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Abstract  

This study investigated the self-assembly behavior of active telechelic polymers with complex topological structure 
bydissipative particle dynamics method. Complex topologies include structures with end groups, such as"line", "star" and 
"tadpole", and structures without end groups, such as"ring", "flower" and "cage". The self-assembly structure distributions 
of polymers with complex topological structure in different solvent conditions were analyzed. These complex topologies are 
formed through cross-linking reactions between end groups of active telechelic polymers. The simulation results shown that 
the topological polymers could self-assemble to form micellar structure such as hollow vesicles, spherical, lamellar, and 
tubular micelles in dilute solutions. Topological polymers without end groups were more likely to form dense spherical 
micelles, ellipsoid micelles and vesicle. The "core" formed by the active end groups of telechelic polymers was embedded on 
the surface and inside of the micelles. The statistical results could reveal the conditions and self-assembly mechanism of self-
assembled micelle structure of various topological polymers. The results of computer simulation research can open up 
research ideas in experimental scientific design and preparation of complex topological polymers. The results can provide 
theoretical support for obtaining thermodynamically stable self-assembled structure and support the development of new 
materials. 
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1. Introduction 

Topological structure is the mainintrinsic factor determining 

the properties of polymers materials.[1] In order to obtain 

accurate advanced materials with long range order, researchers 

can change the topological structure of polymers from the 

research source to achieve the regulation of advanced self-

assembled structure. At present, more and more researchers 

are designing and synthesizing topological polymers with 

novel structure to obtain polymer materials with unique 

properties.[2-4] These polymer materials have regular self-

assembly structures. Previous studies have found that the same 

composition of polymers with different topological  

morphology could form complex micelles under the same 

conditions.[5] These micelles show great differences in particle 

size, morphology, temperature and other environmental 

sensitivity. 

Telechelic polymers are a special form of line hetero 

polymers that generally have the same end group at both 

ends.[6] Such polymers with bi-functional end groups can be 

synthesized experimentally by free radical initiators or chain 

transfer agent with specific functional groups. Since the active 

end groups of telechelic polymers can further react, telechelic 

polymers are usually used as cross-linking agent, chain 

extender or macromolecule. Which can build polymers with 

complex topological structure such as block copolymers, graft 

copolymers, hyperbranched polymers and dendrimers, etc. 

Therefore, significant economic and research value belong to 
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this active telechelic polymer.[7-14] At present, telechelic 

polymers have been widely used in biomedicine, optical 

research, chemical production and other fields.[15-18] As a new 

carrier of water-soluble drugs, amphiphilic Lipid-PEG can 

self-assemble into nearly spherical micelles in aqueous 

solution, which can well control the release of hydrophobic 

drugs. The functional pattern surfaces, obtained from surface 

pretreated and solution impregnated end-anchored 

fluorescent-labeled polymethyl methacrylate (PMMA) 

ultrathin films can be applied to sensing, light harvesting, or 

organic electronics. Studies in the production and prepolymer 

of lactyl-lactic acid found that carboxyl terminal bonding can 

improve the thermal stability of polylactic acid polymer. 

Hydroxyl terminal bonding can improve the production speed 

and efficiency of lactyl-lactic acid. 

With the advancement of synthesis technology, a variety of 

polymers with complex topological structures can be 

synthesized by using telechelic polymers as intermediates. 

These complex topological polymers can be further self-

assembled to form rich and ordered nanostructure. A series of 

research results show that the alkynyl-terminated telechelic 

polyimide can effectively enhance the mechanical properties 

of carbon fiber cloth.[19] The water resistance and mechanical 

properties of the waterborne polyurethane-polymethyl 

methacrylate film prepared by the reversible addition chain 

transfer radical polymerization method have been obviously 

improved.[20] A series of carboxyl-terminated telechelic 

polyolefin prepolymers with high heat resistance can be 

synthesized by ring-opening metathesis copolymerization.[21] 

Therefore, clarifying the mechanism of complex topological 

structure and its self-assembly structure based on telechelic 

polymer can provide a bottom-up analysis for the development 

of materials with ideal properties. Furthermore, polymers can 

be adjusted to obtain ideal materials through controlling the 

topological structure of amphiphilic polymers. 

In order to study the effect of topological structure on self-

assembly behavior of polymers, it is necessary to clearly 

understand the self-assembly dynamic mechanism of 

polymers with various topological structures.[22,23] Due to the 

fast process it is difficult to observe the polymer self-assembly 

in detail at microscopic and mesoscopic scales in experimental 

studies.[24] For this reason, computer simulation shows innate 

superiority. Computer simulation can effectively make up for 

the experimental research constraints of micro/mesoscopic 

scale dynamic self-assembly behavior of the polymer 

structure.[25,26] By designing chemical or topological different 

molecular structure, various stability state of multistage self-

assembled aggregation structure can be predicted and applied 

to further predict their physical and chemical properties.[27] As 

the finding by Ma et al.,[28] the degree of stretching of polymer 

chain gradually grown with the increase of (A,B)in spherical 

micelles and vesicles. The degree of stretching of hydrophobic 

segment (B) decreased when the morphologies changed from 

sphere to disk-like micelle. The results of computer simulation 

can not only be used as a theoretical guide to explain the 

experimental results,[29] but also predict the form of 

macromolecule self-assembly aggregates from the molecular 

structure, providing design schemes for screening new 

materials.[30] Moreover, the vesicles formed by composite 

materials can better meet the actual demand, and show the 

potential for application in the fields of drug therapy and 

cosmetics due to the designability of composite materials.[31-33] 

In this paper, dissipative particle dynamics (DPD) method 

was employed to study the self-assembly behavior of various 

complex topological polymers based on active telechelic 

polymers. Complex topological structure such as “line”, “star”, 

“tadpole”, “ring”, “cage” and “flower” were formed by cross 

linking reaction between active end groups. We further 

counted the micelle structure formed by self-assembly of 

polymers with various topological structure, and explained the 

formation mechanism of micelle structure. Through the 

detailed statistics of the self-assembled micelle structure of 

polymers with various topological structure, we analyzed the 

formation conditions of micelle structure and clarified the 

formation mechanism of micelle structure. 

 

2. Method and model 

Dissipative particle dynamics (DPD) method is a coarse-

grained simulation method at mesoscopic scale, which was 

invented and developed by Hoogerbrugge and Koelman in 

1992 and successfully applied by Groot and Warren in 

1997.[34,35] In DPD, each particle (usually called a bead) 

represents the entire molecular fragment or fluid element. This 

feature allows DPD method to use a large integral time step 

and conduct time dynamics simulation at mesoscopic scale.[36] 

 

2.1 Simulation method  

DPD method is a mathematical calculation method based on 

the classical Newton equation of motion.[37] 
dri

dt
= vi, mi

dri

dt
= fi                                        (1) 

represents the force on bead I, which are respectively 

conservative force  dissipative force  and random force . All 

DPD beads are under the action of these three forces.[38] 

In addition, under certain collision rules, the bead-spring 

model constructed by DPD omits atomic details to some extent, 

retaining the main information that characterizes the 

simulation system. In DPD simulation, a group of atoms or 

molecules be coarsely grained into a DPD particle. The initial 

DPD method introduced random and dissipative forces 

according to the fluctuation dissipation theory. Later, Warren 

and Española added conservative forces into the DPD force 

field.[39] The interaction force between the three beads is only 

valid within the range of cut-off radius under boundary 

conditions: 

𝑓𝑖 = ∑ (𝐹𝑖𝑗
𝐶 + 𝐹𝑖𝑗

𝑅 + 𝐹𝑖𝑗
𝐷 + 𝐹𝑖𝑗

𝑆)𝑖≠𝑗                     (2) 

𝐹𝑖𝑗
𝐶=𝑎𝑖𝑗(1 − 𝑟𝑖𝑗)𝑒𝑖𝑗                    (3) 

𝐹𝑖𝑗
𝐷 = −𝛾𝜔𝐷(𝑟𝑖𝑗)(𝑒𝑖𝑗 · 𝑣⃗𝑖𝑗)𝑒𝑖𝑗           (4) 

𝐹𝑖𝑗
𝑅=𝑇𝜎𝜔𝑅(𝑟𝑖𝑗)𝜉𝑖𝑗𝑒𝑖𝑗                         (5) 
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where, αij is the repulsive amplitude between beads; rij = ri - rj, 

representing the relative coordinates between the two 

beads;𝑒𝑖𝑗 = rij ⁄|rij| , denoting the directional displacement of 

mass center from bead J to bead I. 𝛾  represent the strength 
coefficient of dissipative force, and the the strength coefficient 

of the random force is σ. ωD is the relative friction between 

different DPD beads, and ωR is the magnitude of random force 

between the same beads[40]: 𝜔𝐷 (𝑟𝑖𝑗 )=[𝜔𝑅(𝑟𝑖𝑗)]
2
 .𝜎2 =2 𝑘𝐵𝑇 , 

kB is Boltzmann constant, T is temperature and k is spring 

constant. 

 

2.2 Model building 

In this article, a schematic diagram of the telechelic polymer 

is shown in Fig. 1. The end groups on telechelic polymer are 

reactive and can construct polymers with complex topological 

structure through cross-linking reaction betweenthe end 

groups. Conditions for the formation of complex topologies is 

baesd on the formation of chemical bonds by active end 

groups through cross-linking reactions. So, complex 

topologies formed by fixed short chain cross-linking were 

designed and generated in model. This paper examines a 

variety of complex topologies as shown in Fig. 2. “ N” 

represents the number of AB8A-type telechelic polymers that 

constitute the secondary topology polymer, which is defined 

as the secondary topology in this paper. According to the 

structural characteristics, these topological structure are 

divided into "line" and "star" with end groups,"flower", "ring" 

and "cage" without end groups, and composite structure with 

both free end groups and closed rings such as "Tadpole". 

 

Fig. 1 Schematic diagram of telechelic polymers. 

 

The simulations of 81000 DPD particles at a number 

density 3 performed in a cube box with a size of 30 × 30 × 30 

with periodic boundary conditions. The copolymer volume 

fraction is 0.1 unless otherwise stated. The interaction 

parameter ij determined by the characteristic of the beads 

(either hydrophilic or hydrophobic). We take the interaction 

parameter between the beads as motion (6). 

𝑎𝑖𝑗 = (

𝐴 𝐵 𝑆
𝐴 25 α(𝐴, 𝐵) 25
𝐵 α(𝐴, 𝐵) 25 α(𝐵, 𝑆)
𝑆 25 α(𝐵, 𝑆) 25

)                (6) 

The Newton equations for all particles was integrated using 

Groot-Warren Velocity Verlet (GWVV) algorithm with λ=0.65 

 =4.5, σ=3, dt =0.04, and the integral step length was 

5×106.The cut-off radius (rC), bead mass (m) and temperature 

(kBT) were allset as 1.0, which were based on previous studies 

and arguments.[35,41] 

 

Fig. 2 Different topologies composed of telechelic polymers. 
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2.3 Results and discussion 

We investigated self-assembly micelles with different 

complex topological structure. Typical micelle aggregates 

formed by self-assembly of various topological polymers were 

exhibited in Fig. 3. “Line” and “star” type tended to form cross 

layer and lamellar micelles, self-assembly of “tadpole” 

appeared lameller and spherical micelles alternately, “ring” 

type formed ellipsoid vesicle, “cage” formed vesicles, “flower” 

type self-assembled to enchased spherical micelles. 

Furthermore, the effects of solvent conditions, interactions 

between polymer components, secondary topological 

structure and chain length of telechelic polymer unit on the 

assembly aggregates was studied in this paper, and this study 

analysed the results. 

 

Fig. 3 Snapshoots for self-assembled micelles with diverse 

topologies in the condition of N=3, α(B,S)=50, α(A,B)=100. 

 

Fig. 4 shown that the number distribution of the main 

micelle morphology along the X-axis of hydrophilic block (A) 

and hydrophobic block (B) in the simulation box. Lamellar 

and cross laminated micelles were continuous in the box, and 

the hydrophilic block (A) and hydrophobic block (B) had the 

same curve trend on the coordinate graph. A series of spheroid 

micelles, such as vesicles, ellipsoidal vesicles and spherical 

micelle, only existed in a small part in the simulated box due 

to their characteristics. The distinguishing characteristic 

between spherical micelles and vesicles was that the peaks and 

valleys of the coordinate graph of hydrophilic segment (A) and 

hydrophobic segment (B) were almost the same. The peak of 

curve A corresponds to the valley of curve B in vesicles and 

ellipsoid vesicles. Curve Bhad two (ellipsoid vesicles) or three 

peaks (vesicles), which was the characteristic of hollow 

structure reflecting in the coordinate graph. 

 

2.4 Effect of solvent condition on self-assembled structure 

In this paper, the end group (A) of the active telechelic 

polymer was set as hydrophilic block. And the self-assembly 

behavior of the polymer was driven by the hydrophobic effect 

of hydrophobic non-reactive block (B). We systematically 

changed the values of (B,S) to adjust the hydrophobic effect 

of the polymer, and counted the self-assembly structure 

distribution of the polymer with various complex topological 

structure under different solvent conditions (Fig. 5). 

The secondary topology (the number of telechelic polymer 

chains that make up the topology) N was set to 3 as (A,B) is 

set to 100, five micelle morphologies were observed: cross 

laminated, lamellar, vesicle, ellipsoidal vesicle and disk  

micelles. The typical aggregates shown in Fig. 5(b). According 

to the results, the solvent effect changed the self-assembly 

structure of the polymer directly. “Line” and “star” self-

assembly form cross lamination and lamellar micelle:  Under 

the condition of low block hydrophobicity (B,S)=50-70, the 

self-assembly micelle is cross; when the hydrophobicity 

increases (B,S)≥80, standard lamellar micelle appeared. 

Under the same solvent condition (B,S)=80,  we observed 

that the self-assembled structure changes from lamellar to 

vesicle with the transition from “line” with end group to “cage” 

without end group from the perspective of structural changes 

in topology. The tadpole with end group and loop self-

assembled lamellar and vesicle micelle as the similar variation 

rule as “ring”. It's worth noting that in both “flower” and 

“cage”, the active end groups form the cross-linked kernel due 

to the absence of end groups in the polymer topology, causing 

hydrophobic blocks (B) tend to aggregate to ellipsoidal 

vesicles with hollow structure. Compared with the flower type, 

the end groups of the cage was looser, which made the 

molecular movement of the hydrophobic segment relatively 

free in the process of self-assembly, and resulting in the 

appearance of spherical vesicle similar to “ring”. With the 

 
Fig. 4 The number distribution of the main micelle morphology along the X-axis of hydrophilic block (A) and hydrophobic block 

(B). 
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increase of (B,S), spherical vesicles transformed into 

ellipsoid vesicles driven by strong hydrophobic effect. This is 

because of the compatibility between the hydrophobic blocks 

(B) and solvent. 

 
Fig. 5 In the condition of α(A,B)=100, N=3: (a) Morphological 

diagram of micelles formed by diverse topologies in term of 

interaction parameters α(B,S). (b) Representative morphological 

snapshots are illustrated for various α(B,S) cross laminated, 

lamellar, ellipsoidal vesicle, ⚫vesicle, disk. 

 
Fig. 6 In the condition of αAS=200, αBS=50, snapshots for self-

assembled micelles with diverse topologies. 
 

We also investigated the self-assembly behavior under both 

hydrophobic condition of (A, S)=200, (B,S)=50. Most self-

assembled structures are spherical, and a few are rod micelles 

surrounded by weak hydrophobic segments (B). The 

morphology of segment A only can be retained and observed 

in Fig. 6 a helical structure centered on a small lump of 

segment A aggregates. "Cage" and "flower" were special 

compared to other structure consisting of two or three lines 

forming helical micelles, their self-assembled helical micelles 

were composed of multiple circles. The self-assembly process 

shown in Fig. 7, segment A gradually gathered and formed 

helical structure from scattered distribution at the beginning. 

The results show that when the end group is hydrophobic, the 

activity of end group is limited in the process of self-assembly 

due to the high content of the hydrophilic chain segment. So, 

the hydrophobic end group continuously forms a helical 

structure after aggregation, this phenomenon is less affected 

by the topology. The structure snapshots of flower and linear 

topology in Fig. 6 can prove it. In addition, the model selects 

soft interactions where hydrophobic end groups are prone to 

aggregate continuously to form helical structures. 

 
Fig. 7 In the condition of α(A,S)=200, α(B,S)=50, Sequential 

snapshots of formation of micelles obtained. 

 
2.5 Effect of polymer component interaction on self-

assembled structure 

This study investigated the effect of compatibility between the 

hydrophobic blocks (B) and hydrophilic segment (A) on the 

self-assembled structure. We regulated the interaction between 

components by systematically changing the values of (A,B). 

The morphology of various micelles was shown in Fig. 8, 

under the conditions of strong hydrophobicity (B,S) =50,100, 

200 and secondary topological structure N=3. With the 

increase of the hydrophobic interaction of the segment B, the 

micellar structure formed by the telechelic polymer with 

complex topology becomes more and more complex, and the 

number of micellar structures increases with the increase of 

(B,S). When (B,S)=200, Five kinds of self-assembly 

aggregates observed: lamellar, vesicle, spherical, disk and 

tube-like micelles. Under strong hydrophobic condition, 

component interactions had no obvious effect on self-

assembly in “line”, “star”, “tadpole” and “ring” topologies: the 

major micelle was lamellar. The tube-like micelle of “tadpole” 

form with (A,B)=60 and vesicle of “ring” form with (A,B) 

=70. Due to the existence of fixed cross-linked kernel in the 

structure of cage and flower, the self-assembly structure were 

obviously affected by component interaction parameters. The 

cross-linked kernel of “cage” is loose, resulting in the self-

assembly structure is intermediate between “ring” and 

“flower”. “Cage” self-assembly formed tube-like, lamellar 

and vesicle micelles. The “flower” changed from (A,B)=50 

to (A,B)=150 as the self-assembly structure changed from 

ellipsoid vesicle to collapsed red cell structure and then to 

vesicle with hollow inner ring. The biconcave disk similar to 

red cell was formed with (A,B) = 60-80. 

 

2.6 Effect of secondary topological structure (N) on self-

assembled structure 

We investigated the effect of the number N of AB8A type 

telechelic polymer composing the secondary topological 

polymers on self-assembly. Fig. 9 showed the morphology of 

N=1-6 self-assembly under the condition of (A,B)=100 and 

(B,S)=50. Five kinds of self-assembly aggregates were 

observed: cross laminated, lamellar, spherical, vesicle, and 

ellipsoidal vesicle micelles. “line” self-assembly mainly forms 

lamellar micelles except for ellipsoidal vesicle at N=1. With 

the increase of N and the aggregation of hydrophilic block (A), 

the “star” structure would form lamellar micelles and vesicles  
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Fig. 8 Morphological diagram of micelles and representative morphological snapshots formed by diverse topologies in term of 

interaction parameters α(A,B) in the condition of α(B,S) and N=3. (a) α(B,S)=50. (b) α(B,S)=100. (c) α(B,S)=200. lamellar, sphere, 

tube-like, ⚫vesicle,  ellipsoidal vesicle, disk. 

 

respectively: lamellar at N=3,4 and vesicles at N=5,6. 

“Tadpole” formed vesicles at N=2,6, and the rest of the 

micelles were lamellar. The micelles of “ring” would change 

from vesicle to lamellar with the increase of N: the lamellar 

micelle was above 3, and ellipsoidal vesicle was below 3. 

Because of the cross-linked kernel aggregated by the 

hydrophilic segments (A), both “cage” and “flower” tended to 

form spheroid micelles. “Cage” only formed spherical 

micelles when N=6, and the others were vesicle micelles. 

When N=2 and N=3, the "flower shaped" topological structure 

is self-assembled to form ellipsoidal vesicles. When N>3, the 

self-assembled structure is spherical micelles, because the 
formation of vesicle structure is limited by the large content of 

hydrophilic chain segment (A). In addition, the self-assembly 

morphology of other topologies also varies significantly with 

the change of N. 

 

Fig. 9 Morphological diagram of micelles (a) and representative 

morphological snapshots (b) formed by diverse the number of 

components of the topology in the condition of α(A,B)=100, 

α(B,S)=50. cross laminated,lamellar, sphere,  ellipsoidal 

vesicle, ⚫vesicle. 
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Fig. 10 Morphological diagram of micelles (a) and representative 

morphological snapshots (b) formed by diverse the chain length 

of telechelic polymer in the condition of α(A,B)=100, α(B,S)=60, 

N=3.cross laminated,lamellar, rod-like,  ellipsoidal 

vesicle, ⚫vesicle. 

 

2.7 Effect of chain length (L) of the telechelic polymer unit 

on self-assembled structure 

Under the condition of α(A,B=100, α(B,S )=60 and polymer 

number N=3, we explored the effect of chain length L of 

telechelic polymer unit on self-assembly structure (Fig. 10). 

Five kinds of self-assembly aggregates were observed: cross 

laminated, lamellar, rod-like, ellipsoidal vesicle and vesicle 

micelles. With the increase of L, the frequency of vesicle 

micelles will increase, while the lamellar micelles will 

decrease. It found that shorter hydrophobic chains form 

vesicles with larger cavities. 

 

2.8 Analysis of formation mechanism of vesicle 

We studied the formation mechanism of vesicles and ellipsoid  

vesicles (Fig. 11). The formation process of vesicles can be 

observed in Fig. 11 (a): in the initial state, the scattered 

polymer chains first formed lamellar micelles driven by 

hydrophobic interactions, then continued to bend toward the 

center, and finally closed to form vesicle. Figs. 11 (b) and (c) 

showed the formation process of ellipsoid vesicle: lamellar 

micelles were formed first, then multiple small vesicles were 

formed by bending and closing, and then these small vesicles 

approached spontaneously through Brown motion. When the 

distance was close enough, the vesicles would contact together 

on the surface, and finally the internal cavities of small 

vesicles connected to form the cavity of large ellipsoid vesicle. 

The mechanisms of vesicle formation are consistent with the 

results of Wang et al. and Jia et al..[42 ,43] 

 

Fig. 11 Sequential snapshots of formation of vesicles and their dominant morphologies obtained from (a) ring, (b)star, (c) tadpole. 
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Fig. 12 Structural model and size representation of vesicles. (a) Models of the long axes (Lin) and short axes (Din) of vesicles 

Structural, (b) Variation curve of Lin×Din with α(B,S), (c) Variation curve of the thickness of vesicle wall with α(B,S).  

 

At the same time, in order to compare the size of vesicle 

cavities more intuitively, based on the ellipse area formula: S 

=π×Lin×Din/4, Fig. 12(b) multiplys the Lin×Din values of the 

major and minor axes of the vesicle. In the condition of α(A,B) 

=100, N=3, Figs. 12(b) and (c) show that self-assembled 

vesicles with "tadpole" not only have the thinnest vesicle wall, 

but also have the largest vesicle cavity when α(B,S)≤80. 

However, under the conditions of α(B,S)=90 and 100, although 

vesicles have the thickest vesicle wall, the size of vesicle 

cavity is still the second largest after the "ring". However, 

vesicles of the "ring" have the thinnest vesicle wall and the 

largest vesicle cavity under the conditions of α(B,S)= 90 and 

100, and also have small vesicle wall and vesicle cavity under 

the condition of α(B,S)≤80. Because of the particularity of 

"cage" and "flower", small vesicle cavities are common. 

However, when α(B,S)=70, "cage" has the largest vesicle 

cavity, which is slightly smaller than that of "tadpole". 

The ratio f of the length of the major and minor axes of the 

vesicle cavity are listed in Table 1. The f of ideal spherical 

vesicle is 1, and vesicles with f < 1.5 are counted as spherical 

vesicles in our research. 

Table 1. In the condition of α(A,B)=100, N=3, the ratio f of the 

length of the major and minor axes of the vesicle cavity. 

 50 60 70 80 90 100 

tadpole  1.93 3.20 1.03 2.09 1.70 

ring 4.67 5.23 1.33 1.11 1.13 1.33 

cage 5.85 1.88 1.40 2.53 3.34 1.23 

flower 3.76 6.00 5.89 3.22 3.28 2.26 

 

3. Conclusion 

We studied the self-assembly of telechelic polymers with 

various complex topologies in dilute solution by using 

dissipative particle dynamics (DPD). The morphology and the 

phase diagram of the self-assembly of telechelic polymers 

were obtained by varying the interaction parameters between 

solvent and hydrophobic block (B), interactions between 

polymer components, secondary topological structure and 

chain length. The results showed that topological structure 

with loop were more likely to self-assemble into spheroid 

micelles such as vesicle, ellipsoidal vesicle and disk micelles 

in weakly selective solvents. However, in highly selective 

solvents, the self-assembly aggregates of all structure were 

lamellar except “cage” and “flower” due to the cross-linked 

kernel forming spherical micelles. Under the condition of 

hydrophobicity, the segments A with higher hydrophobicity 

would form continuous double helix structure. The vesicle 

structure with larger cavitiy were formed by shorter 

hydrophobic chains, while the vesicle structure formed by 

long hydrophobic chains were easier to form. Finally, different 

results been obtained from the mechanism of vesicle 

formation: the vesicles formed by the bending and closing of 

lamellar micelles, while the ellipsoid vesicles formed by the 

contact and fusion of several small vesicles. The simulation 

result can support for the experiment in theory by predicting 

the properties of polymer with complex topology structure and 

provide valuable microscopic insights guiding 

experimentalists to design functionalized materials by 

changing the selective of solvent, the chain length and the 

component of polymers. 

The topological structure also affects the size of vesicle 

cavities and vesicle walls. Vesicles with free-chain topology 

have thinner vesicle walls and larger vesicle cavities in weakly 

selective solvents, while in strongly selective solvents the 

vesicle walls are thickened but still maintain large vesicle 

cavities. On the contrary, with ring topology, which is cross-

linked from the hydrophilic end groups of the polymer chain, 

has thinner vesicle walls and larger vesicle cavities in the 

strongly selective solvent, while in the weakly selective 

solvent, it has thick vesicle walls but still maintains a large 

vesicle cavity. However, the vesicles of polymers with 

agglomerated hydrophobic block structure "flower" and 

"cage" are generally thick vesicle walls and small cavities. 
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