and low polydispersity. The results obtained confirm that 
both PIT and PIC have the same mechanisms. However, 
there are still issues to be solved. One of them concerns 
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the possibility to obtain nanoemulsions with a minimum 
droplet size and low polydispersity by the PIC method. 
It is likely that the kinetics of the emulsification process 
plays an important role in this emulsification method, 
which has not been taken sufficiently into account. There- 

fore, more research effort needs to be done on this subject. 
A more comprehensive knowledge on the mechanisms 
involved in nanoemulsion formation by low-energy me- 
thods will allow their optimization and consequently 
will extend the fields of their application.
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ОТРИМАННЯ НАНОЕМУЛЬСІЙ ЗА ДОПОМОГОЮ НИЗЬКОЕНЕРГЕТИЧНИХ МЕТОДІВ: 
ОГЛЯД
Ю.В.Соколов
Ключові слова: наноемульсія; низькоенергетичне емульгування; самоемульгування; 
температура фазової інверсії; композиція фазової інверсії
Інтерес до наноемульсій в останні роки постійно зростає, що підтверджується численними 
публікаціями і оглядами за цією темою. Такий зростаючий інтерес викликаний широким діа-
пазоном застосування у фармацевтичній, косметичній, харчовій, хімічній промисловостях. 
Наноемульсії (частинки субмікронного розміру) мають перевагу перед звичайними емульсі-
ями (частинками мікронного розміру) завдяки меншому розміру, що зумовлює їх стійкість до 
осадження та кремажу і оптичну прозорість. Наноемульсії зазвичай виробляють за допомо-
гою високоенергетичних методів з використанням механічних приладів, здатних виробля-
ти інтенсивні руйнуючі сили, наприклад, гомогенізатори високого тиску та ультразвукові 
генератори. Розмір частинок наноемульсій, що утворюються за допомогою таких методів, 
тим менший, чим більше застосовується енергії. Рівень енергії, необхідної для утворення 
наночастинок, є дуже великим, внаслідок чого процес є економічно неефективним, особливо 
якщо врахувати те, що лише невелика частина цієї енергії витрачається на емульгування. 
Низькоенергетичні методи, навпаки, використовують внутрішню хімічну енергію систе-
ми, тому вони, як правило, більш енергетично ефективні, т. я. достатньо простого пере-
мішування, що в більшості випадків дозволяє отримати частинки меншого розміру, ніж з 
використанням високоенергетичних методів. Отримані результати підтверджують, що в 
основі як ТФІ, так і КФІ лежать ті самі механізми. Однак залишаються ще невирішені питан-
ня. Одне з них відноситься до можливості отримання НЕ з мінімальним розміром частинок 
та низькою полідисперсністю за допомогою методу КФІ. Скоріше за все кінетика процесу 
емульгування відіграє важливу роль у цьому методі, на який не звертали достатньо уваги. 
Отже, необхідно більше досліджень за цією темою. Більш глибоке знання механізмів форму-
вання НЕ за допомогою НЕМ дозволить проводити їх оптимізацію та послідовно розширю-
вати області їх застосування.

ПОЛУЧЕНИЕ НАНОЭМУЛЬСИЙ С ПОМОЩЬЮ НИЗКОЭНЕРГЕТИЧЕСКИХ МЕТОДОВ: 
ОБЗОР 
Ю.В.Соколов
Ключевые слова: наноэмульсия; низкоэнергетическое эмульгирование; 
самоэмульгирование; температура фазовой инверсии; композиция фазовой инверсии
Интерес к наноэмульсиям в последние годы постоянно растет, что подтверждается мно-
гочисленными публикациями и обзорами по этой теме. Этот растущий интерес вызван 
широким диапазоном применения в фармацевтической, косметической, пищевой, химиче-
ской промышленностях. Наноэмульсии (частицы субмикронного размера) имеют преиму-
щество перед обычными эмульсиями (частицами микронного размера) благодаря меньшему 
размеру, что обусловливает их устойчивость к осаждению и кремажу и оптическую про-
зрачность. Наноэмульсии, как правило, производятся с помощью высокоэнергетических методов 
с использованием механических устройств, способных производить интенсивные разруша-
ющие силы, например, гомогенизаторы высокого давления и ультразвуковые генераторы. 
Размер образующихся частиц наноэмульсий с помощью этих методов тем меньше, чем боль-
ше прикладывается энергии. Уровень энергии, необходимой для образования наночастиц, 
очень велик и вследствие этого неэкономичен, особенно если учесть, что лишь малая доля 
этой энергии расходуется на эмульгирование. Низкоэнергетические методы, наоборот, ис-
пользуют внутреннюю химическую энергию системы, зачастую более энергетически эф-
фективны, т. к. достаточно простого перемешивания, чтобы в большинстве случаев по-
лучить частицы меньшего размера, чем с использованием высокоэнергетических методов. 
Полученные результаты подтверждают, что в основе и ТФИ, и КФИ лежат одни и те же 
механизмы. Однако остаются еще нерешенные вопросы. Один из них относится к возмож-
ности получения НЭ с минимальным размером частиц и низкой полидисперсностью с по-
мощью метода КФИ. Скорее всего кинетика процесса эмульгирования играет важную роль 
в этом методе, который не принимался достаточно во внимание. Следовательно, необхо-
димо больше исследований по этой теме. Более глубокое знание механизмов формирования 
НЭ с помощью НЭМ позволит проводить их оптимизацию и последовательно расширять 
области их применения.


