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Abstract. Polymer micelles (PM) are core-shell nanostructures formed by the self-assembly of 
amphiphilic block copolymers. Due to its hollow form and biocompatibility, it is an excellent drug 
carrier and has a wide range of uses in the pharmaceutical field. This review summarizes the latest 
developments in PM development and its applications. First, I explained the basic structure and 
several types of micelles. This process introduces experiments and parameters to control the shape 
of the vesicles used for drug delivery. Next, we talked about various common synthetic methods 
such as the solvent conversion method and the solvent-free method. In addition, we introduce 
polymer micelles into conventional pharmacies and the difficulties of modern medicine. Finally, it 
summarizes the morphology, synthesis method and application of PM in the medical field, and 
provides insights into the future development of vesicle degradation and the biocompatibility of PM 
preparation and the resulting morphology. In addition to the above, this article also introduces 
different methods of PM targeting, imaging, and triggered release in pharmaceutical applications. 
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1. Introduction 

Polymeric micelles (PMs) are nanosized polymer capsules with membranes that are generally 

considered to have a hydrophobic bilayer structure to phospholipids [1]. In the past decades, PMs 

have experienced vigorous development. PMs have been synthesized and have found potential 

applications in target positioning and as drug carriers for cancer [2], gene therapy [3], catalysts [4], 

and building materials [5]. In this review, we summarize the recent progress of synthesis and 

applications of PMs. We first discuss the morphology of polymer vesicles. The morphology of 

polymer vesicles is very important. The key assembly parameters determine what form the polymer 

vesicles will exist in, such as spheres, cones, truncated cones, or the corresponding reverse vesicles. 

Testing methods of CMC (critical micelle concentration) will also be introduced which has a 

significant impact on the synthesis of polymeric micelles. Bilayer and liposome are like twin brothers 

of micelles. The morphology of bilayer and liposome will also be introduced, and the influence of 

hydrophobicity and hydrophilicity on the production of different polymer vesicles will be explained. 

Then we further introduce synthetic methods which are an important subject in the study of polymer 

vesicles. Among them, solvent-switching techniques and solvent-free techniques are the most widely 

used technologies [5], but they still have many shortcomings. Therefore, this article will also 

introduce some other new technologies that have emerged in recent years, such as PISA 

(Polymerization-induced self-assembly) [14-17]. In addition, complex or large vesicles are also been 

a hot topic in recent years. The synthesis mechanism and technology of some such vesicles will also 

be introduced [18, 19]. Finally, some mature or potential applications would be introduced. For PMs, 

the most important application is its various applications as drug carriers due to its high similarity 

with cells’ membranes. However, after the drug enters the blood vessel, the cells that need to be 

released must be accurately located, otherwise serious side effects may occur. Therefore, some 

tumour targeting technologies and applications including passive targeting and active targeting will 

be introduced in this article. Additionally, PMs imaging methods include nuclear imaging, CT and 

MRI. After finally reaching the target cells, drug release is required. Some drug release response 

methods will also be introduced. 
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2. Morphology 

2.1. Solvent-switch method 

Block and graft copolymer micelles belong to a broad family of polymer colloids. This series 

covers self-associating, self-assembling, or self-organizing polymer systems with surfactant or 

colloidal properties. Improving the inherent pharmacodynamics or pharmacokinetics of drugs is 

considered an important step in the development of potential drug therapies. This section describes 

the latest achievements in the design and development of CPP-modified nanoscale pH-responsive 

micelles to provide controlled drug release in tumour cells. [14] 

 

Table 1. Advantages and disadvantages of different kinds of nanocarriers in DDSs.[13] 

2.2. The basic structure of lipid 

As one of the six nutrients required for the normal functioning of the human body, lipids provide 

the energy and essential fatty acids needed by the body and are also a constituent of human cell tissues. 

Besides, lipids are also a component of human cell tissue. Taking phospholipids as an example, 

modern biology has proven that it plays an important role in the composition of biological membranes, 

that’s all because phospholipids form a unique bilayer structure. Since the body fluid of the human 

body is an aqueous environment, the hydrophilic head of the phospholipid molecule contacts the body 

fluid outwards, separating the intracellular fluid from the internal environment. 
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Figure 1. Different morphology of micelles [A] normal form [B] reverse form [C] microstructure 

A detailed diagram of the phospholipid structure is shown in Figure 1(C) above. Biological 

membrane surfactants consist of phospholipids made up of glycerol esterified to two fatty acid chains 

plus a phosphate derivative polar head. The structure of it is RCH2-R’CH2-CH2-OPO3-X, where R 

and R’ = alkyl-CO2-. The headgroups may contain a variety of different terminal groups X. For 

example, in phosphatidylcholine: X = -CH2CH2-N(CH3)3. 

Due to the fluidity of the phospholipid bilayer, polymer micelles will easily serve as carriers to 

transport drugs to targeted organs or cells, which is undoubtedly a breakthrough for medical treatment. 

2.3. Formation of micelles 

Amphiphilic molecules (including phospholipids) can form micelles in both aqueous conditions 

and organic solvents. Micelles contain polar head groups that usually form the outside as the surface 

of micelles. They face the water because they are polar. The hydrophobic tails are inside and away 

from the water since they are nonpolar. The hydrophobic effect is the driving force for micelle 

formation. This is due to the strong hydrogen bond in water, which forces hydrophobic groups 

together to minimise their disruptive effect on the hydrogen-bonded water network. Hydrophobic 

groups arranged together in this way are sometimes said to be held by “hydrophobic bonds”, even 

though their attraction is principally caused by repulsion from the water. 

These amphiphilic molecules can structure themselves in a range of ways: micelle, liposome and 

bilayer sheet. A liposome consists of an aqueous core separated from the continuous aqueous phase 

by one or more spherical, bilayer membranes of surfactant molecules. They are simple models for 

biological cells, i.e., without proteins, and other cell contents, which will be a good drug carrier.  

3. Testing 

3.1. Testing 

3.1.1. Critical Micelle Concentration (CMC) 

Critical micelle concentration is a concentration of surfactants (amphiphilic molecules) above 

which micelles are spontaneously formed. The CMC can be established by monitoring the change in 

the surface tension of water with increasing concentration of surfactant. When the addition of 

surfactant has no further impact on surface tension, the CMC has been reached. 
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Figure 2. Surface tension vs concentration 

The surface tension of water will reach its maximum when no surfactant molecule is added. After 

starting to add the surfactant, the micelles will not be formed immediately, but will first line up on 

the water surface with the hydrophilic head facing down the water and the hydrophobic tail facing 

the water surface. When the surface of the water is filled with surfactant molecules, that is, the 

surfactant concentration reaches CMC, the surface tension of the water reaches the minimum. At this 

time, continue to add surfactant molecules, the surface tension of the water does not change, and 

micelles begin to form. 

It should be noted that the structure of micelles is determined by the surfactant (type, concentration 

and CMC) and the existing components (that is, completely water or hydrophobic solvent and salt 

concentration), therefore, a new parameter will be introduced to identify it, which will be explained 

in detail in the next section. 

3.2. Critical Packing Parameter 

3.2.1. CPP formula 

Micelle structures can be estimated visually by critical packing parameters. Critical packing 

parameter (CPP) shows a way on how surfactant molecular shape/interactions determine the 

aggregate geometry by using the formula below. 

CPP=v/a0`lc (unitless) 

Where, v = molecular volume of surfactant chain, a0 = area per surfactant head, lc = length of 

surfactant chain. 

That is, if it is assumed that each surfactant molecule is a solid cone (cylinder), the parameter v is 

the volume of the chain, which can be calculated as the volume on a cone (cylinder); a0 is the area of 

the head, which could use the area formula of a circle to calculate; lc is the length of the chain, as 

shown in Figure 3. 
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Figure 3. Away how assumes that the surfactant molecular as a cone (also can be a cylinder when 

CPP=1, which will be mentioned later) 

3.2.2. CPP according to morphology 

The value of CPP mainly divides the morphology of micelles into three stages. According to the 

size relationship with 1, the shape of each micelle is also different. To further distinguish the 

relationship between CPP and morphology is divided into the following five types, which represent 

different structures formed as micelles, bilayers and inverted micelles. 

For drug transportation, CPP less than 1/2 or even 1/3 is the best choice, because the micelles can 

maintain a spherical structure to protect the internal targeted drugs. If the CPP increases to close to 1, 

the morphology of micelles is more like a phospholipid bilayer, which is the main morphology of 

biological membranes. For CPP greater than 1, this form of inverted hydrophilic and hydrophobic 

groups will not exist in the human body in a water environment, but in some solutions dominated by 

organic solvent environments, this form still plays a role in transmits the substance in the vesicle. 

 

Table 2. The corresponding morphology of different CPP 
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4. Self-assembly parameters 

4.1. Formation mechanism 

The formation of block copolymer micelles depends on the attraction of the hydrophobic end and 

the repulsion of the hydrophilic end. According to the law of thermodynamics, the micelles are more 

stable when the surface free energy of the core-shell interface is smaller. At this time, the micelles 

contract, the interfacial area decreases, and the space repulsion force of the hydrophilic end increases; 

The interfacial tension and spatial repulsion force restrict each other, so that the micelles cannot gather 

or relax indefinitely to form micelles with stable particle size. 

4.2. Structure and proportion of copolymer block 

When the hydrophobic block of the block copolymer is longer and the proportion of hydrophobic 

block is larger, it is beneficial to solubilization; For example, poloxamer, with the increase of PPO 

block ratio, the larger the solubilizable core, the higher the micelle aggregation number, which is 

conducive to solubilization. Zhang et al. [20] reported that after derivatization of 

hydroxycamptothecin to form 10,20-di-isobutyl dicarboxylic acid camptothecin, the drug loading in 

palla-peg-palla increased from 1% to 7%; According to the author's observation, the hydrophobic 

block has good crystallinity, small space for the drug in its core and poor solubilization. For example, 

PEG-PCL has less solubilization to HCPT than peg-pulla. 

4.3. Solvent 

The effect of different polarities of solvent on each block is different. The rule is that the closer 

the polarity of the hydrophilic block is to that of solvent, while the farther the polarity difference 

between hydrophobic block and the solvent is, the larger the aggregation number of micelles is, which 

is more conducive to solubilization [3]. Paschalis alexandrites [4] has shown that Pluronic acid can 

be produced by using formamide water and ethanol-water as mixed solvents dissolved 

inhomogeneous phase, which was not conducive to the formation of micelles; However, the effect of 

glycerol water cosolvent is just the opposite. 

4.4. Temperature 

Generally, in polar solvents such as water, the temperature increases to promote the formation of 

micelles, such as PEO-PPO-PEO aqueous dispersion system; However, the reverse micelles formed 

in a nonpolar solvent were not formed when the temperature was raised (6). Thermosensitive micelles 

such as PEO-PPO-PEO [2] micelles, pnippa-paa [7] micelles and peo-pla-peo micelles; When the 

temperature increases, the hydrophobicity of the core increases and CMC decreases, which is 

beneficial to the formation of micelles; Further increasing the temperature can make the micelles 

crosslinked and form gels. This temperature is called the lowest critical solution temperature (LCST). 

In vitro, the thermosensitive micelles are liquid when injected into the body, and gel can be formed 

after injection into the body, to release the drug [8]. 

5. Conclusion 

In this review, we introduced the morphology, synthesis method of PMs as well as their 

applications in the medical field. From the initial hollow vesicles to the now complex and large smart 

vesicles, the technology of polymer vesicles is changing with each passing day. Therefore, further 

researches are emphasizing producing PMs that have a longer shelf life and better environmental 

adaptability. 
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