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Dissipative particle dynamics simulation on phase behavior of
thermo-responsive amphiphilic copolymer PCL-PNIPAM-PCL
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Abstract: Dissipative particle dynamics (DPD) simulation was performed to study the microphase
separation and self-assembly dynamics of thermo-responsive amphiphilic triblock copolymer PCL ;-
PNIPAM;;-PCL,; in aqueous solution. The effects of temperature and volume fraction of the copolymer on
its phase behavior were investigated. The simulation results showed that different self-assembly
morphologies, such as sphere, cylinder, laminar etc. , could be obtained by varying the volume fraction
of the copolymer. Besides, it was found that temperature had a remarkable effect on the copolymer phase
behavior in dilute solution. When temperature was low, a stable spherical core-shell micelle could be
obtained with PCL as its core and PNIPAM as its shell. However, with the increase of temperature to a

specific value, it was clearly seen that the spherical core-shell micelle formed at a low temperature changed
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to a multicompartment micelle whose surface was covered by several discontinuous micro-domains formed

by PCL. This thermo-responsive phenomenon was captured in DPD simulation for the first time. Moreover,

the lower critical solution temperature (LLCST) obtained from the simulation was in good agreement with

that determined by experiment. A more detailed explanation was given to illustrate this thermo-responsive

phenomenon. This work demonstrated that dissipative particle dynamics could be used to study the

influence of temperature and to reveal the mechanism and general rule of the phase behavior of thermo-

sensitive amphiphilic block copolymers.

Key words: thermo-responsive polymer; phase behavior; self-assembly; core-shell structure; multicompartment

micelle; dissipative particle dynamics
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Fig. 2 Self-assembled morphologies of PCL;-PNIPAM;;-
PCL,; block copolymer with different volume fractions

in aqueous solution

(] (57 BELASE A s DAL HG 1) B e A 3 70 R o A il 5
FH i B RE AR A X R AR S IR By
16. 70WF AN DL ML . FUAS o s e B R Js o i) 5 4
BRI A AT BOE R Bk CRG riAFH
Bl 16, 7RSS0 . AR, T BRI B A (] A

HERTR A P RE EEASTR] PRI A A bR A ) B AR
W IR AR5 . Y B AL SR W 0 R R B R
) 28. 6000 [ 2¢D 1. BB BLH FER IS R 5 H i
— ML, AR R BN . AR o R] R A S A
K MG (AT R AR R AR R, X
2 T A A AT O o H R TR R AR AR
W IR A [ 2Ce) ], S80I ) kS % g
At A AL, BATE R ALZRI R, B
FEmM AR [ 20D ], gksesinik Bt Ry
MRRUr 50E) 33.3% [ 2() ], ATLAEH, it
ZALJZ R B H A sl 2, (H R LECH R 5
A JLIRIEE B LA R, TR I L BB A8 A 4 i Rl 2 AR 45
P o 24 B 3k 2R 1) A R0 803 i B 44, 4 04 1
(E 2], HFERKAREH BB Z,
PEESHE— 2PN, A EAE 2R, JERBOR
RS Ra b 8 Uil S EN: S = N BT}
m&f%ﬂﬁﬂ,lﬂﬁm?%%%ﬁzﬂﬂﬁﬁ
A AN R R SRR A . kSR i BUL R Y
R 508 50% (1| 2D ], B 2(h) Hhig£iL
PR 2 TR P J B8 R A SR AR R T I R A R AR
AL XATME 2G) M 2(h) FH, HAPE 2G)
HE 2D hERF N BSEHER. Babra A, bl
F it B AL R IR B B3 . PCLy-PNIPAM; -
PCLys TR 1 8 24 2T B R S BkR . A
R JEREE, XETFEEHWEH TRBILRYN
HER L B AR (g, BRIE. H
B WA, R FAFE R, B RERK.,
R 2R A 41T 50 T 1 BU R Y 1 (R B
BOX A AN, HS RSB0, AN
WopH. WRE. B =TT (tbnziy. HmFD .
VA R A B 5 A 2 i B SR ) T KIS W g A A%
PRSI
2.2 B PCL,-PNIPAM,,-PCL, F/K R B T H

HER T

Bl 3 Ry ASTml i B B, LR T KIS R AR
T, i B R IR R R 9.09% . K
3Ca)~Ce) JIT Xf j (4 3 BE R R 298, 303, 308,
313, 318 K,

HE 3 AT LAE 1, YR RIREAE 308 K LUIT B
[ 3Ca)~ (o) ], Frgkig iy BRIE I o o 3R N-SE N %%
PIRBEN e B Okt ) EEA TR AR, 5
KRS, MR e CNBREER (REER) W) B
RTINS, A% T4 . 3% 32 B R A e i



« 3712 - & T

1% %63 %

(a) 298K (b) 303K

(e) 318K

B 3 [ g s) PCLy-PNIPAM;, -PCL;;
i} B R YT KR B B R TE AR
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solution under different temperatures
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