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Abstract

We employ the dissipative particle dynamics (DPD) to examine the self-assembly
behavior of A;-star-(B-alt-C) molecules in the melt and solution regimes. In the melt,
we successfully observe various types of hierachical structure-within-structures, such as
B and C alternating layers in parallel-within-lamellae, coaxial B and C alternating
domains within hexagonally packed BC-formed cylinders in the A-matrix, and
co-centric BC-alternating domains within BC-formed spheres in the A-matrix, by
increasing the A composition. We can find that When the copolymer chain length

increases, though the hierachical:stracture type 1S maintained, the number of

e

small-length-scale lamellae that can fo,rrln \?v'?c.hin the large-length-scale structure
increases and thickness of small-léhg‘.dil-scale larllléllcae are not all the same. In the
solution , various types of hierachical structure-within-structures, such as B and C
alternating layers in parallel-within-lamellae, coaxial B and C alternating domains
cladding with A within BC-formed cylindrical micelles, coexistent with coaxial B and C
alternating domains cladding with A within BC-formed cylindrical micelles and
co-centric BC-alternating domains cladding with A within BC-formed spherical
micelles, co-centric BC-alternating domains cladding with A within BC-formed

spherical micelles, coexistent with co-centric BC-alternating domains cladding with A

within BC-formed spherical micelles and segmented worm-like micelles, segmented
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worm-like micelles are observed when an A-selective solvent is added. There are more
variation of the self-assembly behavior in the solution regime than in the melt regime.
The specially interesting is the sphere micelles variation from co-centric BC-alternating
domains cladding with A within BC-formed spherical micelles to segmented worm-like
micelles when totally polymerization increasing, alternating blocks polymerization
increasing, A composition decreased and copolymers volume fraction decreased that we
call them N effect, g effect, fa effect and ¢ effect. We also observe spherical micelles
size decreased to accompany with small-length?_scale lamellae decreased when

copolymers volume fraction decreased that never beobserved in the melt regime. These

—

hierarchical structure-within-structures in fﬁ? solution regime are reported for the first

time in the copolymers systems c'('v)ﬁsisﬁng of the éilgernating blocks.
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Figure Captions

Figurel.  Schematic plot of A,-star-(B-alt-C) copolymers. The red, green, and blue
colors represent A, B, and C, respectively.

Figure2.  Phase diagram of A,-star-(B-alt-C) copolymers with g=1 in terms of the
polymerization N and composition fa when aag= asc =100, and apc =120.

Figure3. Phase diagram of A,-star-(B-alt-C) copolymers with g=2 in terms of the
polymerization N and composition fa when aag= asc =100, and apc =120.

Figure4.  Morphology variation of Az-star-_(.B—alt-C) copolymers (g=1) with fa when
N=25, aaxp= aac =ags= acs =100; aA\s=2._5, fmd axC ;120._

Figure5.  Morphology Variati.on and Icof‘_i;spondmg molecular arrangements of
Aj-star-(B-alt-C) copolymers (q='f1') w1th N and fA Whén axg= aac =100, and agc =120.
Figure6. (a) Morphology variation of Az.—star—(B—alt—C) copolymers (g=2) with fa
when N=25, axp= aac =100, and agc =120. (b)Morphology variation and corresponding
molecular arrangements of A,-star-(B-alt-C) copolymers (g=2) when N=35, f,=0.43,
aap= aac =100, and apc =120. (c) Morphology variation of A,-star-(B-alt-C)
copolymers (¢=2) with N and fa when aag= asc =100, and agc =120.

Figure7.  Time evolution of morphology for A,-star-(B-alt-C) copolymers (¢g=1)
when N=13, fa=0.54, axg= aac =aps= acs =100, axs=25, and agc =120, respectively,
simulated in a box of 15x15x15.
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Figure8.  Time evolution of morphology for A,-star-(B-alt-C) copolymers (¢g=1)
when N=25, fa=0.52, axg= aac =aps= acs =100, axs=25, and agc =120, respectively,
simulated in a box of 24x24x24.

Figure9.  Time evolution of morphology for A,-star-(B-alt-C) copolymers (¢g=1)
when N=35, fa=0.54, axg= aac =aps= acs =100, axs=25, and agc =120, respectively,
simulated in a box of 24x24x24.

Figure10. Time evolution of morphology for A,-star-(B-alt-C) copolymers (¢g=1)
when N=37, fa=0.41, axg= aac =aps= acs =100,_ axs=25, and apc =120, respectively,
simulated in a box of 24x24x24.

Figure1l. Time evolution of momhélgg-%br Az-stal.f—(B—alt—C) copolymers (g=2)
when N=25, /y=0.52, aau= aac Sdns= tres =100, QA5=25, and anc =120, respectively,
simulated in a box of 24x24x24.

Figure1l2.  Time evolution of morphology for A,-star-(B-alt-C) copolymers (¢=2)
when N=35, fa=0.54, axg= aac =aps= acs =100, axs=25, and agc =120, respectively,
simulated in a box of 30x30x30.

Figure13.  Phase diagram of A,-star-(B-alt-C) copolymers with g=1 and f3=0.54 in
terms of the polymerization N and volume fraction of copolymer ¢ when aag= aac =100,

and agc =120.

Figure14. Phase diagram of A,-star-(B-alt-C) copolymers with ¢g=2 and fa=0.54 in
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terms of the polymerization N and volume fraction of copolymer ¢ when aag= aac =100,
and agc =120.

Figure15. Morphology variation of A,-star-(B-alt-C) copolymers (¢=1) with ¢ when
fa=0.54, N=25, apg= aac =aps= acs =100, axs=25, and agc =120.

Figure16. Morphology variation of A,-star-(B-alt-C) copolymers (¢g=1) with (a)

¢ =0.5, (b) 6 =0.3 and (c) ¢ =0.2 when fa=0.54, N=35, aas= aac =aps= acs =100,
aas=25, and apc =120.

Figure17. Morphology variation of Az-star-_(-B-alt-C) copolymers (¢g=2) with ¢ when

fAZO.SZ, N=25, apng= aac =aps—dcs ZIQ_O, aAszS, and asc =120.

Figure18. Morphology Variati.on of A!z- .%;-';(Bfalt—C)_ copolymers (¢g=2) with ¢ when
fa=0.52, N=33, apg= aac =aps= aéé :.120:0’ aAS=2I5, .Q,Il(.i apc =120.

Figure19. (a) Morphology variation of Az.—star—(B—alt—C) copolymers (¢g=2) with N
when f,=0.52, $=0.2, aag= aac =aps= acs =100, axs=25, and agc =120. (b) Morphology
variation of A,-star-(B-alt-C) copolymers (g=1) with N when f,=0.54, $=0.2, asg= aac
=ags= acs =100, ars=25, and agc =120.

Figure20. Phase diagram of A,-star-(B-alt-C) copolymers with ¢g=2 and N=33 in
terms of the composition f; and volume fraction of copolymer ¢ when axg= aac =100,
and agc =120.

Figure2l. Morphology variation of A,-star-(B-alt-C) copolymers with (a) g=2,
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f4=0.76, ¢ =0.46 (b) g=2, fa=0.52, ¢ =0.23, (c) g=2, fa=0.27, ¢ =0.15 and (d) ¢g=1,
fa=0.27, & =0.11 when N=33, asp= asc =aps= acs =100, ars=25, and apc =120.
Figure22. Distribution of Solvent for A,-star-(B-alt-C) copolymers with g=2, N=33
and f4=0.52 at various values of the fraction of copolymers (a) $=0.8 and (b) $=0.6.
Figure23. Morphology pattern of A,-star-(B-alt-C) copolymers when ¢=2, N=33,
f4=0.52 and $=0.6, respectively, simulated in a box of 24x24x24 and 30x30x30.
Figure24. (a) Morphology pattern of B-a/t-C copolymers when g=1, N=6, and
0=0.46. (b) Morphology pattern of Az-star-(B-_a_lt-C) copolymers when g=1, N=13,

f4=0.54 and ¢=1.0.

i}

Figure25. Schematic morphology. variati

ns and corresponding molecular

: = o)

arrangements of Az-star-(B-alt-C5 copolymers change with ¢ decreasing.

Figure 26. Schematic morphology variations and corresponding molecular
arrangements of A,-star-(B-alt-C) copolymers change with f5 decreasing.

Figure27. Schematic morphology variations of A;-star-(B-alt-C) copolymers change

with the increasing of N and ¢ factors.
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