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Fig. 1. Polymer grafted nanoparticle model. The white and
grey segments represent hydrophilic and hydrophobic seg-
ments, respectively. The blue and yellow patches corres-
pond to the grafting regions of the hydrophil (C) and hy-
drophobic (D) chains, respectively, and the red patch cor-

responds to the non-grafting region.
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Fig. 2. Typical structures during self-assembly processes of
flexible patchy nanoparticles: (a) Discrete structure; (b) den-
dritic structure; (c¢) columnar structure; (d) bilayer mem-

brane structure.
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Fig. 3. Phase diagram of flexible patchy copolymer self-as-
sembly structures varying with the parameter of the driv-
ing force and the segment length L. y¢ represents dendritic
structure; (J) represents a columnar structure; G repres-

ents a double-layer membrane structure.
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Fig. 4. (a) Phase diagram of self-assembled structure of grafted nanoparticles with different grafting density polymers. @ repres-

ents discrete structure; y¢ represents tree-like structure; (J represents columnar structure; @ represents double-membrane struc-

ture. (b) Schematic diagram of the structure of the double-layer membrane when & = 0.65, aas =45. (¢) Schematic diagram of

the structure of the double- membrane when & = 1.18, axs = 45.
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Fig. 5. Phase diagram of the influence of solvent-swollen
segment length on polymer morphology. y¢ represents tree-

like structure; (J) represents columnar structure; repres-

ents double-membrane structure.
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Fig. 6. Variation of the average membrane thickness of the
bilayer structure with the length of the hydrophobic solvent

chain.
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Fig. 7. Rdial distribution function g¢(r) of the central
particle in the system. Black line represents the dendritic
structure; red line represents the columnar structure; blue

line represents the bilayer membrane structure.

NIRRT R ESIE 3 A HL], Bl
BERIMT T A R A R AR AR 1K 8 AR T
TR R S F A (] ) AR AR X T ReRES Y, 14
AAETE WL R 22D 1 20 B A R AR 2 A 227

RGP RV BARGE A A 2L , 120 1 T R
[AIAHE 51 3 A K Sl X THORGE ), IR R 2 Heh
HEMAE I S EGAAR A IR B R, 2201 1
JERARSE A B 22 AR SSAL PR AR EE Y, e
HERASH B s X T XUZ A5, 7008 il 72
S0 T JorhEBRIRAR S RSN, I HRSEah T
B — Bt (o] 9 AR A A i 2H S R o B, e AR
RURIELEH . X — 18 IS R ] B e P P e
Z B) 9 IR 51 A FH R K TR 50 1) AR B AR DA &
L BH BN X = BRI F O 4G

X LEADRESHE | ARG | SUZ NRESHI Y
FALRE R A B, I HR B BUR A e e e X
HORE SCHEAE . A BUR K SRR PR B P A1
R EE B G MRS S K BE B R AR . 1%
P AL 4 5 o B AS B B VA 511 1] F) 5 T 425
TR LA B Jey Bl B i 5%, BETITERGE 1T SR PR SESR AL 4
HALT R H A4

BT T P A BREYeH A 2R B 4R S R Y
M, X5 LITERIBESE N BORZ A T IRHE B
AR B PR 28 F AL EE R A2 AN TR], BT Tt
A SR AL = 73 G AL TG I T — b ISR S
TR, B X SRR Y 4R T
BOR AR BUZR AR S5H , ik S 554 Rl AR R B

t<5Xx10°

5X10° <t <1x106

1x100 <t <2x10° 2x10% <t <5x106

FEkgEH

WUZ LS

8 BUREH . FEAREE R SUZ LS 1 A3 R P A RF 4

Fig. 8. Different conformations of the self-assembly process of branched, columnar, and double-layer membrane structures.
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Self-assembly of flexible patchy nanoparticles in solution”
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Abstract

The self-assembly of polymer grafted nanoparticles is more and more used in the field of functional
materials. However, there is still a lack of analysis on the dynamic transformation paths of different self-
assembly morphologies, which makes it impossible to achieve further precise regulation and targeted design in
experiments and industrial production. In this work the effects of patchy property, grafted chain length, ratio
and grafting density on the self-assembly behavior and structure of polymer grafted flexible patchy
nanoparticles are investigated by dissipative particle dynamics simulation method through the construction of
coarse-grained model of polymer grafted ternary nanoparticles. The influence and regulation mechanisms of
these factors on the self-assembly structure transformation of flexible patchy nanoparticles are systematically
studied, and a variety of structures such as dendritic structure, columnar structure, and bilayer membrane are
obtained. The self-assembly structure of flexible patchy nanoparticles obtained in this work (such as bilayer
membrane structure) provides a potential application basis for designing drug carriers. By precisely regulating
the specific structural characteristics of the system, it is possible to achieve efficient loading of drugs and

targeted delivery functions, thus significantly improving the bioavailability and effect of drugs.
Keywords: dissipative particle dynamics, self-assembly, dynamic pathways, flexible patchy nanoparticles
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